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Synopsis 
Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA), the 
Minister of the Environment and the Minister of Health have conducted an assessment 
of 55 substances referred to collectively as the Aluminium1-containing Substances 
Group. The potential for cumulative effects was considered in this assessment by 
examining cumulative exposures to total aluminium.  

There are both natural and anthropogenic sources of aluminium exposure to humans 
and the environment. Natural sources of aluminium include weathering and 
biogeochemical processes, which, in combination with deposition processes, contribute 
to a complex aluminium cycle in the environment. Anthropogenic sources include the 
production of aluminium (for example, smelting), cement production, metal mining, 
electric power generation, pulp and paper manufacturing, and the use of products and 
manufactured items containing aluminium compounds.  

According to information submitted in response to CEPA section 71 surveys, of the 54 
substances surveyed, 40 substances in the group were manufactured or imported 
above the reporting threshold of 0.1 tonnes in 2011 or 2015. Results of the surveys 
indicated that 8 of the 54 surveyed substances were manufactured in Canada above 
reporting thresholds and that 37 of the 54 surveyed substances were imported into 
Canada above reporting thresholds. Of the 40 substances manufactured or imported 
above the reporting threshold of 0.1 tonnes, 12 were manufactured or imported in 
quantities exceeding 1000 tonnes. These substances are used in a wide variety of 
products and applications including in arts, crafts and hobby materials; automotive care 
products; building and construction materials; cleaning products; food packaging; ink, 
toner, and colourants; self-care products (cosmetics, natural health products, and non-
prescription drugs); paints and coatings; pest control products; plastics; textiles; and 
other industrial and commercial uses. 

Substances in the Aluminium-containing Substances Group have the potential to 
dissolve, dissociate, or degrade through various transformation pathways and therefore 
potentially contribute to exposures to total aluminium. Therefore, total aluminium 
concentrations, modelled or measured, were used as a surrogate for the potential 
exposure from the 55 substances in the group. Ecological hazards were characterized 
accordingly in order to evaluate the potential for harm from exposure to total aluminium.  

The ecological exposure assessment focuses on sectors with the highest commercial 
activity involving substances in the group as well as those with the largest releases of 
aluminium reported to the National Pollutant Release Inventory. Specifically, exposure 
scenarios were developed for primary aluminium manufacturing, cement manufacturing, 
metal mining, electric power generation, and pulp and paper manufacturing. Predicted 

 

1 The international spelling of “aluminium” is used throughout, except when referring to a name corresponding to the 
Chemical Abstracts Service Registry Number (CAS RN) (which, as property of the American Chemical Society, 
generally uses the American spelling “aluminum”) or to other regulatory list names that use American spelling. 
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environmental concentrations (PECs) were derived for each of these sectors, using 
monitoring data in the receiving environment, monitoring data in effluents, or industrial 
emission factors. Canadian long-term surface water quality monitoring data associated 
with land use classifications and available data on concentrations of bioavailable 
aluminium in soil were also used to characterize exposure. 

The ecological hazard assessment for the aquatic compartment considers total 
concentrations of aluminium and the toxicity modifying factors such as pH, water 
hardness, and dissolved organic carbon. Predicted no effect concentrations (PNECs) 
were generated in alignment with the Federal Water Quality Guidelines for Aluminium. 
For soils, a PNEC was derived from published calcium chloride extractable aluminium 
thresholds. These accounted for bioavailability in soil; and on the basis of the data 
available, were considered to be protective of both terrestrial plants and soil 
invertebrates. 

Aluminium is considered to be persistent in the environment, as are all elements, but 
may change speciation and cycle between environmental compartments. Although 
there are certain tolerant and hyper-accumulating plant species, aluminium is not 
generally considered to be bioaccumulative. 

The analysis of aquatic risk quotients for each sector showed that PECs infrequently 
exceeded PNECs, suggesting a lower potential to cause ecological harm. For the soil 
compartment, the PNEC was compared with corresponding exposure data as a function 
of pH. In the range of pH values where anthropogenic releases of substances in the 
group would occur, the soil PNEC was not exceeded. For the sediment compartment, 
based on the qualitative lines of evidence considered, the 55 aluminium-containing 
substances were found to have a low potential to cause ecological harm.  

Considering all available lines of evidence presented in this draft assessment, there is 
low risk of harm to the environment from the 55 aluminium-containing substances. It is 
proposed to conclude that the 55 aluminium-containing substances do not meet the 
criteria under paragraphs 64(a) or (b) of CEPA as they are not entering the environment 
in a quantity or concentration or under conditions that have or may have an immediate 
or long-term harmful effect on the environment or its biological diversity or that 
constitute or may constitute a danger to the environment on which life depends. 

Canadians may be exposed to substances in the Aluminium-containing Substances 
Group through environmental media (soil, house dust, and air), food, and drinking 
water. Traditional, subsistence, or country foods may be a source of aluminium 
exposure for certain Indigenous communities in Canada. People living near industrial 
facilities, such as primary aluminium smelters, may be exposed to elevated 
concentrations of aluminium from point source emissions. In addition, Canadians are 
exposed to aluminium from a variety of products and manufactured items available to 
consumers. 
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The systemic exposure of the general Canadian population over the age of 3 to 
substances in the Aluminium-containing Substances Group was characterized using 
nationally representative biomonitoring data. Aluminium was measured in biobanked 
samples of whole blood from Cycle 2 of the Canadian Health Measures Survey 
(CHMS). Aluminium content in whole blood samples provides a biologically relevant, 
integrated measure of systemic exposure that may occur across multiple routes (for 
example, oral ingestion, dermal contact, and inhalation) and sources (for example, 
natural and anthropogenic, environmental media, diet, and frequent or daily-use 
products). Aluminium levels were below the method reporting limit of 8 µg/L in 97.1% of 

the Canadian population (age group 3 to 79). For children under 3 years old, 
biomonitoring data from small-scale studies and intake estimates from environmental 
media, food, and drinking water were considered to characterize risk. Dietary intake 
estimates for certain Indigenous communities were also considered to characterize risk.  

Inhalation exposure scenarios from the use of products available to consumers and 
ambient air concentrations, including in proximity to point sources of releases, were 
quantified separately in order to assess the potential risk of portal of entry effects in the 
lungs. Substances in the Aluminium-containing Substances Group are found in a range 
of aerosol, trigger spray, and loose powder products, the uses of which may result in 
inhalation exposure. These products include self-care products (that is, cosmetics, 
natural health products, and non-prescription drugs), paints and coatings, do-it-yourself 
products (for example, cement products, tile grout), and cleaning products. In addition, 
aluminum hydroxychloride (CAS RN2 1327-41-9) and aluminum chlorohydrate (CAS RN 
12042-91-0) are used in aerosol and powdered antiperspirant and deodorant products.  

Several international organizations have established health-based guidance values for 
aluminium (for example, tolerable weekly intakes), which were established on the basis 
of neurological, neurodevelopmental, and reproductive effects. Thus, to characterize 
human health risk, a whole blood biomonitoring equivalent (BE) was derived for daily 
intake levels associated with the provisional tolerable weekly intake (PTWI) established 
on the basis of a critical endpoint that was identified from a developmental and chronic 
neurotoxicity study by the Joint Food and Agriculture Organization/World Health 
Organization Expert Committee on Food Additives (JECFA). With respect to inhalation 
exposure, a no-observed adverse effect concentration (NOAEC) from a worker study 
was identified as a route-specific endpoint for the Aluminium-containing Substances 
Group. Additionally, repeated inhalation of aluminium chlorohydrate generates lung 
effects that are not observed after inhalation of other aluminium-containing substances. 
As a result, granulomatous pneumonia was selected as a route-specific critical health 
effect for aluminum hydroxychloride and aluminum chlorohydrate.  

 

2 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society, and 
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the 
Government of Canada when the information and the reports are required by law or administrative policy, is not 
permitted without the prior written permission of the American Chemical Society. 
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Median and 95th percentile concentrations of total aluminium in whole blood from the 
CHMS were lower than the derived BE value. Average plasma aluminium 
concentrations in infants under 3 years old from small-scale biomonitoring studies were 
also lower than the derived BE value. Furthermore, intake estimates from environmental 
media, food, and drinking water for children under 3 years old as well as intake 
estimates from the consumption of country foods for certain Indigenous communities 
were lower than the daily intake level associated with the JECFA PTWI. Therefore, 
systemic exposure to the aluminium-containing substances is considered to be of low 
concern to the health of Canadians at current levels of exposure. In addition, the 
resulting margins of exposure estimated for inhalation exposure and the NOAEC for 53 
of the 55 aluminium-containing substances were considered adequate to address 
uncertainties in the available health effects and exposure data used to characterized 
risk. Margins of exposure between levels of inhalation exposure from the use of aerosol 
antiperspirants and aerosol foot deodorant spray and the critical health effect for  
aluminum hydroxychloride (CAS RN 1327-41-9) and aluminum chlorohydrate (CAS RN 
12042-91-0) were considered potentially inadequate to address uncertainties in the 
available health effects and exposure data used to characterize risk.  

The human health assessment took into consideration those groups of individuals within 
the Canadian population who, due to greater susceptibility or greater exposure, may be 
more vulnerable to experiencing adverse health effects. For instance, age-specific 
exposures are routinely estimated and developmental and reproductive toxicity studies 
are evaluated for potential adverse health effects. Human biomonitoring data were 
available for infants, children and pregnant women and pregnant people. These 
subpopulations were taken into account in the risk assessment outcomes of aluminum-
containing substances. In addition, exposure from consuming traditional, subsistence or 
country foods for certain Indigenous communities and exposure from outdoor air for 
people living near sources of release were examined. 

Considering all the information presented in this draft assessment, it is proposed to 
conclude that aluminum hydroxychloride (CAS RN 1327-41-9) and aluminum 
chlorohydrate (CAS RN 12042-91-0) meet the criteria under paragraph 64(c) of CEPA 
as they are entering or may enter the environment in a quantity or concentration or 
under conditions that constitute or may constitute a danger in Canada to human life or 
health. 

Considering all the information presented in this draft assessment, it is proposed to 
conclude that 53 of the 55 aluminium-containing substances do not meet the criteria 
under paragraph 64(c) of CEPA as they are not entering the environment in a quantity 
or concentration or under conditions that constitute or may constitute a danger in 
Canada to human life or health.  

It is therefore proposed to conclude that aluminum hydroxychloride (CAS RN 1327-41-
9) and aluminum chlorohydrate (CAS RN 12042-91-0) meet one or more of the criteria 
set out in section 64 of CEPA. It is proposed to conclude that the remaining 53 
aluminium-containing substances do not meet any of the criteria set out in section 64 of 
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CEPA. It is also proposed to conclude that aluminum hydroxychloride and aluminum 
chlorohydrate meet the persistence criteria but not the bioaccumulation criteria as set 
out in the Persistence and Bioaccumulation Regulations of CEPA.  
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1. Introduction 

Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA) 
(Canada 1999), the Minister of the Environment and the Minister of Health have 
conducted an assessment of a group of 55 substances (identified in Appendix A), 
referred to collectively as the Aluminium3-containing Substances Group, to determine 
whether these substances present or may present a risk to the environment or to 
human health. Forty-seven substances in this group were identified as priorities for 
assessment as they met categorization criteria, or were prioritized through other 
mechanisms (ECCC, HC [modified 2017]). Eight additional substances were identified 
for further consideration following prioritization of the Revised In Commerce List (R-
ICL)4 (ECCC, HC [modified 2017]; Health Canada [modified 2017]).  

Health Canada and Environment Canada had previously published a Second Priority 
Substance List (PSL2) Assessment on three aluminium salts (aluminum chloride, 
aluminum nitrate, and aluminum sulphate) (EC, HC 2010). This assessment builds upon 
the PSL2 assessment and expands the scope to include additional substances. Other 
aluminium compounds present on the Domestic Substances List (DSL) have been 
addressed in separate reports (EC, HC 2010, 2013, 2016).   

This assessment only considers the effects associated with aluminium and does not 
address other elements or moieties that may be present in the Aluminium-containing 
Substances Group (such as magnesium, fluoride, zirconium, or the organic components 
of organometallics and organic-metal salts). Some of these other elements or moieties 
have been addressed through previous assessments conducted as part of the Priority 
Substances List (PSL) program under CEPA or may be addressed via other initiatives 
of the Chemicals Management Plan (CMP). Engineered nanomaterials containing 
aluminium (1 nm to 100 nm) that may be present in environmental media or products 
are not explicitly considered in the exposure scenarios of this assessment, but 
measured concentrations of aluminium in the environment or human biomonitoring data 
could include aluminium from these sources. Similarly, this assessment does not 
explicitly consider ecological or health effects associated with nanomaterials containing 
aluminium. Aluminium is an adjuvant in certain vaccines and a main component in some 
non-prescription drugs used to neutralize gastric acid in heartburn or inflammation of the 
upper gastric tract (antacids). These uses are not considered in this assessment. 

 

3 The international spelling of “aluminium” is used throughout, except when referring to a CAS RN name (which, as 
property of the American Chemical Society, generally uses the American spelling “aluminum”) or to other regulatory 
list names that use American spelling. 

4 The Revised In Commerce List (R-ICL) is an administrative list of substances that are potentially used in products 
regulated under the Food and Drugs Act and that were in Canadian commerce between January 1, 1987, and 
September 13, 2001. The Government of Canada has prioritized these substances and is addressing them for their 
potential impact on human health and the environment in order to risk manage the substances, if required. 
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The ecological assessment for this group will focus on releases of aluminium related to 
the manufacture, import, and use of the 55 aluminium-containing substances, as well as 
incidental releases of aluminium. Environmental monitoring in the aquatic compartment, 
or predictive modelling where necessary, in conjunction with recently developed Federal 
Water Quality Guidelines serve as the primary lines of evidence for evaluating the 
potential for exposure and hazard of the substances in this group (ECCC 2022a). 

Significant impacts of aluminium on freshwater ecosystems have been observed for 
decades as a consequence of acidic precipitation mobilizing naturally occurring metals, 
with ongoing issues particularly in areas that are part of the Canadian Precambrian 
Shield (Gensemer and Playle 1999; Wilson 2012; Adams et al. 2018; Canada [modified 
2018a]; Rotteveel and Stirling 2020). However, this ecological assessment focuses on 
addressing potential concerns from industrial activities involving the 55 aluminium-
containing substances. The potential impacts of environmental acidification are 
complex, including those involving the solubilization, bioavailaibility, and ecotoxicity of 
ambient aluminium. These impacts and the efforts to address them have been 
described elsewhere (Environment Canada 2004; Canada [modified 2013a], [modified 
2013b], [modified 2018a]).   

The human health risks of systemic effects were characterized using the Biomonitoring-
based Approach 2 (Health Canada [modified 2016]), which compares human 
biomonitoring data (exposure) against biomonitoring guidance values (health effects) 
that are consistent with available health-based guidance values, such as biomonitoring 
equivalents (BEs), to identify whether substances are of low concern to human health. 
Additional exposure estimates were considered in order characterize the human health 
risks of systemic effects in groups of individuals not represented in the population level 
biomonitoring data. In addition, a route-specific approach was used to characterize 
portal of entry effects from the inhalation route of exposure for substances in the 
Aluminium-containing Substances Group.  

This draft assessment takes into consideration information on chemical properties, 
environmental fate, hazards, uses, and exposures, including additional information 
submitted by stakeholders. Relevant data were identified up to July 2021. Empirical 
data from key studies as well as results from models were used to reach proposed 
conclusions. When available and relevant, information presented in assessments from 
other jurisdictions was considered. 

This draft assessment was prepared by staff in the CEPA Risk Assessment Program at 
Health Canada and Environment and Climate Change Canada and incorporates input 
from other programs within these departments. The ecological and human health 
portions of this assessment have also undergone external review. Comments on the 
technical portions relevant to the environment were received from Mr. Geoff Granville 
(GCGranville Consulting Corp.), Dr. Claude Fortin (Institut national de la recherche 
scientifique), Dr. Scott Smith (Wilfrid Laurier University), the Technical Assessment and 
Standards Development Branch of the Ontario Ministry of Environment, Conservation 
and Parks, and the Water Protection & Sustainability Branch of the British Columbia 
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Ministry of Environment & Climate Change Strategy. Comments on the technical 
portions relevant to human health were received from Tetra Tech. In addition, the health 
portion of this assessment is based on the Biomonitoring-based Approach 2 Science 
Approach Document (SciAD) (published December 9, 2016), which was externally peer-
reviewed and subject to a 60-day public comment period. While external comments 
were taken into consideration, the final content and outcome of the assessment remain 
the responsibility of Health Canada and Environment and Climate Change Canada. 

Assessment focus on information critical to determining whether substances meet the 
criteria as set out in section 64 of CEPA by considering scientific information including 
information, if available, on subpopulations who may have greater susceptibility or 
greater exposure, vulnerable environments and cumulative effects5, and by 
incorporating a weight of evidence approach and precaution6. This draft assessment 
presents the critical information and considerations on which the proposed conclusions 
are based.  

2. Substance identity 

The 55 aluminium-containing substances belong to various chemical categories 
including inorganic compounds, organic-metal salts, organometallic compounds, and 
unknown or variable composition, complex reaction products, or biological materials 
(UVCBs). The CAS RNs,7 DSL names, and common names of the individual 
substances in the Aluminium-containing Substances Group are presented in Table A-1, 
Appendix A. 

3. Physical and chemical properties 

Aluminium is a metal belonging to Group 13 of the periodic table. Only the trivalent 
oxidation state of aluminium is relevant in the natural environment (Wilson 2012). 
Aluminium forms Al3+ ions by losing its valence p-electron and two valence s-electrons 

 

5 The consideration of cumulative effects under CEPA may involve an analysis, characterization and possible 
quantification of the combined risks to health or the environment from exposure to multiple chemicals. 

6 A determination of whether one or more of the criteria of section 64 of CEPA are met is based upon an assessment 
of potential risks to the environment and/or to human health associated with exposures in the general environment. 
For humans, this includes, but is not limited to, exposures from ambient and indoor air, drinking water, foodstuffs, and 
products available to consumers. A conclusion under CEPA is not relevant to, nor does it preclude, an assessment 
against the hazard criteria specified in the Hazardous Products Regulations, which are part of the regulatory 
framework for the Workplace Hazardous Materials Information System for products intended for workplace use. 
Similarly, a conclusion based on the criteria contained in section 64 of CEPA does not preclude actions being taken 
under other sections of CEPA or other acts. 

7 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society, and 
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the 
Government of Canada when the information and the reports are required by law or administrative policy, is not 
permitted without the prior written permission of the American Chemical Society. 
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and may act as a substitute for silicon in ionic solids to define many minerals (Miessler 
et al. 2014). Aluminium oxides occur in various polymorphs, hydrated species, and 
hydroxides (Cotton and Wilkinson 1999). At environmentally relevant concentrations, 
aluminium forms water-soluble compounds with ions such as fluoride, sulfate, and 
organic chelators such as fulvic and humic acids (US EPA 2018).  

The water solubilities of substances in the group range from very low to fully soluble. 
For example, reported water solubility values range from qualitatively insoluble to 
“greater than 106 mg/L.” Vapour pressures are negligible for most substances, 
particularly where reported at physiologically and environmentally relevant 
temperatures. Water solubility and vapour pressure are less relevant for the organo-
aluminium compounds, as these tend to be pyrophoric (may spontaneously ignite in air) 
and highly water-reactive (Sleppy 2007; Krause et al. 2012). A summary of available 
physical and chemical property data for substances in the group is presented in 
Appendix B. 

4. Sources and uses 

4.1 Natural sources 

Aluminium is the most abundant metal and third most abundant element in the 
lithosphere, behind only oxygen and silicon (Haynes 2016). Aluminium is mostly 
associated with metamorphic and igneous rocks, mineral and clay deposits, and clay 
minerals in weathered soils. Through weathering and biogeochemical processes, small 
fractions of the total aluminium in the lithosphere enter a complex aluminium cycle in the 
environment (Driscoll and Postek 1996). Atmospheric deposition of aluminium is not a 
major natural source but may be important for isolated surface waters (Driscoll et al. 
1994). The aluminium cycle will be discussed further in the environmental fate section.  

Of the 55 aluminium-containing substances in the group, few are expected to have 
natural sources in the environment. Most of the substances are produced as 
downstream products of non-metallurgical aluminium hydroxide (that is, from the 
fraction of refined bauxite ore that is not used for smelting to aluminium metal) or from 
other sources (CEH 2021). 

4.2 Anthropogenic sources 

4.2.1 Aluminium production 

Bauxite ore, the principal raw material used for aluminium production, is not produced in 
Canada. Rather, it is imported—for example, in quantities of approximately 3.7 million 
tonnes in 2015 (NRCan 2016). Bauxite ore is then refined to metallurgical alumina for 
smelting to aluminium metal, or to commodity and specialty aluminas for a variety of 
uses, including the production of other aluminium compounds (NRCan 2016; CEH 
2021). As of 2016, there is one facility in Canada that produces metallurgical and non-
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metallurgical alumina, and ten primary aluminium smelters. Nine aluminium smelters 
are located in Quebec and one in British Columbia (NRCan 2016). 

4.2.2 Manufacture and imports 

Of the 55 substances included in this assessment, 54 were included in surveys issued 
pursuant to section 71 of CEPA for the reporting years 2011 or 2015 (Canada 2012; 
Canada 2017b). Responses were received for 40 of the 54 substances surveyed (Table 
C-1, Appendix C). According to information submitted in response to the surveys, 8 of 
the 54 surveyed substances were manufactured in Canada and 37 of the 54 surveyed 
substances were imported to Canada above the reporting threshold of 0.1 tonnes. Of 
the 40 substances for which responses were received, 12 were manufactured or 
imported in quantities greater than 1000 tonnes. No manufacture or import activities 
above the reporting threshold of 0.1 tonnes were reported for the other 14 substances 
that were surveyed (Table C-2, Appendix C).8 Aluminum hydroxide (CAS RN 
21645-51-2) was the only substance in the current group that was prioritized for 
assessment and not surveyed under section 71 of CEPA for the reporting years of 2011 
or 2015.  

International trade data were also collected for substances in the Aluminium-containing 
Substances Group. Harmonized System (HS) codes relevant to 20 substances were 
identified for 2010 to 2013, and the annual import data are presented in Table C-3, 
Appendix C. The international trade data also indicated that aluminum hydroxide (HS 
code 2818.30.0000), not included in the surveys mentioned above, was imported in 
quantities greater than 1000 tonnes (CBSA 2016). 

4.3 Uses 

The uses or activities associated with the Aluminium-containing Substances Group on 
the basis of function codes submitted in response to CEPA section 71 surveys are 
presented in Table C-5 (Appendix C) (Canada 2012, 2017b). While approximately 100 
unique sector and function codes were reported, the largest quantity uses and activities 
were aluminium production and cement manufacturing (Environment Canada 2013; 
ECCC 2017). These two activities represent approximately two-thirds and one-third of 
the overall reported quantities, respectively. However, when adjusted for the 
approximate percentage of aluminium in each substance, quantities related to 
aluminium production increase to approximately 90% of the overall reported quantities, 
with quantities related to cement manufacturing dropping to about 5%. All other uses 
and activities cumulatively account for less than 5% of reported overall aluminium-
normalized quantities, although they still represent about 400 000 tonnes.  

 

8 Values reflect quantities reported in response to a survey conducted under CEPA section 71 (Canada 2012; 
Canada 2017b). See survey for specific inclusions and exclusions (schedules 2 and 3). 
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Other activities involving substances in the group with the largest associated reported 
quantities were petroleum production, refractory materials, adhesives and sealants, 
intermediates, lubricant additives, solids separation agents, abrasives, process 
regulators, fillers and flame retardants, laboratory substances, pigments, adsorbents 
and absorbents, anti-adhesive agents, catalysts, plastic films, and beer filtration 
(Environment Canada 2013; ECCC 2017). All additional reported uses beyond those 
listed here were either notified as confidential business information (CBI) or were 
associated with commercial quantities of less than 1000 tonnes per year. Substance-
specific details on uses and sectors associated with the largest quantities according to 
information submitted in response to CEPA section 71 surveys are provided in 
Appendix C (Table C-5, Table C-6). 

Further literature searches, market research, and international trade data generally 
corroborate the survey results presented above. However, they also suggest that 
Canadian consumption for filler and flame retardant, pulp and paper, water treatment, 
and pigment coating applications has grown significantly as compared to survey data 
reported for 2011 (Darragh and Ertell 2003; Helmboldt et al. 2012; Hudson et al. 2012; 
CBSA 2016; CEH 2021). Additionally, literature searches suggest the substances in the 
Aluminium-containing Substances Group may be present in a wide variety of products 
available to consumers including self-care products (that is, cosmetics, natural health 
products, and non-prescription drugs), paints and coatings, do-it-yourself (DIY) products 
(for example, cement products, tile grout), and cleaning products (see section 8.2.2). 
Additional uses of substances in the group are identified in Table 4-1. 

In Canada, aluminium may be present in foods through the use of aluminum-containing 
food additives; as components in incidental additives used in food processing 
establishments; and as components in the manufacture of some food packaging 
materials (personal communication, email from the Food Directorate [FD], Health 
Canada, to the Existing Substances Risk Assessment Bureau [ESRAB], Health 
Canada, dated October 2, 2018, and March 31, 2022; unreferenced). Additionally, some 
substances in the Aluminium-containing Substances Group are present in registered 
pest control products in Canada as formulants (personal communication, email from the 
Pest Management Regulatory Agency [PMRA], Health Canada, to the ESRAB, Health 
Canada, dated June 18, 2018; unreferenced; Health Canada 2010). 

Substances within the Aluminium-containing Substances Group are present in 
cosmetics according to notifications submitted under the Cosmetic Regulations 
(personal communication, emails from the Consumer and Hazardous Product Safety 
Directorate [CHPSD], Health Canada, to the ESRAB, Health Canada, dated June 25, 
2018; unreferenced). The substances in this group are also present as medicinal or 
non-medicinal ingredients in disinfectants, human or veterinary drug products as well as 
natural health products (personal communication, email from the Therapeutic Products 
Directorate [TPD], Health Canada, to the ESRAB, Health Canada, dated June 11, 2018; 
unreferenced; DPD [modified 2022]; LNHPD [modified 2022]; NHPID [modified 2022]; 
personal communication, email from the Natural and Non-prescription Health Products 
Directorate [NNHPD], Health Canada, to the ESRAB, Health Canada, dated June 12, 
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2018; unreferenced). Some of the substances in the Aluminium-containing Substances 
Group are used as antiperspirant ingredients in self-care products available to 
consumers. Aluminum hydroxychloride (CAS RN 1327-41-9), aluminum chlorohydrate 
(CAS RN 12042-91-0), and aluminum zirconium complexes (CAS RNs 57158-29-9 and 
90604-80-1) are identified as being restricted or prohibited for use in aerosol dispensers 
or prohibited in combination with other aluminium compounds on the Cosmetic 
Ingredient Hotlist under entries for aluminum zirconium complexes and aluminum 
chlorohydrate and its associated complexes (Health Canada [modified 2022a]).  

Table 4-1. Additional uses in Canada for the Aluminium-containing Substances 
Group 

Use Aluminium-containing 
Substances Group 

Food additivea Y 

Incidental additiveb Y 

Food packaging materialsb Y 

Medicinal or non-medicinal ingredients in disinfectant, 
human, or veterinary drug productsc 

Y 

Medicinal or non-medicinal ingredients in natural health 
productsd 

Y 

List of Prohibited and Restricted Cosmetic Ingredientse Y 

Present in cosmetics, according to notifications submitted 
under the Cosmetic Regulationsf 

Y 

Formulant in registered pest control productsg Y 
Abbreviations: Y, yes, use was reported for these substances 
a In Canada, food additives are regulated under the Canadian Food and Drug Regulations (FDR) and associated 
Marketing Authorizations. Permitted food additives and their conditions of use are listed in the Lists of Permitted Food 
Additives. Ammonium Aluminum Sulphate, Potassium Aluminum Sulphate, Sodium Aluminum Sulphate, and Sodium 
Aluminum Phosphate are currently permitted for use in certain foods prescribed by one or more of the Lists (personal 
communication, from the FD, Health Canada, to the ESRAB, Health Canada, dated March 31, 2022; unreferenced). 
b While not defined under the Food and Drugs Act (FDA), incidental additives may be regarded, for administrative 
purposes, as those substances which are used in food processing plants and which may potentially become 
adventitious residues in foods (for example, cleaners, sanitizers) (personal communication, email from the FD, Health 
Canada, to the ESRAB, Health Canada, dated October 2, 2018; unreferenced). 
c Personal communication, email from the TPD, Health Canada, to the ESRAB, Health Canada, dated June 11, 2018; 
unreferenced; DPD [modified 2022]. 
d LNHPD [modified 2022]; personal communication, emails from the NNHPD, Health Canada, to the ESRAB, Health 
Canada, dated June 12, 2018; unreferenced; NHPID [modified 2022].   
e Health Canada [modified 2022a]; Health Canada’s Cosmetic Ingredient Hotlist is an administrative tool that Health 
Canada uses to communicate to manufacturers and others that certain substances may contravene the general 
prohibition found in section 16 of the Food and Drugs Act (FDA) (Canada 1985) or may contravene one or more 
provisions of the Cosmetic Regulations (Canada 2009). Aluminum hydroxychloride (CAS RN 1327-41-9), aluminum 
chlorohydrate (CAS RN 12042-91-0), and aluminum zirconium complexes (CAS RNs 57158-29-9 and 90604-80-1) 
are identified as being restricted on the Cosmetic Ingredient Hotlist. In July 2023, Health Canada published a 
proposed update to the entry for aluminum chlorohydrate and its associated complexes on the Cosmetic Ingredient 
Hotlist (Health Canada [modified 2023]). This revision proposes to prohibit aluminum chlorohydrate and its associated 
complexes in aerosol products.  
 f Personal communication, emails from the CHPSD, Health Canada, to the ESRAB, Health Canada, dated June 25, 
2018; unreferenced. 
g Health Canada 2010; personal communication, email from the PMRA, Health Canada, to the ESRAB, Health 
Canada, dated June 18, 2018; unreferenced. 
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5. Releases to the environment 

Canada’s National Pollutant Release Inventory (NPRI) reports annual releases to the 
environment, annual quantities recycled, and annual quantities disposed for specific 
physical forms of two aluminium-containing substances: aluminum (fume or dust only) 
and aluminum oxide (fibrous forms only).  

NPRI data for 2013 to 2017 are presented in the tables and figures below. Industrial 
sectors were attributed as North American Industry Classification System (NAICS) 
codes at the 4-digit level, as notified to the NPRI. Aluminum (fume or dust only) and 
aluminum oxide (fibrous forms only) were released primarily to air for all sectors except 
pulp, paper and paperboard mills, where larger releases have been reported to water. 
Further details are provided in Appendix D. 

Table 5-1. Total annual quantities of aluminum (fume or dust only) released to air, 
land, and water from 2013 to 2017 

Year Air (tonnes) Land 
(tonnes) 

Water 
(tonnes) 

Unspecified 
media 
(tonnes) 

Annual 
total 
(tonnes) 

2013 137.8 0.0 3.3 0.2 141.3 

2014 95.6 0.0 1.8 1.1 98.5 

2015 125.2 0.0 6.0 1.7 132.9 

2016 98.0 0.0 2.1 1.7 101.8 

2017 93.8 0.0 2.8 2.1 98.7 
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Figure 5-1. Sectors reporting the largest releases of aluminum (fume or dust only) 
to the National Pollutant Release Inventory from 2013 to 2017 (NPRI [modified 
2022]) 

Figure 5-1 shows that the proportion of total releases of aluminum (fume or dust only) 
from the electrical power generation sector has generally been decreasing from 2013 to 
2017, potentially correlated with closures, conversions to other fuel sources, technology 
improvements, or reductions of activity at some coal power plants (Ontario [modified 
2021]; CER [modified 2022]). Releases from metal ore mining and petroleum and coal 
product manufacturing have remained relatively constant. 

Table 5-2. Total annual quantities of aluminum oxide (fibrous forms only) released 
to air, land, and water from 2013 to 2017 

Year Air 
(tonnes) 

Land 
(tonnes) 

Water 
(tonnes) 

Unspecified 
media 
(tonnes) 

Annual 
total 
(tonnes) 

2013 40.9 0.0 0.0 0.2 41.1 

2014 43.2 0.0 0.0 1.9 45.1 

2015 30.6 0.0 0.0 1.5 32.1 

2016 0.0 0.0 0.0 1.3 1.3 

2017 0.0 0.0 0.0 1.3 1.3 
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Figure 5-2. Sectors reporting the largest releases of aluminum oxide (fibrous 
forms only) to the National Pollutant Release Inventory from 2013 to 2017 (NPRI 
[modified 2022]) 

As indicated in Figure 5-2, reported releases of aluminum oxide (fibrous forms only) 
from the aerospace product and parts manufacturing sector ceased after 2015. The 
2016 NPRI submission notes from the company involved (responsible for between 95% 
and over 99% of the total reported releases) suggest that the form of aluminum oxide 
released is not fibrous and, therefore, the releases are no longer reportable. Recent 
reported releases of aluminum oxide (fibrous forms only) are very modest compared to 
those reported for aluminum (fume or dust only). 

Significant and highly variable quantities of aluminum (fume or dust only) and aluminum 
oxide (fibrous forms only) are disposed of both on-site and off-site by reporting facilities 
(Table D-2 and Table D-4). From 2013 to 2017, average total annual disposal of 
aluminum (fume or dust only) ranged from 149 tonnes to 10 727 tonnes, while 
aluminum oxide (fibrous forms only) ranged from 98 tonnes to 3 226 tonnes. For both 
substances, the largest disposals were generally to landfill. Cumulatively, the sectors 
with the highest disposal quantities were waste treatment and disposal, metal ore 
mining, pulp, paper and paperboard, and alumina and aluminum production. 
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6. Environmental fate and behaviour 

Substances in the Aluminium-containing Substances Group belong to a wide variety of 
chemical categories (for example, inorganic, organometallic, and UVCBs), with a 
relatively wide range of chemical properties. Each substance has a unique 
environmental fate and behaviour when examined in isolation. However, while the 
reaction rates may vary substantially, each substance in the group is considered to 
have the potential to eventually dissolve, decompose, biodegrade, or otherwise 
transform to contribute to “total aluminium” in the environment. Recognizing the 
exclusions described in the Introduction, this approach is conceptually consistent with 
international guidance on the grouping of chemicals and a number of case studies from 
other jurisdictions (Worth and Patlewicz 2007; OECD 2014). Therefore, for the purposes 
of this assessment, the evaluation of environmental fate and behaviour will focus on the 
aluminium moiety. 

6.1 Environmental distribution 

Aluminium is found naturally in all environmental compartments: air, soil, water, 
sediment, and biota. Atmospheric deposition of aluminium to soils is mostly attributed to 
the deposition of dust particles and is generally low (Driscoll et al. 1994). Most of the 
substances in the group have negligible volatility at environmentally relevant 
temperature and pressure. Those that do have some volatility (for example, 
organoaluminium compounds) are pyrophoric and, therefore, are not expected to persist 
in the air (Krause et al. 2012). As a ubiquitous constituent of soil, the amount of 
aluminium present in the air compartment due to natural fluxes of windblown dust is 
expected to be much greater than that due to industrial releases of substances in the 
group (EC, HC 2010). For the same reason, long-range transport potential (LRTP) has 
not been evaluated in detail. Although aluminium-containing particles from natural 
erosion are known to travel long distances, it is suggested that aluminium-containing 
particles associated with industrial sources such as steel or cement manufacturing 
usually deposit near their source (Eisenreich 1980; Heimburger et al. 2012; Abril et al. 
2014).  

Aluminium in soil and sediment represent the largest pool of naturally occurring 
aluminium in the environment, principally in the form of aluminosilicates (Sparling and 
Lowe 1996). Aluminium has low mobility and is not very soluble in neutral soils, but it is 
soluble in acidic soils, with hydrolysis being the most important reaction in the chemical 
weathering of the common silicate minerals (Shiller and Frilot 1996; Courchesne and 
Hendershot 1997). Weathering and degradation processes mobilize aluminium from soil 
and sediment into the aquatic compartment. Conversely, processes such as 
precipitation and retention on surfaces and particles reduce the mobility of aluminium in 
the aquatic compartment. The net result of these opposing processes is a complex 
biogeochemical cycle, which, for aluminium, is particularly sensitive to pH and additional 
factors such as the availability of complexing ions and temperature (Lydersen 1990; 
Driscoll and Postek 1996).  
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Figure 6-1. Representation of the aluminium cycle (adapted from Driscoll and 
Postek 1996) 

The distribution of aluminium species in the aquatic compartment is an important 
consideration in ecological hazard and exposure assessment. Aluminium is relatively 
insoluble at and around neutral pH (for example, 6 to 8), with solubility at its minimum 
between pH 6.2 and 6.5 (Martin 1986; Driscoll and Schecher 1990; Gensemer and 
Playle 1999). As a hard Lewis acid, Al3+ has a high affinity for forming complexes with 
hard bases, including oxygen donor ligands, such as hydroxides, carboxylates (and by 
extension, fulvic and humic acids), and phosphates. Therefore, Al3+ can compete with 
biologically relevant cations of calcium, iron, magnesium, and potentially others for 
oxygen-rich binding sites and physiological oxoanions (Brothers and Ruggiero 2011). 
Al3+ will form complexes with other hard bases as well, such as fluoride (for example, 
AlF2+, AlF2

+) and sulfate (for example, Al(SO4)+) ligands (Driscoll and Postek 1996; 
Krstic et al. 2012). 

Consequently, aluminium speciation in aquatic media, including in the interstitial water 
in soil and sediment, is highly complex. Along a gradient of increasing aluminium and 
hydroxide concentrations (that is, increasing pH), Al3+ will undergo mononuclear 
hydrolysis (for example, to Al(OH)2+ and Al(OH)2

+) and will “polymerize” to various 
polynuclear species (for example, AlO4Al12(OH)24(H2O)12

7+, also known as “Al13”), and 
then to macromolecules, colloidal forms, and ultimately to crystals of gibbsite (α-AlOH3) 

(Poléo et al. 1994; Poléo 1995). The polynuclear species can be potent anion 
scavengers, and this polymerization process is key to the utility of aluminium 
compounds as flocculants in water treatment (Bertsch and Parker 1996). Temperature 
also plays an important role in the mobility of aluminium, indicating the importance of 
kinetics in this process (Vesely et al. 2003). Lydersen (1990) found that at the same pH, 
lower temperatures significantly increased the proportion of measured Al3+ relative to 
hydrolyzed cationic species (Al(OH)2+, Al(OH)2

+). At lower aluminium concentrations 
expected in the natural environment, anionic species such as phosphate, sulfate, and 
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fluoride may interfere with aluminium hydrolysis and polymerization (Jardine and 
Zelazny 1996). 

The chemistry of aluminium adsorption to soil and sediments is also complex. 
Aluminosilicates are a common component of soils and sediments (Stumm and Morgan 
1981). The retention of aluminium by sediments decreases as pH decreases (Dillon et 
al. 1988; Nilsson 1988), and sediments in acidified watersheds can provide a source of 
aluminium to the water column (Nriagu and Wong 1986; Wong et al. 1989). This has 
been demonstrated by rapidly increasing measured aluminium concentrations in 
response to experimental acidification of lakes and limnocorrals (Schindler et al. 1980). 
The release of aluminium hydroxide sludge from drinking water treatment and 
wastewater treatment systems9 directly to surface waters is the primary anthropogenic 
pathway by which aluminium enters sediment. If water velocity is low at the point of 
discharge, much of the released sludge will settle onto the surface of local sediment. In 
Canada, the pH of waters receiving such discharges is typically nearly neutral; 
therefore, the solubility of aluminium species in the sludge is expected to remain low in 
general (EC, HC 2000). 

In soil, adsorbed aluminium may be exchangeable to varying degrees with cations in 
solution, or it may be in various stages of precipitation from amorphous to more 
crystalline phases (Jardine and Zelazny 1996). In acidic soils, more aluminium is 
dissolved in the soil solution, and cationic nutrients (Ca2+, Mg2+, and K+) may be 
replaced in the cation exchange complex (CEC) by Al3+, which particularly tends to 
dominate in soils at pH values below 5 (Violante et al. 2010). In forest soils of cold and 
humid regions, such as those of eastern Canada, aluminium migrates from upper to 
lower mineral soil horizons by complexation with organic acids leached from foliage and 
the slow decomposition of organic matter in the forest floor (Courchesne and 
Hendershot 1997). Most dissolved aluminium in forest floor soil solutions is organically 
bound, and these aluminium-organic complexes become less abundant with increasing 
soil depth (Nilsson and Bergkvist 1983; David and Driscoll 1984; Driscoll et al. 1985).  

6.2 Environmental persistence  

Virtually all aluminium on Earth is of the stable isotope 27Al (Haynes 2016). As noted 
above, processes such as hydrolysis and biodegradation will apply to varying extents 
and at varying rates for specific substances within the Group. The aluminium within 
each substance is considered persistent as it cannot degrade beyond the monomeric 
species (the hexahydro ion Al(H2O)6

3+, frequently abbreviated as Al3+), although it can 

 

9 In this assessment, the term “wastewater treatment system” refers to a system that collects domestic, commercial, 

and/or institutional household sewage and possibly industrial wastewater (following discharge to the sewer), typically 
for treatment and eventual discharge to the environment. Unless otherwise stated, the term wastewater treatment 
system makes no distinction of ownership or operator type (municipal, provincial, federal, Indigenous, private, 
partnerships). Systems located at industrial operations and specifically designed to treat industrial effluents will be 
identified by the terms “on-site wastewater treatment systems” and/or “industrial wastewater treatment systems”. 
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transform into different chemical species, partition among different phases and 
environmental compartments, or both. The persistence of each potential parent 
compound has not been evaluated individually in the present assessment. 

6.3 Potential for bioaccumulation  

In the aquatic compartment, aluminium readily accumulates on fish gills and mucus 
during acute exposures but is slow to enter the blood and internal organs (Handy and 
Eddy 1989; Spry and Wiener 1991). Dussault et al. (2001) noted significant gill 
accumulation of aluminium in rainbow trout but low and dose-independent accumulation 
in the liver. Several species of algae can accumulate large amounts of aluminium 
without apparent damage (Sparling and Lowe 1996; Roy 1999). Factors such as pH and 
organic matter are important considerations for aluminium bioaccumulation studies, and 
measured accumulation is often a function of these variables. The effect of these factors 
on bioaccumulation by algae depends greatly on the species studied. Parent and 
Campbell (1994) reported suppressed accumulation of aluminium by Chlorella 
pyrenoidosa at lower pH. Roy and Campbell (1997) found that fulvic acid reduced the 
toxicity of aluminium to juvenile Atlantic salmon, while Winter et al. (2005) found that 
natural dissolved organic matter eliminated aluminium accumulation from juvenile 
rainbow trout gills across a range of pH values. Parent et al. (1996) found that soil fulvic 
acid may have promoted the accumulation of aluminium by Chlorella pyrenoidosa. 

In a comprehensive literature review, the United States Environmental Protection 
Agency (US EPA) (2018) identified three acceptable aluminium bioaccumulation studies 
for aquatic organisms. Although measured aluminium residues were likely both surface-
bound and internal, Cleveland et al. (1991) found that whole body kinetic 
bioconcentration factors (BCFs) in brook trout were inversely correlated with pH, with 
BCFs ranging from 215 at pH 5.3 to 36 at pH 7.2. Aluminium was rapidly depurated 
from all treatment groups, and residues had begun to decline before the end of the 
exposure period. Buckler et al. (1995) noted a similar decline in tissue concentrations in 
Atlantic salmon during the exposure period and hypothesized that the effect may be due 
to the decreased capacity of gills to adsorb aluminium as they become damaged, to 
modified physiological responses, or to growth dilution. Finally, Dobranskyte et al. 
(2004) measured aluminium accumulation in the digestive gland and other soft tissues 
of freshwater snails exposed to aluminium. Aluminium accumulated in both tissues and 
remained significantly higher in the treatment groups relative to control snails, although 
concentrations also started to decline during the exposure period. BCFs calculated from 
tissue concentrations at 30 days, compared with the average of water concentrations 
measured at 0 h, 24 h, and 48 h after each water change, were approximately 4.3 and 
2.3 for the digestive gland and other soft tissues, respectively. 

While BCF (and bioaccumulation factor, BAF) approaches often have limited usefulness 
in quantifying metal accumulation, these data show that aluminium has the potential to 
accumulate both on aquatic organisms, particularly on respiratory surfaces and 
associated mucus layers, and within aquatic organisms (McGeer et al. 2003). However, 
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aluminium is rapidly depurated when organisms are removed from exposure (Wilkinson 
and Campbell 1993). 

Information is available on the accumulation of aluminium for plants and soil-dwelling 
organisms. The Agency for Toxic Substances and Disease Registry (ATSDR) (2008) 
reports an uptake factor (that is, the ratio of the concentration of aluminium in the plant 
to the concentration of aluminium in soil) of 0.004 for leafy vegetables, and 0.00065 for 
fruits and tubers (DOE 1984), although the specific species and pH values under which 
these factors were derived are unclear. In a bioaccumulation study by Zhao and Qiu 
(2010), earthworms (Eisenia andrei) were exposed to treatments of 20, 34, 50, and 
100 mg AlCl3/kg added to dry soil. Aluminium concentrations in earthworms reached a 
maximum at day 16, with concentrations ranging from 130 mg/kg to 170 mg/kg, which 
then decreased to between 70 mg/kg and 90 mg/kg by day 32. No information on the 
depuration phase was reported. After 32 days of exposure via soil, the BCF values 
based on total concentrations of aluminium in soil and earthworms ranged from 
approximately 1 to 3. From data presented in Bilalis et al. (2013), BCF values for the 
earthworm (Octodrilus complanatus) were estimated, which varied from 2 in the control 
group to 0.16 to 0.27 in the aluminium treatment groups. In another earthworm (Eisenia 
fetida) study by Tejada et al. (2010), the presented data suggest BCF values of 
approximately 0.04 in the control and values of 0.09 to 0.13 in the aluminium exposure 
groups.  

Notwithstanding a number of tolerant and hyperaccumulating plant species (Jansen et 
al. 2002), the general bioaccumulation potential of aluminium in plants and invertebrates 
is low. 

7. Potential to cause ecological harm 

7.1 Ecological effects assessment 

7.1.1 Mode/mechanism of action 

Aluminium is a non-essential element without a known biological function (US EPA 
2007; Wilson 2012; Gensemer et al. 2018). Aluminium is unlike most other metals in 
that the modes of action are conserved for both acute and chronic effects (Wilson 
2012). Aluminium causes toxicity to freshwater organisms by disturbance of 
ionoregulatory processes, respiratory disruption, or both, depending primarily on pH and 
its effect on aluminium speciation (Wilson 2012; Cardwell et al. 2018; Gensemer et al. 
2018). At acidic pH values where monomeric aluminium species start to prevail (for 
example, pH below ~5), aluminium (Al3+) typically has an additive effect to the 
ionoregulatory disturbance caused by acidity alone by displacing calcium from anionic 
binding sites within intercellular junctions and interfering with enzymes such as gill 
sodium-potassium pumps (Na+/K+-ATPase) and carbonic anhydrase (Gensemer and 
Playle 1999; Wilson 2012). At very acidic pH (for example, pH ~3), aluminium (Al3+) can 
technically begin to antagonize the ionoregulatory disturbance caused by acidity alone 
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by competing with H+ for binding sites, but the effect can be temporary (Gensemer and 
Playle 1999; Skei and Dolmen 2006). 

In fish, respiratory system toxicity predominates in moderately acidic water (for 
example, pH ~5 to 6), where aluminium accumulation on gill surfaces leads to excessive 
mucus production, inflammation, and thickening and shortening lamellae (Wilson 2012). 
Local increases in the pH of water at the gill surface due to continuous excretion of 
ammonia cause a shift in speciation towards cationic and polynuclear aluminium 
hydroxide species and precipitated Al(OH)3, which may clog the gill surface by either 
chemical or physical adsorption (Playle and Wood 1989; Wilkinson and Campbell 1993; 
Gensemer and Playle 1999; Wilson 2012). This basic mechanism for acute toxicity also 
applies at a larger scale in mixing and liming zones, where sudden increases in pH 
induce rapid polymerization of aluminium species and create a zone of acute toxicity 
(Wilson 2012). Oxidative stress responses in common carp and grass carp have also 
been observed following acute aluminium exposures (Fernández-Dávila et al. 2012; 
Razo-Estrada et al. 2013). 

In amphibians, a similar respiratory toxicity mechanism may also be relevant in 
moderately acidic water (for example, pH ~5 to 6) comparing the survival of a species 
with internal gills (Bufo bufo) with that of a species with external gills (Triturus vulgaris) 
(Skei and Dolmen 2006). Similar to fish, the effects of aluminium on amphibians at 
lower pH (for example, pH below ~5) are generally additive with the effects of acidity 
(H+) through the ionoregulatory disturbance mechanism, although aluminium can 
antagonize the effects of acidity for some species not far below this pH range (Freda 
and McDonald 1990; Sparling and Lowe 1996; Dolmen et al. 2018). 

Fewer mode of action data are available for invertebrates and algae, although 
ionoregulatory effects are the most commonly documented for invertebrates (Gensemer 
and Playle 1999; US EPA 2018). For example, Havas (1985) observed an increasing 
loss of sodium and chloride ion concentrations in Daphnia magna following acute 
exposures at low pH to increasing aluminium concentrations, which led to disrupted 
swimming and feeding behaviour and eventually death. Herrmann and Andersson 
(1986) proposed both “chemical” ionoregulatory disruption and “mechanical” respiration 
impedance by precipitated hydroxides and resulting mucus formation as mechanisms 
for respiratory effects observed in mayfly species. For aquatic plants and algae, 
aluminium may be internalized by the cell and interfere with metabolic processes 
(Crémazy et al. 2013). Surface precipitated aluminium species may interfere with the 
movement of flagella or act as photosynthetic shade (Lindemann et al. 1990; Golding et 
al. 2015). The potential for aluminium to bind phosphorus may also reduce the 
availability of this nutrient to primary producers (Sparling and Lowe 1996; US EPA 
2018).  

Save for certain tolerant and hyperaccumulating species, aluminium is generally 
phytotoxic to terrestrial plants, with the effects of aluminium exposure being most 
evident in root tissues (Jansen et al. 2002; Haridasan 2008; Santos et al. 2014). The 
most common effects of aluminium on sensitive plants include cessation of root 
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elongation, changes in morphology of the root system, decreased root respiration, and 
subsequent nutrient deficiencies due to impaired uptake (Ryan et al. 1994; Delhaize 
and Ryan 1995; Rout et al. 2001; Barabasz et al. 2002; Kochian et al. 2004; Yang et al. 
2011; Kopittke et al. 2015; Kopittke and Blamey 2016). While root tissues are generally 
the site of action, whether effects on the cell wall, ion transport processes, or hormones 
and signalling are the causative or secondary mechanisms of aluminium toxicity is 
unclear (Brothers and Ruggiero 2011; He et al. 2012). Aluminium also has the potential 
to affect rhizobial symbiosis, including a reduction of rhizobial population, effects on 
rhizobial gene expression, and ultimately an impairment of the nitrogen fixation process 
(Jaiswal et al. 2018). Furthermore, simple determination of the total or exchangeable 
aluminium content in the soil solution is not a sufficient indicator to determine aluminium 
toxicity to plants, and therefore, quantification of the chemical species becomes 
necessary (Cunha et al. 2018). In general, the hazardous effects on root growth can be 
empirically related to different aluminium species in the following order: 
Al3+ > Al(OH)2

+ > Al(OH)2+ > Al(OH)4
− (Nogueirol et al. 2015). However, compared to 

these mononuclear aluminium species, the polynuclear triskaideka aluminium species, 
Al13, exhibits particularly strong phytotoxic properties (Parker et al. 1989; Kinraide 1990, 
1997; Klöppel et al. 1997; US EPA 2003; Drábek et al. 2005; Manoharan et al. 2007). 
Finally, Bloom and Erich (1995) suggest that aluminium precipitated or complexed by 
organic compounds is apparently non-hazardous to plants. 

7.1.2 Effects on aquatic organisms 

Many studies are available on the acute and chronic toxicity of aluminium to aquatic 
organisms such as algae, plants, invertebrates, and fish. A Federal Water Quality 
Guideline (FWQG) for the protection of aquatic life from adverse chronic effects of total 
aluminium was developed in parallel with this assessment. The FWQG was selected to 
derive freshwater predicted no effect concentrations (PNECs) for the Aluminium-
containing Substances Group because it includes recent scientific studies, integrates 
toxicity modifying factors (TMFs), and uses chronic toxicity data that are an indicator of 
harm from long-term exposure. On the basis of the substances in the group and the 
exposure scenarios considered in the assessment, an acute effects threshold for 
aluminium was not developed. 

Details on the derivation of the FWQG, including the toxicity database, are available in 
ECCC (2022a). In brief, the FWQG proposes a multiple linear regression (MLR) 
approach to account for the influence of the TMFs pH, dissolved organic carbon (DOC), 
and hardness on aluminium toxicity. A pooled MLR relationship was developed between 
toxicity and TMF data for two species, the fathead minnow (Pimephales promelas) (n = 
27) and the water flea (Ceriodaphnia dubia) (n = 32). The pooled MLR relationship was 
then used to normalize the acceptable chronic freshwater toxicity data for all species. 
Endpoints were combined and preferred endpoints were selected for each species 
following the Protocol for the Derivation of Water Quality Guidelines for the Protection of 
Aquatic Life (CCME 2007). The final normalized data set comprised of 52 EC10 
endpoints for 3 fish, 8 invertebrates, and 2 aquatic plants/algae species. Species 
sensitivity distributions (SSDs) were fit for several cumulative distribution functions 
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using maximum likelihood estimation. A model averaged HC5 was established using 
Akaike’s information criterion and, with the slopes of the MLR relationship, the following 
FWQG equation was derived (ECCC 2022a): 

FWQG (μg/L) = 𝑒([0.645×ln(DOC)]+[2.255×ln(hardness)]+[1.95×pH]+[−0.284×(ln(hardness)×pH)]−0.96) 

where DOC is expressed in mg/L, hardness in mg/L as CaCO3, and pH is unitless. Final 
guideline values are rounded to two significant figures. For example, the FWQG at a 
hardness of 50 mg/L as CaCO3, pH 7.5, and DOC concentration of 0.5 mg/L is 
170 μg/L. 

A calculation spreadsheet distributed as Appendix B of ECCC (2022a) was used to 
calculate PNECs for the assessment of the 55 aluminium-containing substances. 
PNECs were not extrapolated beyond the domain of the pooled MLR relationship, and 
the calculator spreadsheet replaces out of domain input values with the lower or upper 
boundary for that parameter, as appropriate. Domain of the pooled MLR includes pH 
from 6.0 to 8.7, DOC from 0.08 mg/L to 12 mg/L, and water hardness from 10 to 430 (as 
mg CaCO3/L) (ECCC 2022a). Highest and lowest possible FWQGs based on model 
limits are not presented due to their limited meaningfulness, given the natural 
autocorrelation of input variables. Instead, representative central tendency values for 
ecozones were used in this assessment when faced with an absence of TMF 
measurements (described further in section 7.2.1 and Table E-2). 

7.1.3 Effects on benthic organisms 

Few toxicity studies on the biological effects of the 55 aluminium-containing substances 
on sediment-dwelling organisms were identified. Similarly, Crane et al. (2007) found the 
same in their work on environmental quality standards. More recently, Stanley et al. 
(2010) published a study on the sediment toxicity of nanoscale and micron-sized 
aluminium oxide. However, micron-sized aluminium oxide resulted in no observed 
toxicity in T. tubifex and H. azteca, and nanoscale aluminium oxide is not within the 
scope of this assessment. Woodburn et al. (2011) conducted a dietary study on 
freshwater crayfish fed aluminium chloride-spiked food (~1.5 g AlCl3/kg food), observing 
an inflammatory response in the hepatopancreas but without an effect on the number of 
circulating hemocytes, hemolymph ion concentrations, or hemolymph protein levels. 
These data could not be used to develop a PNEC for the sediment medium. 

The PSL2 assessment addressed the aluminium substances most implicated in 
potential exposure routes to benthic organisms (for example, drinking water treatment 
or the treatment of eutrophic lakes) (EC, HC 2010). The most significant potential 
effects on the benthic environment were described as the localized physical effects of 
blanketing and smothering benthic communities near the outfall of aluminium-containing 
sludges (EC, HC 2010; Reitzel et al 2013). Studies and reviews published in the 
intervening years remain supportive of the lines of evidence of the previous assessment 
(Wauer and Teien 2010; Landman and Ling 2011; Zamparas and Zacharias 2014). 
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Although the potential for local impacts on benthic organisms exists, there are relatively 
few reports of such damage, and available studies summarized in the PSL2 
assessment did not observe adverse effects, or they demonstrated only low, temporally, 
and spatially limited effects (Lin et al. 1984; Lin 1989; George et al. 1991; George et al. 
1995). Field studies of the potential effects on benthic organisms of eutrophic lake 
treatments using aluminium substances were also summarized, demonstrating minimal 
long-term effects (Connor and Martin 1989; Narf 1990; Smeltzer 1990). 

7.1.4 Effects on terrestrial plants and soil-dwelling organisms 

Measurements of total aluminium can provide useful information for soil characterization 
with respect to the mineralogical composition and weathering of soil (Bertsch and Bloom 
1996). However, for expressing effects on soil-dwelling organisms, total aluminium 
measurements are rarely useful due to the absence of correlation with observed toxicity 
(Mulder et al. 1989; US EPA 2003). To better incorporate bioavailability, many studies 
measure an “exchangeable” or “extractable” aluminium, operationally defined on the 
basis of a number of extracting agents of varying strength (for example, 1 M KCl, 1 M 
NH4Cl, 0.01 M CuCl2). A review of the literature regarding these methods determined 
that extraction by CaCl2 (0.01 M to 0.02 M) was the most appropriate for developing an 
aluminium effects threshold for the purposes of this assessment. Briefly, Shuman 
(1990) indicated that the activity of Al3+ in soil solution, aluminium saturation of the CEC, 
and 0.01 M CaCl2-extractable aluminium were all well related to plant growth, with 
CaCl2-extractable being the easiest to measure in the laboratory. Hoyt and Nyborg 
(1987) demonstrated that correlation with yield responses of barley and rapeseed was 
highest with 0.02 M CaCl2-extractable aluminium for soils above pH 5. Wright et al. 
(1989) also identified CaCl2 as a superior extractant for predicting aluminium 
phytotoxicity due to better correlation with free Al3+ activity. CaCl2 extraction is 
becoming a method of choice in other jurisdictions for the determination of extractable 
aluminium in soils (Government of South Australia 2016; Venter 2017). 

No classical guideline-based phytotoxicity studies were identified for the 55 aluminium-
containing substances. However, multiple soil toxicity thresholds for aluminium, related 
largely to phytotoxicity determined instead by hydroponic and soil solution studies, have 
been published in the literature. For example, Hoyt et al. (1974) demonstrated little 
response of barley to lime when acidic Canadian soils contained between 1 mg/kg and 
2 mg/kg extractable aluminium. Hoyt and Nyborg (1972) noted reductions in barley 
grain yield, while McKenzie and Nyborg (1984) observed impairment of alfalfa and 
barley root growth, when CaCl2-extractable aluminium concentrations were between 
2 mg/kg and 3 mg/kg (Singleton et al. 1987). In New Zealand, a threshold concentration 
of CaCl2-extractable aluminium for toxicity to sensitive pasture legumes in the plant root 
zone has been suggested as 3 mg/kg (Moir and Moot 2014; Moir et al. 2016, 2018; 
Whitley et al. 2016). Additionally, the Government of South Australia (2016) suggested 
a low phytotoxicity potential when CaCl2-extractable aluminium concentrations are less 
than 2 mg/kg. Overall, this information indicates that for terrestrial plants, soil toxicity 
thresholds for CaCl2-extractable aluminium fall in the range of 1 mg/kg to 3 mg/kg. 



 

20 

While extensive empirical studies (albeit hydroponic studies, not classical terrestrial 
toxicity studies) are available on the chronic toxicity of aluminium to plants, a more 
modest data set exists for soil invertebrates. Several of the available studies were 
evaluated and summarized in the PSL2 assessment of three aluminium salts and its 
supporting document (Bélanger et al. 1999; van Gestel and Hoogerwerf 2001; EC, HC 
2010). A literature update was conducted to identify additional toxicity studies on soil 
invertebrates, with further details provided in Appendix F. For soil invertebrates, the 
most sensitive, statistically derived endpoints for earthworms were LC50 values ranging 
from 316 mg/kg to 457 mg/kg in acidic soils and to 532 mg/kg in neutral soils, both 
expressed as total aluminium (van Gestel and Hoogerwerf 2001; Zhao and Qui 2010). 
The use of the acute-to-chronic approach is less certain for soil toxicity than it is for 
aquatic toxicity, but extrapolating from acute median mortality to chronic sub-lethal low 
effect concentrations (for example, a factor of 10) would result in concentrations of 29 
mg/kg to 53 mg/kg considering the most sensitive endpoints in Appendix F. A result of 
similar magnitude would be found extrapolating from median to low-level effects (for 
example, a factor of 5) on the EC50s for cocoon production also reported by van Gestel 
and Hoogerwerf (2001). Both predictions would be in agreement with supporting 
evidence presented in the other available invertebrate studies (for example, Rundgren 
and Nilsson 1997; Tejada et al. 2010), summarized in Appendix F.  

For comparison between the invertebrate toxicity data (based on total aluminium) and 
the phytotoxicity data (based on CaCl2-extractable aluminium), it is important to note 
that Zhao and Qui (2010) also indicated that the LC50 of 532 mg/kg, on the basis of total 
aluminium, corresponded to 1.7 mg/kg of monomeric aluminium and 2.5 mg/kg of water-
soluble aluminium. Van Gestel and Hoogerwerf (2001) also reported CaCl2-extractable 
aluminium concentrations on the order of 21 mg/kg in the control to 41 mg/kg in the first 
treatment group. However, these concentrations were determined using a substantially 
more concentrated extractant (1 M CaCl2), which should have extracted a larger 
proportion of aluminium, making comparisons difficult relative to the 0.01 M CaCl2 to 
0.02 M CaCl2 extractions noted above.  

Therefore, as a conservative assumption, it is proposed that the soil PNEC for terrestrial 
organisms (plants and invertebrates) is 1 mg/kg to 3 mg/kg CaCl2-extractable 
aluminium. Separate assessment factors accounting for species variation of mode of 
action were not applied for the soil PNEC, given the incorporation of bioavailability and 
the breadth of species considered in the derivations of thresholds described above. 

7.2 Ecological exposure assessment 

Ecological exposure scenarios were developed for the industrial activities corresponding 
to the largest quantities in commerce according to information submitted in response to 
CEPA section 71 surveys (section 4) and corresponding to the largest reported releases 
reported to the NPRI (section 5). Exposure scenarios were therefore developed for: 1) 
primary aluminium manufacturing, 2) cement manufacturing, 3) metal mining, 4) electric 
power generation, and 5) pulp, paper and paperboard mills. Exposure characterizations 
for these sectors were based on measured concentrations in receiving and reference 
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environments when data were available, or they were based on modelled 
concentrations from effluent monitoring, reported loading rates, or emission factors. 
Owing to the typically remote location of facilities in these sectors, modelled exposures 
assumed “direct” discharge to the receiving environment following any on-site 
treatment. In other words, exposures were not assumed to aggregate at common 
wastewater treatment systems for “indirect” discharge via releases to sewer systems. 
Predicted environmental concentrations (PECs) generated from these five scenarios are 
presented as supporting information (ECCC 2020a). Although not presented here, 
predictive models using generic exposure scenarios that are based on quantity and use 
information submitted in response to surveys were used to estimate exposures from 
other sectors (ECCC 2020b). 

Measured surface water concentrations from a number of federal, provincial, and 
territorial programs were also used to estimate exposure. For certain sectors, sites from 
the Federal Water Quality Monitoring Network (FWQMN) have been associated with 
estimated land use classifications for the respective drainage area, which has added to 
the weight of evidence. 

7.2.1 Background concentrations and toxicity modifying factors  

Ranges and quantiles of measured ambient total aluminium concentrations in Canadian 
surface waters by province and territory, and for the Great Lakes, are presented in the 
FWQG (ECCC 2018, 2022a). Ranges of ambient concentrations for each province or 
territory were very large, spanning up to five orders of magnitude. However, interquartile 
ranges generally spanned only one order of magnitude. 

Background concentrations of total aluminium in surface waters pertaining to specific 
Canadian terrestrial ecozones were also estimated by Kilgour & Associates (2016). 
Samples considered to be in reference condition by the conductivity-alkalinity approach 
outlined in Kilgour & Associates (2016) and Proulx et al. (2018) were used to calculate 
median background concentrations for use in exposure modelling. Data from a variety 
of federal and provincial surface water quality monitoring programs and other 
repositories were used for these calculations. Non-detects were substituted with one-
half of the reported detection limit. This had a negligible impact on the analysis, given a 
total aluminium detection frequency of approximately 99%. Data sources and median 
background concentrations used in exposure modelling are presented in Appendix E 
(Table E-1). 

The chronic MLR-based FWQG for total aluminium incorporates data for three TMFs: 
pH, DOC, and total hardness. For assessing aluminium exposures, paired TMF 
measurements were preferred in all analyses where available, followed by TMF data 
from the same monitoring station (that is, station averages). When neither of these were 
available, representative values for the ecozone were used. Representative ecozone 
TMF data were derived using data identified as being in reference condition by the 
approach above (Proulx et al. 2018). Geometric means for total water hardness, DOC, 
and hydronium ion concentration (that is, mean of pH) were calculated as a 
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representative measure of central tendency since these parameters typically follow log-
normal distributions in the environment (Appendix E, Table E-2).  

7.2.2 Primary aluminium manufacturing 

An exposure scenario was developed for the primary aluminium manufacturing sector, 
using daily effluent monitoring data from 2011 for all 10 facilities that are currently 
engaged in primary aluminium manufacture (personal communication, data collected by 
the Mining and Processing Division, Environment and Climate Change Canada [ECCC], 
shared with the Ecological Assessment Division, Environment and Climate Change 
Canada, dated July 2019; unreferenced). The majority of the facilities reported effluent 
flow on a daily basis as well as measured aluminium concentrations three times per 
week, on average. However, one facility provided monthly averages, while another 
provided only an annual average concentration for composite and grab samples. 

PECs were calculated from these effluent concentrations (Ceff) and effluent flow data 
(Reff) using a conservative local exposure scenario. Briefly, PECs were calculated as:  

𝑃𝐸𝐶 (μg/L) = Cb (μg/L) + (
Ceff (μg/L) − Cb (μg/L)

Rf (L/d) Reff (L/d)⁄
) 

where Rf is the 10th percentile receiving river flow that was obtained from the nearest 
hydrometric monitoring station (HYDAT database, ECCC 2020c), and Cb is the median 
background total aluminium concentration for the respective ecozone. As a standard 
approach, the effective dilution factor was limited at a value of 10, and an effective 
dilution factor of 10 was used for large lakes. Since TMFs in the receiving environments 
required to calculate corresponding PNECs were not reported, ecozone values were 
used (section 7.2.1). 

7.2.3 Cement manufacturing 

Wet kilns no longer operate in Canada (personal communication, Mining and 
Processing Division, Environment and Climate Change Canada, July 23, 2019; 
unreferenced; US EPA 1995). However, cement plants generate effluents through other 
activities, including the eventual disposal of re-used cooling water, cleaning of 
equipment and yards, dust suppression, and rainwater leachate from storage piles 
(CANMET and Radian Canada 1993; PCA 2006). 

No recently measured concentrations in either the effluents or receiving environments of 
cement manufacturing facilities were identified. An emission factor approach was 
therefore applied to characterize exposure. A published emission factor for aluminium in 
liquid effluents ranged from 0.04 g/tonne to 1.08 g/tonne (average: 0.48) of cement 
produced, and concentrations ranged from 0.05 mg/L to 0.29 mg/L (average: 0.16) of 
effluent, on the basis of monitoring data from facilities in Ontario in the early 1990s 
(CANMET and Radian Canada 1993). The emission factor was calculated using the 
relatively low capacity utilization of the early 1990s (~60%). This emission factor was 
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revised in 2005 using the same monitoring data but was derived using higher capacity 
utilization values relevant to the late 1990s and early 2000s (~90%). The emission 
factor for aluminium in liquid effluents in this update ranged from 0.02 g/tonne to 0.61 
g/tonne (average: 0.28) of cement manufactured, and concentrations ranged from 0.05 
mg/L to 0.29 mg/L (average: 0.15) of effluent (Cement Association of Canada 2005).  

As a conservative initial assumption, due to potential fluctuations in capacity and 
capacity utilization in more recent years, and in the absence of any other data, both the 
average and worst-case production-based emission factors and concentrations from 
CANMET and Radian Canada (1993) were used to calculate PECs. Cement production 
was estimated from USGS (2015) for all facilities in Canada, except for one which had 
commenced production more recently. Production from this facility was estimated from 
publicly available company literature. Annual days of operation were averaged from 
operational schedules minus the total number of shutdown days reported to the NPRI 
from 2013 to 2017. 

Under Ontario Regulation 561/94, Effluent Monitoring and Effluent Limits – Industrial 
Minerals Sector (Ontario 1990a), some of the cement plants located in Ontario are 
required to report monthly effluent flow rates (among other parameters) to the Ontario 
Ministry of the Environment, Conservation and Parks. Average flow data between 2012 
and 2016 were analyzed for each reporting facility (Ontario 2019). To estimate effluent 
flows for other Ontario facilities and facilities located elsewhere in Canada, an average 
value of effluent flow per tonne of production capacity at the reporting facilities was 
applied (Reff). Average and worst-case PECs for each facility were calculated using both 
the production-based emission factor approach and effluent concentrations (Ceff) as: 

𝑃𝐸𝐶 (μg/L) = Cb (μg/L) + (

Emission factor (μg/t) × Production (t/y)
Days of operation (d/y) × Reff (L/d)

− Cb (μg/L)

Rf (L/d) Reff (L/d)⁄
) 

and: 

𝑃𝐸𝐶 (μg/L) = Cb (μg/L) + (
Ceff (μg/L) − Cb (μg/L)

Rf (L/d) Reff (L/d)⁄
) 

where Rf, the 10th percentile receiving river flow, and Cb, the median background 
aluminium concentration for the ecozone, were obtained as described above (sections 
7.2.1 and 7.2.2). As a standard approach, the effective dilution factor was limited at a 
value of 10. TMFs in the specific receiving environments required to calculate 
corresponding PNECs were not reported and, therefore, ecozone values were used 
(section 7.2.1). 
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7.2.4 Metal mining 

Viable deposits of bauxite ores do not presently exist in Canada (NRCan [modified 
2022]). However, the potential for the incidental mobilization of aluminium from ores, 
overburden, or via processing activities at metal mines, coupled with large releases 
reported to the NPRI (relative to most other sectors, Figure 5-1) suggested the need to 
develop an exposure scenario for this sector. Ore extraction and concentration 
operations generate dust, which may escape and deposit nearby, and effluents, which 
may be stored in tailings ponds or treated and released to surface waters.  

Canadian metal mines subject to the Metal and Diamond Mining Effluent Regulations 
(MDMER) under the Fisheries Act (Canada 2022) must conduct effluent and water 
quality monitoring under environmental effects monitoring (EEM), including 
measurement of total aluminium. While the mine is depositing effluent, water quality 
monitoring studies must be completed four times per year, with samples at least one 
month apart, in exposure areas surrounding the point of entry of effluents in receiving 
waters from each final discharge point (FDP) and from the related reference areas. 
According to the MDMER, “exposure area” means all fish habitat and waters frequented 
by fish that are exposed to effluent, whereas “reference area” means water frequented 
by fish that is not exposed to effluent and that, as far as practicable, is most similar to 
that of the exposure area (Canada 2022). 

When effluents are deposited to freshwater or estuarine waters, pH and hardness are 
among the required parameters to be measured and reported for water quality 
monitoring, and these paired data were used as FWQG inputs to calculate PNECs 
corresponding to each total aluminium measurement. Although DOC is not a required 
parameter, measured values were still reported for approximately 10% of the data set. 
Therefore, most DOC values and missing pH and hardness values were substituted 
with station averages or ecozone values, according to the order of preference described 
above (section 7.2.1).  

Concentrations of total aluminium measured between 2013 and 2017 in surface water 
samples from exposure and reference areas, as submitted to Environment and Climate 
Change Canada under the MDMER and EEM program, were analyzed. Additional data 
for selected FDPs from 2018 were extracted from available interpretive reports (EEM 
2020). A total of 6118 total aluminium measurements were available, comprising 3281 
exposure area measurements and 2837 reference area measurements (EEM 2018, 
2020). Non-detects were replaced with one-half the reported detection limit, but with a 
detection frequency of greater than 95% across the data set, the choice of method for 
addressing non-detects had no significant impact on the analysis. 

Total aluminium concentration data were available for a total of 189 FDPs belonging to 
128 facilities. Summary statistics for total aluminium concentrations in exposure and 
reference areas for masked FDPs are available as supporting information (ECCC 
2020a). In summary, exposure areas receiving metal mining effluents were not 
systematically increased in total aluminium concentrations relative to corresponding 
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reference areas. In most cases, median and average total aluminium exposure 
concentrations were evenly distributed above and below one when divided by their 
corresponding median and average reference concentrations (for example, “enrichment 
factors”), although the full distributions were somewhat skewed (Figure 7-1). Differences 
in median pH between exposure and reference sites were very modest on average, with 
exposure sites tending to be slightly more alkaline than the corresponding reference 
site. Overall, these data suggest a large natural (for example, seasonal) variability in 
measured total aluminium concentrations but do not preclude the potential for higher 
aluminium enrichment at certain sites, as suggested by the lognormal distributions in 
Figure 7-1. 

 

Figure 7-1. Total aluminium mean and median concentrations in exposure areas 
divided by corresponding concentrations in reference areas 

7.2.5 Electric power generation 

Under Ontario Regulation 215/95, Effluent Monitoring and Effluent Limits – Electric 
Power Generation Sector (Ontario 1990b), facilities in the electric power generation 
sector are required to report total aluminium loadings and effluent flow rates (among 
other parameters) to the Ontario Ministry of the Environment, Conservation and Parks. 
This data set includes representation from facilities using a variety of fuel types—
nuclear, natural gas, oil, biomass, and coal—and was considered appropriate for read-
across to facilities in other provinces. Monthly total aluminium loading and effluent flow 
data between 2012 and 2016 were analyzed for each reporting facility (Ontario 2019). 
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Since the regulation requires loadings to be determined from analytical results, monthly 
PECs for each facility were calculated as: 

𝑃𝐸𝐶 (μg/L) = Cb (μg/L) + (

Maximum loading (μg/d)
Reff (L/d)

− Cb (μg/L)

Rf (L/d) Reff (L/d)⁄
) 

where Reff is the monthly average of daily effluent flows, Rf is the 10th percentile 
receiving river flow, and Cb is the median background total aluminium concentration for 
the respective ecozone, obtained as described above (sections 7.2.1 and 7.2.2). As a 
standard conservative approach, the effective dilution factor was limited at a value of 
10. Ecozone TMF values were used to calculate corresponding PNECs (section 7.2.1). 

The Ontario (2019) data set does include some representation from coal-powered 
facilities. Although potential impacts from co-located coal mining complicate 
interpretation, water quality surveys conducted by the Alberta Ministry of the 
Environment at Wabamun Lake in 2002 and 2005 were also considered as a further 
realistic worst-case scenario for coal-powered generation facilities (Alberta Environment 
2002, 2003a, 2006). Representative TMF values for calculating local PNECs were 
determined from Wabamun Lake water quality surveys conducted between 1999 and 
2001 (Alberta Environment 2003b) and were notably similar to the representative values 
derived for the Boreal Plains ecozone. 

7.2.6 Pulp and paper 

The Canadian pulp and paper sector includes facilities (mills) that produce a range of 
products including paper, cardboard, newsprint, and pulp. These mills are subject to the 
Pulp and Paper Effluent Regulations (PPER) under the Fisheries Act (Canada 2018b). 
Effluent monitoring and Environmental Effects Monitoring (EEM) are conducted under 
Schedules II and IV.1 of the PPER, respectively. There is no requirement for mills to 
report aluminium concentrations in effluent or receiving areas. However, aluminium 
concentrations and concentrations of other metals are often measured as part of the 
“Investigation of Cause” phase after adverse effects of effluents have been observed 
(Environment Canada 2010).  

Total aluminium concentrations in exposure and reference areas were identified from 
EEM interpretive reports for eight facilities between 2009 and 2018. Total aluminium 
non-detects were substituted with one-half the reported detection limit. This had limited 
impact on the analysis with a detection frequency of approximately 95% across the data 
set. Across eight facilities, 81 measurements in exposure areas and 48 measurements 
in reference areas were identified. Each facility reported at least one reference value. 
Corresponding pH, hardness, and DOC measurements were also collected or replaced 
with representative ecozone values when not reported in order to calculate aquatic 
PNECs. Measured pH and hardness were usually available (that is, <5% missing), while 
measured DOC was only available for about one-third of this data set. 
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Additionally, the National Council for Air Stream Improvement (NCASI) provided effluent 
and ambient (primarily raw intake) water quality measurements (NCASI 2020). Thirty 
facilities representing two mill process categories (mechanical and chemical pulping), 
different wood fibre sources, and covering four provinces and four ecozones 
participated in a sampling campaign (August 2018 to January 2019) and study 
sponsored by Canadian pulp and paper facilities, which was designed, coordinated, and 
managed by NCASI. Total and dissolved aluminium concentrations in effluent as well as 
aluminium, pH, and hardness in ambient waters were available in samples from 27 mills 
(16 chemical and 11 mechanical). Concentrations from three samples were provided for 
all but one of these mills. The effluent total aluminium concentrations within a mill were 
quite uniform, whereas the ambient concentrations were somewhat more variable. 
Therefore, PECs were calculated for each mill from their respective average total 
aluminium concentrations (Ceff) as follows: 

𝑃𝐸𝐶 (μg/L) = Cb (μg/L) + (
Ceff (μg/L) − Cb (μg/L)

Rf (L/d) Reff (L/d)⁄
) 

where Cb was the average total aluminium concentration reported for the ambient 
(primarily raw intake) water, Reff is the effluent flow, and Rf is the 10th percentile 
receiving river flow, as described above (sections 7.2.1 and 7.2.2). Cb was unavailable 
for one mill and was substituted with the corresponding ecozone median value. 
Although process type and ecozone were provided, specific facility identities were 
masked in NCASI (2020), rendering correlated values of Reff and Rf unavailable. 
However, data collected for other recent assessments indicate that the vast majority of 
direct discharging pulp and paper mills are subject to the standard maximum effective 
dilution factor of 10. Therefore, the term Rf/Reff in the equation above was replaced with 
a factor of 10 to calculate PECs for this sector. pH and hardness measurements for the 
ambient water were available as input TMFs for PNEC calculation. Because DOC 
measurements were not included in the study, representative ecozone values were 
used (section 7.2.1). 

7.2.7 Canadian long-term surface water quality monitoring data 

Land use classifications linked to certain monitoring stations in the Federal Water 
Quality Monitoring data set were available. These classifications considered variables 
such as population density, percentage of cropland, forest loss, and the number of 
facilities from the mining, forestry, oil sands, and shale gas sectors per unit area within 
the drainage area (Canada [modified 2017a]). For example, PECs classified on the 
presence of a facility in the same drainage area as a monitoring station provide 
somewhat less confidence than the facility-specific exposure characterizations 
described above, but they were still characterized for their contribution to the overall 
weight-of-evidence. Long-term water quality monitoring data for total aluminium from the 
most recent five years available in the data set (2011 to 2015) for stations with land use 
classifications were analyzed (personal communication, data prepared by the Water 
Quality Monitoring and Surveillance Division for the Ecological Assessment Division, 
Environment and Climate Change Canada [ECCC], dated February 17, 2016; 
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unreferenced). If paired measurements of pH, hardness, and DOC were not available in 
the data set, they were estimated using representative station values or ecozone values 
in the order of preference described above (section 7.2.1). 

7.2.8 Bioavailable aluminium in Canadian soils 

Most of the aluminium discharged from wastewater treatment systems is associated 
with sludge (Cheminfo Services 2008). Approximately one-third of this sludge is sent to 
landfill, while two-thirds are converted and applied to farmland, representing a 
significant source of anthropogenic aluminium exposure to agricultural soils in Canada 
(EC, HC 2010). 

Bergman and Boots (1997) studied the potential for an increase in bioavailable 
aluminium in sludge-amended soils, finding that the application of 75 tonnes per hectare 
of alum sludge did not result in higher levels of the acid-extractable aluminium relative 
to control. Kluczka et al. (2017) found that, while total aluminium concentrations in alum 
sludge were 10 times higher than in fermented sewage sludge, the BaCl2-extractable 
aluminium concentrations in soil mixed with alum sludge were similar to the BaCl2-
extractable aluminium concentrations in untreated soil. In contrast, Novak et al. (1995) 
found that acidic (pH 4.7 and 5.5) soils had higher concentrations of extractable 
aluminium after application of wastewater treatment system residuals compared to 
before. However, in a separate experiment, Novak et al. (1995) found no differences 
between the control and an acidic forest soil plot treated with a much more concentrated 
alum sludge after 30 months. Aluminium concentrations in seeds (Bergman and Boots 
1997) and plants (Oladeji et al. 2006) from alum sludge-amended soils were not 
statistically different from those in control soil. According to Novak et al. (1995), 
statistical differences in aluminium concentrations were seen in corn, but not wheat or 
loblolly pine, grown on alum sludge-amended acidic soils compared to control. 

High application rates of alum sludge, beyond what would be currently permissible in 
Canada, were used in most of the studies described above. Additionally, applications 
were most often made to soils more acidic than would be permitted in a sludge 
application scenario. For example, Oladeji et al. (2006) used an application rate 
approximately double, and Bergman and Boots (1997) used a rate approximately triple, 
that which would be allowed under the highest numerical maximum application rate 
found in Canada of 25 tonnes/hectare (once every three years) (Alberta Environment 
2001). In addition, sludge application is usually only permitted when the pH is greater 
than 6.0 or when liming is done, if necessary (OMEE and OMAFRA 1996). 

7.3 Characterization of ecological risk 

The approach taken in this ecological assessment was to examine assessment 
information and develop proposed conclusions using a weight-of-evidence approach 
and precaution. Evidence was gathered to determine the potential for the 55 aluminium-
containing substances to cause harm in the Canadian environment. Lines of evidence 
considered include those evaluated in this assessment that support the characterization 
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of ecological risk in the Canadian environment. Secondary or indirect lines of evidence 
are considered when available, including regulatory decisions and classification of 
hazard or fate characteristics made by other regulatory agencies. The potential for 
cumulative effects was considered in this assessment by examining cumulative 
exposures to total aluminium.  

7.3.1 Risk quotient analysis 

Risk quotient (RQ) analyses were performed by comparing the various realistic worst-
case estimates of exposure and available measured environmental concentrations 
(PECs; see the Ecological Exposure Assessment section) with ecotoxicity information 
(PNECs; see the Ecological Effects Assessment section) to determine whether there is 
potential for ecological harm in Canada. Aquatic PNECs were calculated using the 
chronic MLR-based FWQG for the protection of aquatic life (ECCC 2022a) and paired 
TMF measurements for each total aluminium PEC, or substituted representative station 
or ecozone values if paired measurements were unavailable. RQs were calculated for 
the aquatic compartment by dividing PECs by the corresponding PNECs for the 
exposure scenarios described in section 7.2. Specifically, RQs were calculated for the 
aquatic compartment (surface freshwaters) for: 1) primary aluminium manufacturing, 2) 
cement manufacturing, 3) metal mining, 4) electric power generation, and 5) pulp, paper 
and paperboard mills. RQs associated with land use classifications from the Federal 
Water Quality Monitoring data set were also used to support the weight of evidence.  

Box plots were generated to display the distribution of aluminium RQs at the facility 
level, where possible. The lower and upper edges of the box represent the first and third 
quartiles (Q1 and Q3, the 25th and 75th percentiles, respectively). The horizontal line 
within the box represents the median value (Q2, the 50th percentile). The mean is 
shown as an “x” within the box. The difference between the first and third quartiles is 
called the interquartile range (IQR). The upper whisker extends to the lowest data point 
that is within Q3 + 1.5 IQR, while the lower whisker extends to the largest data point that 
is within Q1 − 1.5 IQR. Individual data points outside of those ranges are represented 
by filled circles. Values outside of 1.5 ×IQR are considered “outliers” by some 
definitions, but statistical tests for outliers were not performed. 

Primary aluminium manufacturing (smelting): Ecological risk characterization for this 
scenario was based on PECs modelled from 2011 effluent monitoring data and PNECs 
generated from ecozone values of TMFs. The distribution of resulting risk quotients is 
presented in Figure 7-2. For this sector, RQs were generally low, with only 0.4% of the 
approximately 1600 measurements representing a PNEC exceedance. Noting the 
conservative assumptions in the PEC calculation, Figure 7-2 demonstrates that there is 
low potential for ecological risk for aluminium from the primary aluminium smelting 
sector. 
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Figure 7-2. Primary aluminium smelting risk quotients for 10 facilities using 
effluent monitoring from 2011 

Cement manufacturing: Limited data were available to generate aluminium RQs for the 
cement manufacturing sector. An emission factor approach was followed to estimate the 
amount of aluminium in cement plant effluents per unit of production (CANMET and 
Radian Canada 1993). The amount of effluent produced per tonne of cement production 
was estimated from data reported by 4 cement plants to the Government of Ontario 
(Ontario 2019) and was found to be comparable to other estimates (PCA 2006; Bezerra 
2014). Covering most of the distribution of production capacities in Canada, these 4 
cement plants were considered to be representative, and the ratio was applied to the 
other 15 currently active cement plants to estimate their effluent flow rates. Additionally, 
effluent concentrations from Ontario facilities in the early 1990s were used to calculate a 
second set of average and reasonable worst-case PECs. Aquatic PNECs were 
calculated for representative ecozone values of aluminium TMFs. Risk quotients for all 
cement plants with both average and reasonable worst-case emission factors and 
concentrations were generally low (Table 7-1). 

Table 7-1. Summary of average and reasonable worst-case risk quotients 
obtained for cement manufacturing plants in Canada  

Scenario 
Minimum 

RQ 
Q1 RQ 

Average 
RQ 

Median 
RQ 

Q3 
RQ 

Maximum 
RQ 

Average, 
production-based 
emission factor 

0.030 0.036 0.14 0.13 0.14 0.53 
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Scenario 
Minimum 

RQ 
Q1 RQ 

Average 
RQ 

Median 
RQ 

Q3 
RQ 

Maximum 
RQ 

Worst case, 
production-based 
emission factor 

0.041 0.056 0.21 0.19 0.28 0.65 

Average, effluent 
concentration 

0.032 0.032 0.13 0.098 0.13 0.51 

Worst case, effluent 
concentration 

0.042 0.042 0.17 0.15 0.19 0.57 

Abbreviations: RQ, risk quotient; Q1, first quartile (25th percentile); Q3, third quartile (75th percentile) 
 

Metal mining: Ecological risk characterization for the metal mining sector used surface 
water quality monitoring data submitted to the MDMER EEM program for samples 
collected from 2013 to 2017 (EEM 2018). The PECs consisted of measured total 
aluminium concentrations from effluent receiving environments (that is, exposure areas) 
and corresponding reference areas of metal mining facilities. Aquatic PNECs were 
calculated as described in section 7.2.4 with both exposure and reference area TMFs. 
Risk quotients were calculated for 189 FDPs belonging to 128 metal mining facilities. 
Approximately two-thirds of the exposure sites and one-half of the reference sites had 
no PNEC exceedances. To narrow down the number of metal mining exposure sites for 
closer analysis, a “frequency of exceedance differential” was calculated as the 
difference between the frequency of PNEC exceedance at the exposure site and the 
frequency of exceedance at the corresponding reference site.  

Figure 7-3 presents a histogram of the differences in the frequency of PNEC 
exceedances for exposure sites where the sample size was greater than 10 and the 
median concentration of aluminium was greater than the median concentration in the 
corresponding reference. 
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Figure 7-3. Frequency of PNEC exceedance at metal mining exposure sites (final 
discharge points) minus the frequency of PNEC exceedance at corresponding 
reference sites (%) 

Figure 7-3 indicates that for the clear majority of FDPs, the frequency of PNEC 
exceedance in the exposure area is quite similar to the frequency of exceedance in the 
reference area. However, the histogram indicates that there are a small number of sites 
with a comparatively large frequency of exceedance differentials. In addition to sample 
size and enrichment of aluminium concentrations, further site selection criteria were 
applied. Specifically, the median and 95th percentile exposure RQs must exceed the 
corresponding median and 95th percentile reference RQs, respectively, and the 95th 
percentile exposure RQ must be greater than 1. Finally, the frequency of exceedance 
differential must be greater than 0% (that is, the PNEC must have been exceeded more 
often in the exposure area than it was in the corresponding reference area). Application 
of these criteria reduced 189 exposure sites to 6 sites of potential interest (3%). The 
distributions of total aluminium concentrations and corresponding RQs at the 6 sites are 
presented in Figure 7-4 and Figure 7-5.   
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Figure 7-4. Measured total aluminium concentrations (µg/L) in exposure and 
reference areas for selected metal mining sites subject to the MDMER from 2013 
to 2017 (EEM 2018) 
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Figure 7-5. Risk quotients for selected metal mining sites subject to the MDMER 
from 2013 to 2017 (EEM 2018) 

For the majority of the selected sites, the magnitude of RQs are relatively low. Sites F-1 
and F-2 demonstrated some potential for ecological concern with relatively frequent 
exceedances in the exposure area but no exceedances in the corresponding reference 
areas. Interestingly, the median reference concentration for F-1 is less than half of the 
5th percentile of the anticipated background concentration for its ecozone. Although 
perhaps statistically anomalous, this would typically magnify the concern with respect to 
the anthropogenic contribution at the corresponding exposure area. However, F-1 has 
been considered on suspended operations, and care and maintenance since 2013 
(EEM 2020). Total aluminium concentrations in the effluent for F-1 during de-watering 
activities were approximately half non-detects and are generally much lower in 
magnitude than concentrations reported for the exposure area (EEM 2020).  

Conversely, total aluminium concentrations for the F-2 reference are in close agreement 
with expected background concentrations for its respective ecozone. However, closer 
inspection of the most recent EEM interpretive report for F-2 indicated a surprising 
trend, with the concentrations of total aluminium in the receiving area being about an 
order of magnitude more concentrated than in its effluent, while hardness, alkalinity, and 
concentrations of other metals such as cadmium were being substantially diluted (EEM 
2020). Approximately one-third of the measurements for the F-2 exposure area were 
outside of the pH domain of the MLR; all were too acidic, several by more than an order 
of magnitude (that is, pH ≤5). More than half of the RQs greater than 1 for the F-2 
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exposure area were associated with pH inputs below the domain of the MLR. In the F-2 
reference area, pH was circumneutral and all measurements were within the domain of 
the MLR. Additionally, although water hardness was quite low, it was within the lower 
limits of the model. Comparing the exposure PEC to the reference PNEC resulted in 
fewer exceedances (ECCC 2020a), which suggests a broader potential pH issue at this 
site, rather than an aluminium-specific concern. 

Given these considerations for the F-1 and F-2 exposure areas and noting that these 
sites represent a small fraction of the sector, these RQs provide insufficient evidence of 
ecological concern from the metal mining sector for aluminium. 

Electric power generation: Risk quotients for the electric power generation sector were 
calculated from two sources. Firstly, from monthly total aluminium effluent loading and 
flow-rate data submitted to the Government of Ontario, covering reporting years from 
2012 to 2016 (Ontario 2019). This data set was considered representative for Canada 
and included representation from electric power generation from a variety of fuel types: 
nuclear, natural gas, oil, biomass, and coal. Calculated RQs are presented in Figure 7-6 
and suggest a low potential for ecological concern in the aquatic compartment. 

 

Figure 7-6. Risk quotients for electric power generation facilities between 2012 
and 2016 (Ontario 2019) 
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The second source of risk quotients was the set of water quality monitoring studies from 
Wabamun Lake and a limited number of measurements in surrounding lakes (Alberta 
Environment 2002, 2003a, 2003b, 2006). Although somewhat dated and potentially 
confounded by the co-location of coal mining, these measured concentrations remain a 
reasonable worst-case scenario for the ecological risk characterization of coal-powered 
generation facilities. Although a small number of aluminium RQs in Wabamun Lake 
were slightly elevated relative to nearby lakes, low risk quotients were observed across 
the data set (Table 7-2). 

Table 7-2. Summary of risk quotients in the Wabamun Lake area, Alberta  

Location Sample 
size 

Minimum 
RQ 

Q1 RQ Average 
RQ 

Median 
RQ 

Q3 
RQ 

Maximum 
RQ 

Nearby 
lakes 

8 0.0018 0.0028 0.0085 0.0057 0.010 0.027 

Wabamun 
Lake 

125 0.0011 0.0075 0.021 0.010 0.018 0.22 

Abbreviations: RQ, risk quotient; Q1, first quartile (25th percentile); Q3, third quartile (75th percentile) 

Pulp and paper: Ecological risk characterization for the pulp and paper sector was 
based on two sources of information: reporting of aluminium concentrations in 
interpretive reports submitted to the EEM program under the PPER (Canada 2018b), 
and a voluntary sampling campaign and study organized by NCASI (2020).  

Risk quotients calculated from data submitted to the EEM program under the PPER are 
presented in Figure 7-7. Of the eight facilities for which data were identified, only F-2 
and F-3 demonstrated a high frequency of PNEC exceedances. However, concomitant 
exceedances in the respective reference areas suggest a low level of ecological 
concern. Furthermore, if only the most recent year of available data for F-3 are 
examined (n = 3), the risk quotients for exposure (average: 1.1) and reference (average: 
1.3) areas are very similar.  
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Figure 7-7. Risk quotients for pulp and paper facilities reporting aluminium 
concentrations to EEM under the PPER (Canada 2018b) 

Risk quotients for the pulp and paper sector were also calculated from effluent and 
ambient water quality monitoring data submitted on samples collected from 27 
Canadian mills from August 2018 to January 2019 (NCASI 2020). Mill-specific PNECs 
were calculated using pH and hardness data for the respective ambient waters and 
representative ecozone DOC values. RQs for the modelled exposure and ambient 
areas are presented in Figure 7-8. RQs were generally low and, at most, only very 
modestly increased in the estimated exposure areas relative to the corresponding 
ambient (primarily raw intake) waters, suggesting a low potential for ecological risk. 
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Figure 7-8. Pulp and paper sector risk quotients for 27 facilities releasing 
aluminium from August 2018 to January 2019 (NCASI 2020) 

Canadian long-term surface water quality monitoring: To support the weight of 
evidence, aluminium RQs were calculated from long-term water quality monitoring data 
from 2011 to 2015 for stations with land use classifications available. Long-term water 
quality monitoring stations were assigned an approximate land use classification 
considering factors in the drainage basin. These included the percentage of cropland 
(>20%) and livestock intensity; the number of mines, mineral projects, and pulp, paper, 
or saw mills (either 0 or >0); the presence of upstream oilsands or shale gas areas; and 
the population density (<10 people/km2 and >25 people/km2 for remote and populated 
areas, respectively). Median RQs for stations with more than 10 measurements and 
more than 50% of their measurements within the domain of the FWQG are presented in 
Figure 7-9. Compared to remote stations, RQs are most elevated at stations classified 
for multiple industrial uses and areas classified as populated; however, exceedances 
are comparatively rare. The median RQ for one station classified as impacted by 
agriculture, forestry, and mining is greater than 1 (as are multiple stations classified as 
remote), but greater confidence is placed in the sector-specific exposure 
characterizations described above. Overall, this data set supports the weight of 
evidence for low potential for ecological concern. 
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Figure 7-9. Median RQs for long-term water quality monitoring stations by land 
use classification (Canada [modified 2017a]) 

Bioavailable aluminium in Canadian soils: Considering the available phytotoxicity and 
soil invertebrate toxicity data, a soil PNEC of 1 mg/kg to 3 mg/kg CaCl2-extractable 
aluminium was derived. While measured concentrations of total aluminium in Canadian 
soils are abundantly available and summarized in EC, HC (2010), concentrations of 
CaCl2-extractable aluminium are comparatively rare, and no concentration data were 
available specific to any of the sectors described above for the aquatic compartment. 
However, Webber et al. (1977) reported a wide range of CaCl2-extractable aluminium 
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concentrations in mostly acidic soils. Given the context of studying agricultural liming 
requirements, it was assumed that the samples from Webber et al. (1977) came from 
agricultural soils to which biosolids could potentially be applied. These data, presented 
in Figure 7-10, show that CaCl2-extractable aluminium concentrations are not likely to 
exceed the PNEC as pH increases above 5.0. This would be consistent with US EPA 
(2003), which proposed to identify aluminium as a contaminant of potential concern only 
when soil pH is less than 5.5. More recent literature further supports the idea that 
aluminium toxicity is an important growth limiting factor for plants when pH is less than 
5.0 to 5.5 (Rout et al. 2001; Bishop and Quin 2013; Ayeni et al. 2014).  

  

Figure 7-10. Bioavailable aluminium concentrations in Canadian soils (Webber et 
al. 1977) 

While the applicability of the derived soil PNEC below pH ≤5.0 is debatable, application 

of a solely pH-based threshold for aluminium toxicity is also uncertain given the wide 
diversity in tolerance and properties of different species. For example, alfalfa yield is 
reduced below pH 6.0 not because of aluminium toxicity, but because of insufficient 
nitrogen fixation resulting from poor survival of rhizobium and inadequate nodulation 
(Rice 1975). Meanwhile, the desired pH for blueberries is 4.8; for corn, rye, grass hay, 
and pasture, the pH below which liming is beneficial is only 5.1 (OMAFRA 2018). 
Conversely, Whitley et al. (2016) showed that across many soil orders and climatic 
zones in New Zealand, CaCl2-extractable aluminium concentrations in soils with pH 
from 5.5 to 5.7 could be as high as 5 mg/kg to 7 mg/kg. They also demonstrated that 
individual soil samples of up to pH 5.9 had CaCl2-extractable aluminium concentrations 
that would exceed thresholds for sensitive pasture legumes.  

Another important consideration is that ecological studies have tended not to be explicit 
about the types of acid soils used (Proctor 1999). In mineral soils with low pH, high 
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levels of bioavailable aluminium is indeed a major phytotoxicity factor. However, in 
organic acidic soils, mobile aluminium is virtually non-existent, and at very low pH, 
hydronium ions dominate the soil solution (Kidd and Proctor 2001). In other words, the 
direct toxicity of the hydronium ion is more likely the proximal cause of poor growth of 
non-tolerant plants in acidic organic soils, not the aluminium moiety (Kidd and Proctor 
2001).  

Nevertheless, the exposure scenario, which could result in the 55 aluminium-containing 
substances entering the soil compartment, would be constrained by the pH limitations 
placed on the application of water treatment system sludges. Additionally, most studies 
of aluminium exposure demonstrated minimal differences between sludge-amended 
soils at unrealistic rates of application and the corresponding controls (section 7.2.8). 
These lines of evidence support a low potential for ecological harm to the soil 
compartment from the 55 aluminium-containing substances. 

7.3.2 Consideration of the lines of evidence 

To characterize the ecological risk of the 55 aluminium-containing substances, technical 
information for various lines of evidence was considered (as discussed in the relevant 
sections of this report) and qualitatively weighted. The key lines of evidence supporting 
the proposed assessment conclusion are presented in Table 7-3, with an overall 
discussion of the weight of evidence provided in section 7.3.3. The level of confidence 
refers to the combined influence of data quality and variability, data gaps, causality, 
plausibility, and any extrapolation required within the line of evidence. The relevance 
refers to the impact the line of evidence has when determining the potential to cause 
harm in the Canadian environment. Qualifiers used in the analysis ranged from low to 
high, with the assigned weight having five possible outcomes. 

Table 7-3. Weighted lines of key evidence considered to determine the potential 
for the 55 aluminium-containing substances to cause harm in the Canadian 
environment  

Line of evidence 
Level of 
confidencea 

Relevance 
in 
assessment
b 

Weight assignedc 

Environmental fate and 
behaviour 

High Moderate Moderate to high 

Persistence in the environment  High Moderate Moderate to high 

Bioaccumulation in aquatic and 
terrestrial organisms  

High Low Moderate 

PNEC for freshwater aquatic 
organisms (chronic FWQG)  

High High High 

PNEC for soil-dwelling 
organisms 

Moderate Moderate Moderate 

Qualitative hazard analysis for 
sediment-dwelling organisms 

Moderate Low Low to moderate 
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Line of evidence 
Level of 
confidencea 

Relevance 
in 
assessment
b 

Weight assignedc 

PECs in surface water – 
primary aluminium 
manufacturing   

Moderate High Moderate to high 

PECs in surface water – 
cement manufacturing 

Low High Moderate 

PECs in surface water – metal 
mining 

High High High 

PECs in surface water – 
electric power generation 

Moderate High Moderate to high 

PECs in surface water – pulp 
and paper 

Moderate High Moderate to high 

PECs in surface water – long-
term surface water quality 
monitoring  

Moderate Moderate Moderate 

PECs in soil (CaCl2-
extractable) 

Low Low Low 

RQs for surface water – 
primary aluminium 

Moderate High Moderate to high 

RQs for surface water – 
cement manufacturing 

Low High Moderate 

RQs for surface water – metal 
mining   

High High High 

RQs for surface water – 
electric power generation 

Moderate High Moderate to high 

RQs for surface water – pulp 
and paper 

Moderate High Moderate to high 

RQs for surface water – long-
term surface water quality 
monitoring 

Moderate Moderate Moderate 

RQs for soil (CaCl2-
extractable) 

Low Moderate Low to moderate 

a Level of confidence is determined according to data quality, data variability, and data gaps (that is, are the data fit 
for purpose). 
b Relevance refers to the impact of the evidence in the assessment. 
c Weight is assigned to each line of evidence according to the overall combined weights for level of confidence and 
relevance in the assessment.  

7.3.3 Weight of evidence for determining potential to cause harm to the 
Canadian environment 

Once released into the environment, the 55 aluminium-containing substances have the 
potential to dissolve, dissociate, or degrade to contribute to total aluminium exposure. 
The fate and behaviour of substances in the group is governed by the physical and 
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chemical properties of the receiving environment (for example, pH, redox conditions, 
organic matter). A substance contributing significantly to total aluminium exposure 
under one set of conditions may provide an insignificant contribution under another set 
of conditions. The aluminium that can be mobilized from the 55 aluminium-containing 
substances is persistent; it will remain in the environment and partition among 
environmental compartments according primarily to pH and organic matter content. 
Aluminium is not a nutritionally essential element and, except for certain tolerant and 
hyperaccumulating plant species, is not considered bioaccumulative. 

The chronic FWQG was selected as the PNEC for the aquatic environment. The aquatic 
toxicity of aluminium is strongly dependent upon factors such as pH, hardness, and 
DOC. These parameters, collectively referred to as TMFs, were taken into account in 
the chronic FWQG in a multiple linear regression (MLR) approach to normalizing the 
toxicity data set (ECCC 2022a). There was a high degree of confidence in the resulting 
PNECs when they were calculated with paired or site-specific TMF measurements (for 
example, metal mining, and pulp and paper sectors), and a moderate level of 
confidence when substitution with representative ecozone values was required. 

Large quantities of the 55 aluminium-containing substances were reported in response 
to CEPA section 71 surveys for both import and manufacturing. These quantities, when 
passed through generic aquatic exposure scenarios and compared with the solely pH-
dependent CCREM (1987) guideline, resulted in an initial ecological risk classification of 
higher potential for ecological concern (CCME 2008; ECCC 2020b). The present 
assessment, however, considered sector-specific monitoring data where available or 
refined exposure scenarios, resulting in a higher confidence in derived PECs. Alignment 
of the aquatic PNEC with the more recent FWQG also results in a higher degree of 
confidence as the FWQG considers more recent data and incorporates additional 
toxicity modifying factors. In light of these changes, risk quotients in the aquatic 
compartment for facilities in all sectors rarely exceeded unity or exceeded unity only by 
relatively small magnitudes, or exposure site exceedances were congruent with 
exceedances in corresponding reference areas.  

The lines of evidence for the potential for the 55 aluminium-containing substances to 
cause ecological harm in the sediment compartment are of low relevance to the overall 
assessment. This is primarily because the aluminium substances with a greater 
likelihood of being used in activities resulting in exposures to the sediment compartment 
(that is, eutrophication treatments) have been previously addressed (EC, HC 2010). 
However, a literature search was conducted to identify any new lines of evidence from a 
“total aluminium” perspective, considering the possibility that some of the 55 aluminium-
containing substances could be substitutes for these uses, even though no such uses 
were reported (Environment Canada 2013; ECCC 2017). Studies and reviews published 
in the intervening years were somewhat limited but remained supportive of the lines of 
evidence of the previous assessment. 

Finally, the potential for the 55 aluminium-containing substances to cause ecological 
harm in the soil compartment is low when considering the available lines of evidence. In 
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the majority of studies reviewed, the application of aluminium-containing sludge did not 
significantly alter extractable (bioavailable) aluminium concentrations, uptake into 
vegetation relative to controls, or vegetation (crop) yield. The exposure scenario most 
likely to result in the 55 aluminium-containing substances entering the soil compartment 
would be further constrained by the pH and application rate limitations.  

This information indicates that the 55 aluminium-containing substances have low 
potential to cause ecological harm in Canada.  

7.3.4 Sensitivity of conclusion to key uncertainties 

The chemical similarities of the substances in this group—namely their capacity to 
dissolve, dissociate, or degrade to contribute to the total exposure of organisms to 
aluminium—warranted using a read-across approach for ecotoxicity data. The potential 
for aluminium to cause adverse effects is also well documented. Therefore, additional 
empirical toxicity studies would not likely change the proposed conclusion. Additional 
information on the bioaccumulative potential of aluminium would similarly have a low 
impact on the proposed conclusion. However, certain organic-metal salts or 
organometallics, in addition to potentially contributing to total aluminium exposure, may 
also exert their own effects through another mode of action, for example, as a parent 
compound or through an organic transformation product. Additional information on the 
stability and effects of individual parent compounds could inform the need for more 
specific assessment of those substances (OECD 2015). 

The choice of ecological exposure scenarios developed for the Aluminium-containing 
Substances Group was informed by the relative magnitude of commercial activity 
obtained from responses to CEPA section 71 surveys and relative magnitude of 
releases reported to the NPRI. In the absence of particular data, realistic assumptions 
were made in order to estimate PECs. For example, in the case of the cement 
manufacturing scenario, refinement of the emission factor or preferably, more recent 
monitoring of effluents or receiving environments for metals such as aluminium would 
help increase the certainty in the PECs and risk characterization. More recent effluent 
monitoring data or preferably, receiving environment concentrations for the primary 
aluminium manufacturing sector would similarly increase confidence.  

PNECs for surface water were calculated using the MLR-based FWQG, incorporating 
pH, DOC, and hardness. Paired TMF measurements were preferred but not always 
available, necessitating the use of estimated values as described in section 7.2.1. The 
use of a central tendency to substitute for an unavailable or non-existent measured 
value is more representative of an average case than a realistic worst case and may 
lead to an underestimation of effects for certain areas. However, for modelled 
scenarios, where substitution was most often necessary, the use of a central tendency 
also reduces the likelihood of compounding with other conservative assumptions.  

For the analysis of metal mining and pulp and paper EEM data, RQs were calculated by 
comparing exposure PECs to exposure PNECs and reference PECs to reference 
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PNECs. Exposure RQs calculated this way may be considered under-protective or 
erroneous as they do not take into account possible perturbations of TMFs also caused 
by the industrial activity. Conversely, the alternative method of calculating exposure 
RQs as exposure PECs divided by reference PNECs does not represent a currently 
existing scenario. To determine the potential implications of this choice on the 
conclusion, additional RQs comparing exposure PECs to corresponding reference 
PNECs were calculated and are presented as supporting information (ECCC 2020a). 
The distributions of these alternate RQs were not significantly different from those 
presented above, indicating that the conclusion would not be sensitive to this 
uncertainty. 

8. Potential to cause harm to human health 

8.1 Health effects assessment 

Several national and international organizations have reviewed the health effects of 
exposure to aluminium substances in the general population (WHO 2010; US EPA 
2006; JECFA 2007, 2012; ATSDR 2008; EFSA 2008; EC, HC 2010; RIVM 2020; SCCS 
2020; Health Canada 2021a). In addition, there are several literature reviews that have 
assessed the human health risks of aluminium (Krewski et al. 2007; Willhite et al. 2014; 
Tietz et al. 2019). The health effects on workers exposed to aluminium under 
occupational settings were also assessed by several international organizations, 
including the American Conference of Governmental Industrial Hygienists (ACGIH) 
(2008), the International Agency for Research on Cancer (IARC) (2010), the Health 
Council of the Netherlands (2010), and the Senate Commission for the Investigation of 
Health Hazards of Chemical Compounds in the Work Area (MAK) (2014). These 
existing reports were used to inform the health effects section of this assessment. 

The assessment approach for human health is outlined in the Science Approach 
Document Biomonitoring-based Approach 2 (Health Canada [modified 2016]). In this 
approach, human biomonitoring data are compared to biomonitoring guidance values 
that are consistent with available health-based guidance values in order to identify if 
substances are of low concern for human health. Additionally, portal-of-entry effects in 
the lungs are considered separately as the BE value is representative of systemic 
health effects. The health effects assessment is focused on the aluminium moiety. 
However, a literature search on health effects and toxicokinetic data available on 
individual substances within the Aluminium-containing Substances Group was 
conducted to assess the potential for increased toxicity above the toxicity of the 
aluminium moiety. 

8.1.1 Toxicokinetics and adequacy of biomarker 

Relatively few toxicokinetic studies are available for aluminium mainly due to analytical 
difficulties associated with aluminium measurement up until the 1990s (see section 
8.2.3) (Priest 2004). Aluminium ingested via the oral route is poorly absorbed through 
the gastrointestinal tract. The absorption varies depending on physiological and 
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chemical factors, such as solubility of the aluminium substance, gastric pH, and 
presence of various dietary intakes (Krewski et al. 2007; EC, HC 2010). In humans, the 
absorption of soluble aluminium complexed with citrate, chloride, hydroxide, or lactate 
are in the range of 0.01% to 0.8% (Keith et al. 2002; Priest 2004; ATSDR 2008; RIVM 
2020; Health Canada 2021a). The absorption of aluminium citrate was estimated at 
2.18% in rabbits (RIVM 2020). The absorption of aluminium lactate was measured at 
0.78% in humans, and some investigators considered this value to be representative of 
the aluminium absorption for infants (Keith et al. 2002; Mitkus et al. 2011). 

Dermal absorption of aluminium is expected to be minimal. According to the data from a 
clinical study conducted on six female subjects, the SCCS (2020) established a mean 
dermal absorption of 0.00052% for aluminium.  

About 90% of aluminium in plasma is bound to transferrin, and the rest is bound to low 
molecular weight molecules (mainly citrate) (Priest 2004; JECFA 2012; RIVM 2020). 
Cellular uptake of aluminium likely occurs as transferrin-bound aluminium by transferrin 
receptor-mediated endocytosis (JECFA 2012). Some investigators believe that 
aluminium bioavailability has an inverse relationship with iron status (ATSDR 2008). 
From blood, aluminium is slowly taken up by tissues and organs and mainly distributed 
to bones. For both adults and infants, bone is the primary long-term reservoir for 
systemic aluminium exposure via oral intake or injection (Mitkus et al. 2011). To a lesser 
extent, aluminium is distributed to the brain by crossing the blood-brain barrier and the 
blood–cerebrospinal fluid barrier (RIVM 2020; Health Canada 2021a). Aluminium is 
detected in most soft tissues and organs (Krewski et al. 2007; ATSDR 2008; EFSA 
2008; EC, HC 2010; JECFA 2012; Willhite et al. 2014; Health Canada 2021a). 
According to data from intravenous (i.v.) studies, the elimination half-life from plasma 
varies from 14 hours to 85 days (Priest 2004; Klotz et al. 2019). It is widely accepted 
that aluminium is exclusively partitioned into plasma, and therefore, at steady state, 
serum and whole blood aluminium concentrations are approximately equal because 
almost all aluminium is found in plasma (Krewski et al. 2007; ATSDR 2008). 
Conversely, a review by Priest (2004) stated that approximately 10% of aluminium could 
be segregated to erythrocytes.  

Aluminium has a high affinity for organic ligands; as a result, most of the aluminium in 
the body exists in the form of macromolecular complexes, which can be very stable 
(ATSDR 2008). Thus, aluminium metabolism is determined by its affinity to ligands and 
the type of complexes formed (Health Canada 2021a). 

In humans, approximately 95% of absorbed aluminium is excreted in urine, while 
approximately 2% is excreted by biliary excretion via the feces (Krewski et al. 2007; EC, 
HC 2010; Health Canada 2021a). Urine elimination showed a multi-phasic elimination 
pattern, with an elimination half-life ranging from hours to years (Priest et al. 1995; 
Talbot et al. 1995; Priest 2004; Krewski et al. 2007). The initial elimination half-lives in 
rats, mice, rabbits, and dogs ranged from 2 to 5 hours, whereas for humans it was less 
than a day (JECFA 2012). There is no significant difference in urinary aluminium 
elimination in adults and infants (Mitkus et al. 2011). The elimination half-life of 
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aluminium from the brain and other soft tissues is >100 days. Elimination half-life from 
the lungs was approximately 100 days (Krewski et al. 2007). The rate of elimination 
depends primarily on the type of complexes formed; aluminium citrate complexes are 
more readily eliminated than transferrin-bound aluminium (Health Canada 2021a). 
Further details on aluminium toxicokinetics can be found in EC, HC (2010) and Health 
Canada (2021a).  

Evidence from multiple studies indicates that inhaled aluminium and aluminium oxide 
particles are cleared from the lung by alveolar macrophages to the lymphatic system 
(Christie et al. 1963; Gross et al. 1973; Pigott et al. 1981; Thomson et al. 1986). Gross 
et al. (1973) noted macrophages filled with particles in satellite lymph nodes of guinea 
pigs, hamsters, and rats exposed to aluminium oxide or aluminium powder for 6 or 12 
months. One year post-exposure, aluminium powder was partially or completely cleared 
from the airways in all three species (Gross et al. 1973). Christie et al. (1963) observed 
that histiocytes in the hilar lymph nodes of rats and hamsters contained cytoplasmic 
dust granules after exposure to 100 mg/hour of McIntyre Powder (80% aluminium oxide, 
20% aluminium) for 13 months. Wet weight of the lungs increased significantly after 
exposure in comparison to the control animals; however, lung weights gradually 
declined 3, 6, and 10 months post-exposure. The same trend was observed for the ash 
and aluminium oxide content of the lungs. The authors concluded that McIntyre Powder 
is cleared from the lungs after cessation of exposure (Christie et al. 1963). Similar 
observations were made in an acute inhalation study in rats using aluminium powder 
(Thomson et al. 1986). Pathological examination performed 14 days post-exposure 
revealed aluminium particles contained within histiocytes in the hilar lymph nodes. 
Finally, a study that exposed rats to aluminium oxide fibres observed fibres contained 
within alveolar macrophages in the mediastinal lymph nodes after 86 weeks of exposure 
(Pigott et al. 1981). In comparison, animal studies have indicated that aluminium 
chlorohydrate is primarily retained in the lungs after inhalation exposure (ATSDR 2008). 
Rats and guinea pigs administered aluminium chlorohydrate for up to 24 months 
showed accumulation of aluminium primarily in the lungs (Steinhagen and Cavender 
1978; Stone et al. 1979). Other organs with significant accumulation included the 
adrenal glands (Stone et al. 1979) and the peribronchial lymph nodes (Steinhagen and 
Cavender 1978; Stone et al. 1979). There was no significant accumulation of aluminium 
observed in the brain, heart, spleen, kidneys, or liver of either species (Steinhagen and 
Cavender 1978; Stone et al. 1979). A fraction of inhaled aluminium can be absorbed to 
the systemic circulation. On the basis of occupational studies that characterized the 
relationship between urinary aluminium excretion and airborne soluble aluminium, a 
fractional absorption of approximately 1.5% to 2% via the inhalation route was proposed 
by Yokel and McNamara (2001). 

Biomarker adequacy 

Aluminium is measured in serum, plasma, whole urine, hair, and feces. Aluminium in 
serum, plasma and whole blood is expected to be equivalent because the majority of 
aluminium is found in plasma (ATSDR 2008).  
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Older assessments, such as ATSDR (2008), did not consider biological matrices such 
as serum and urine to be sensitive enough as biomarkers of exposure. They considered 
that the exposure levels could not be accurately related to serum or urine 
concentrations due to the poor absorption of aluminium by any route. Additionally, 
aluminium oral absorption in particular can be affected by other concurrent intakes 
(ATSDR 2008). However, more recent investigators have suggested that these matrices 
may be useful biomarkers of exposure based on the analysis of occupational 
biomonitoring studies and review of kinetic data (Klotz et al. 2017, 2019; Ferguson et al. 
2018).  

Several epidemiological studies have measured both blood and urine aluminium 
concentrations in workers who were exposed to aluminium predominantly via the 
inhalation route in the workplace. These studies showed a significant increase in both 
urine and blood (measured in serum or plasma) aluminium concentrations with 
increased aluminium exposure in the workplace (Hosovski et al. 1990; Riihimäki et al. 
2000; Polizzi et al. 2002; Kraus et al. 2006; Kiesswetter et al. 2007; Giorgianni et al. 
2014; Zawilla et al. 2014). However, there were limited data available for internal 
concentrations in either blood or urine associated with increased exposure via the oral 
route.  

Based on evidence from a systemic review of the available kinetic data, Ferguson et al. 
(2018) concluded that concentrations of aluminium in blood and urine (biomonitoring 
measurements) are likely suitable biomarkers for quantifying exposure when there is 
stable and continuous exposure to aluminium. 

Daily or frequent exposure to aluminium in the general population of Canada is 
expected because the primary exposure source for the general population is 
environmental media (soil, drinking water, air) and food. Therefore, blood aluminium 
concentration in the general population is likely at steady state. Furthermore, aluminium 
concentration in whole blood has an added advantage as a biomarker because it 
provides aluminium concentrations closer to the target organs (that is, the nervous 
system). 

Available evidence from kinetic studies and occupational epidemiology studies support 
the conclusion that the aluminium concentration in blood (that is, whole blood, plasma, 
and serum) is a suitable biomarker for quantifying exposure in the general population. 

8.1.2 Health effects from oral route of exposure 

There is a large data set that examines the association between aluminium exposure 
and health effects in experimental animals and in workers. In both humans and animals, 
repeated dose exposure to aluminium is linked to effects in bones and kidneys, 
neurological effects, and reproductive/developmental effects, including 
neurodevelopmental and neurobehavioural effects (Krewski et al. 2007; ATSDR 2008; 
Willhite et al. 2014; Tietz et al. 2019; Health Canada 2021a). The overall data set 
indicates that the nervous system is the most sensitive target organ for aluminium-
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induced toxicity from systemic exposure in both experimental animals and humans 
(Krewski et al. 2007; ATSDR 2008; Willhite et al. 2014; Health Canada 2021a). Multiple 
mechanisms have been proposed for aluminium toxicity, including oxidative damage 
from reactive oxygen species generation and lipid peroxidation, inflammatory 
responses, changes in neuroskeletal proteins, and membrane effects due to metal-ion 
imbalance (ATSDR 2008). In a recent study, Tsialtas et al. (2020) indicated that the 
mechanism of aluminium chlorohydrate toxicity is associated with its ability to interfere 
with estrogen receptor signalling. Similar findings were reported by other authors 
(Gorgogietas et al. 2018). It should be noted that individuals with compromised kidney 
function are at an increased risk for systemic aluminium toxicity as the kidney is the 
primary route of elimination for absorbed aluminium (Willhite et al. 2014). 

Acute toxicity 

Acute toxicity of oral exposure to various aluminium salts has been studied in rats and 
mice. The LD50 values for the oral route of exposure have been reported to be between 
162 mg/kg bw and 980 mg/kg bw (MAK 2014). 

Short-term toxicity 

There are fewer well-conducted short-term oral toxicity studies available compared to 
sub-chronic and chronic toxicity studies for aluminium. Neurological effects 
(degenerative changes in the prefrontal cortex) were reported in male rats exposed to 
101 mg Al/kg bw/day in drinking water for 30 days (Akinola et al. 2015). When male 
mice were exposed to 0, 300, or 600 mg Al/kg bw/day as aluminium nitrate for 14 days, 
decreased motor coordination was reported at 600 mg Al/kg bw/day (Colomina et al. 
1999). 

Chronic oral exposure 

Several international organizations have previously established health-based guidance 
values for aluminium in the general population exposed via food, products available to 
consumers, and environmental media (JECFA 2007, 2012; ATSDR 2008; EFSA 2008).  

The European Food Safety Authority (EFSA) (2008) evaluated the safety of aluminium 
from dietary intake. When deriving their guidance values, the EFSA panel took into 
consideration that aluminium has the potential to produce neurotoxicity (in mice and 
rats), male reproductive system effects (in dogs), embryotoxicity (in mice), and 
neurodevelopmental effects (in mice and rats). The Panel therefore based its evaluation 
on the combined evidence from several studies, which resulted in lowest-observed-
adverse-effect levels (LOAELs) for effects on neurotoxicity, reproductive toxicity, 
embryotoxicity, and neurodevelopmental toxicity of 52 mg Al/kg bw/day, 75 mg Al/kg 
bw/day, 100 mg Al/kg bw/day, and 50 mg Al/kg bw/day, respectively. Similarly, the 
lowest values for no-observed adverse-effect levels (NOAELs) were reported at 30 mg 
Al/kg bw/day, 27 mg Al/kg bw/day, 100 mg Al/kg bw/day, and between 10 mg Al/kg 
bw/day and 42 mg Al/kg bw/day for effects on neurotoxicity, reproductive toxicity, 
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embryotoxicity, and neurodevelopmental toxicity, respectively. The studies selected 
were conducted using aluminium lactate, which is a form of aluminium with relatively 
high solublility. Based on these data, the EFSA (2008) derived a tolerable weekly intake 
(TWI) of 1 mg Al/kg bw/week using a NOAEL and a LOAEL of 10 mg Al/kg bw/day and 
50 mg Al/kg bw/day, respectively, based on neurodevelopmental toxicity in mice and 
rats. To derive a TWI of 1.2 mg Al/kg bw/week using the LOAEL of 50 mg Al/kg bw/day, 
the panel applied an uncertainty factor (UF) of 300 to account for interspecies variation 
(x10), intraspecies variation (x10), and the extrapolation from a LOAEL to a NOAEL 
(x3). To derive a TWI of 0.7 mg/kg bw/wk using the NOAEL (10 mg Al/kg bw/day), a UF 
of 100 was applied to account for interspecies variation (x10) and intraspecies variation 
(x10). The EFSA (2008) used the average of the TWI values from the NOAEL and the 
LOAEL to derive their final TWI of 1 mg Al/kg bw/week. The EFSA established a TWI 
rather than a tolerable daily intake (TDI) because of the cumulative nature of aluminium 
in the organism after dietary exposure.  

ATSDR (2008) selected a LOAEL of 100 mg Al/kg bw/day based on neurological 
effects, significant decreases in forelimb and hindlimb grip strength, and a decrease in 
thermal sensitivity in mice exposed to 100 mg Al/kg/day as aluminium lactate in the diet 
during gestation, lactation, and postnatally until 2 years of age (Golub et al. 2000). A UF 
of 300 was applied to the LOAEL to account for interspecies variation (x10), 
intraspecies variation (x10), and extrapolation from a LOAEL to a NOAEL (x3). 
Additionally, a modifying factor of 0.3 was applied to account for the greater 
bioavailability of aluminium lactate compared to other aluminium compounds to which 
the general population is more likely to be exposed. The resulting minimal risk level 
(MRL), based on neurological effects and identified by ATSDR, was 1 mg Al/kg bw/day.  

In 2010, Health Canada and Environment Canada published a PSL2 assessment on 
three aluminium compounds (aluminium chloride, aluminium nitrate, and aluminium 
sulphate) (EC, HC 2010). Similar to EFSA (2008), this assessment considered the fact 
that there is no single study that provides an adequate basis for characterizing the 
dose-response relationship of aluminium. Therefore, the PSL Report considered a 
composite LOAEL of 50 mg/kg bw/day as the critical point of departure (POD) (EC, HC 
2010). Compared to lower doses, this dose level produced neurological, 
neurodevelopmental, and reproductive effects in laboratory animals (primarily rats and 
mice) more consistently under a wide range of experimental conditions (EC, HC 2010). 
In these studies, animals were exposed to various forms of aluminium, including 
aluminium chloride, aluminium citrate, aluminium lactate, aluminium hydroxide, and 
aluminium nitrate (EC, HC 2010).   

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) re-evaluated their 
health-based guidance value for aluminium in food additives in 2012 as 1 mg Al/kg bw. 
The critical POD for the derivation of the provisional tolerable weekly intake (PTWI) was 
identified from a developmental and chronic neurotoxicity study by Poirier et al. (2011). 
The study was a double-blind, vehicle-controlled randomized study conducted in 
accordance with good laboratory practice (GLP) and OECD guideline 426. In this study, 
aluminium citrate, which is the most soluble and the most bioavailable aluminium 
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compound that can cross the blood–brain barrier, was administered to male and female 
rats during gestation (in utero) through lactation, until one year of age, in drinking water 
at 0, 30, 100, or 300 mg Al/kg bw/day. In addition, animals were exposed to a low 
amount of aluminium from the feed since the feed contained approximately 10 µg/g 
aluminium. However, the dietary exposure was not added to the administered dose 
because dietary exposure was minimal compared to the tested aluminium dose. During 
the experiment, endpoints assessed in dams included: daily morbidity and mortality 
checks, Functional Observational Battery (FOB) examinations on gestational days 7 
and 13, a clinical examination on the day of delivery, and FOB examinations on post-
natal days (PNDs) 3 and 10. The endpoints assessed in both female and male pups 
included: behavioural (motor activity [PNDs 15 or 16, 17, 21, 62, 117 and 363]), T-maze 
(PND 22), auditory startle, FOB, grip strenth test, Morris swim maze- (PNDs 59, 61, 63 
and 64; PNDs 114, 116, 118 and 119; and PNDs 357, 359, 361 and 362), brain weight, 
clinical chemistry, hematology, tissue/blood levels of aluminium, and neuropathology. 
FOB examinations were done on PNDs 5, 11, 22, 36, 45, 56, and biweekly thereafter 
until the week of PND 350. 

The most prominant treatment-related effect observed in the pups in Poirier et al. (2011) 
was renal pathology, predominantly in the male pups. In addition, dose-dependent 
increment in deficits in neuromuscular functions, measured by hindlimb and forelimb 
grip strength test and landing foot splay, was reported. Aluminium exposure during 
gestation and/or lactation consistently resulted in decreases in forelimb and/or hindlimb 
grip strength and increased landing foot splay in pups; thus, grip strength and landing 
foot splay were considered to be the most sensitive endpoints of aluminium-induced 
neurotoxicity (ATSDR 2008).  

Poirier et al. (2011) reported deficits in fore- and hindlimb grip strength, foot splay, and 
renal effects in animals exposed to 100 mg/kg bw/day. Thus, the dose level of 100 mg 
Al/kg bw/day was considered a LOAEL, and 30 mg Al/kg bw/day was considered a 
NOAEL. Based on this NOAEL and through the application of a safety factor of 100 to 
account for interspecies (x10) and intraspecies (x10) variation, the Committee 
established a PTWI of 2 mg Al/kg bw. The previous PTWI of 1 mg/kg bw was also 
withdrawn (JECFA 2007). The daily intake associated with the current JECFA guidance 
value is 0.3 mg Al/kg bw/day.  

In 2021, Health Canada published a drinking water quality guideline for aluminium. To 
derive their maximum acceptable concentration (MAC) in drinking water, Health Canada 
(2021) used the same POD selected by JECFA (2012) from Poirier at al. (2011) 
(NOAEL = 30 mg Al/kg bw/day). A UF of 100 was applied to the POD to account for 
interspecies (x10) and intraspecies (x10) variation. The resulting MAC for total 
aluminium concentration in drinking water is 2.9 mg/L.   

The German Federal Environmental Agency (Umweltbundesamt) has established 
provisional reference values for aluminium for the general population as <15 µg/L for 
urine, <5 µg/L for serum, and approximately 13 µg/L plasma to protect against early 
signs of aluminium-induced neurotoxicity (Klotz et al. 2017). However, because these 
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values were determined on the basis of background aluminium exposure in the general 
population, a health-based guidance value was not considered in the derivation (Klotz et 
al. 2017).    

The JECFA guidance value of 0.3 mg Al/kg bw/day, which was based on the 
developmental and chronic neurotoxicity study by Poirier et al. (2011), is the most 
appropriate guidance value for the hazard characterization of systemic exposure to 
aluminium and was selected for the derivation of the BE (section 8.1.4).  

Reproductive and developmental toxicity 

Studies in experimental animals have indicated that oral exposure to aluminium 
substances can lead to reproductive toxicity in male animals (MAK 2014; Health 

Canada 2021a). Male rats exposed to 75 mg Al/kg bw/day as AlCl3‧6H2O in drinking 

water for 12 weeks experienced decreased body weight gain, absolute and relative 
testis weight, absolute seminal vesicle weights, and changes in sexual behaviour and 
aggression. The changes in sexual behaviour, aggression, and the reduction in weights 
of reproductive organs were attributed to the simultaneous retardation in body weight 
gain (MAK 2014). There were no effects on fertility (Bataineh et al. 1998 as cited in 
MAK 2014). Other studies have shown reproductive effects in both males and females 
at lower doses; however, these studies were not considered adequately robust to 
determine critical PODs. Most of the developmental studies, including Poirier et al. 
(2011) (the critical study for chronic toxicity) were focused on aluminium-induced 
neurodevelopmental effects, and therefore, other developmental effects, such as 
malformations, were not well reported. A recent study indicated that in utero and 
postnatal exposure to aluminium (as aluminium sulfate) may result in hematological and 
immunological impairment in female offspring of rats; however, the study did not 
evaluate immunological effects in male offspring or the histopathology of primary and 
secondary lymph organs such as the thymus and spleen (Omran 2019). Additional 
details of the reproductive and developmental toxicity studies can be found in the 2010 
and 2021 Health Canada assessments (EC, HC 2010; Health Canada 2021a).  

Genotoxicity 

Aluminium compounds are not generally considered to be mutagenic but appear to act 
as clastogens and likely act through indirect mechanisms of action. This is not expected 
to be relevant to the general population, given that it only occurs at relatively high levels 
of exposure. Details of genotoxicity can be found in ATSDR (2008), EFSA (2008), MAK 
(2013), and Health Canada (2021a).   

Carcinogenicity 

There is no evidence for carcinogenicity of aluminium in animals exposed via oral or 
inhalation routes (Health Canada 2021a). There are no carcinogenicity classifications 
attributed solely to aluminium compounds (Krewski et al. 2007). Further details on 
carcinogenicity are discussed under section 8.1.3.  
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Epidemiological data 

Many investigators have studied the relationship between aluminium exposure and 
onset of Alzheimer’s disease in humans as well as the relationship between aluminium 
exposure and breast cancer.  

The current evidence related to the risk of Alzheimer’s disease from elevated aluminium 
exposure is conflicting. In a meta-analysis, Wang et al. (2016) found an increased risk 
for Alzheimer’s disease in individuals chronically exposed to aluminium in drinking 
water. In contrast, several studies found no association between significantly high 
aluminium exposure in occupational settings and Alzheimer’s disease (Salib and Hillier 
1996; Virk and Eslick 2015). Some studies reported elevated aluminium concentrations 
in the brains of Alzheimer’s patients (Klotz et al. 2017; Lukiw et al. 2019). However, it is 
unclear whether aluminium is the cause of the change or whether the accumulation is 
due to the Alzheimer’s pathology (Bhattacharjee et al. 2013; Klotz et al. 2017). Walton 
and Wang (2009) noted that aluminium accumulated in brain tissues can increase 
amyloid precursor protein (APP) levels in neural cells, leading to formation of amyloid 
plaques in the brain. While amyloid plaque formation is observed in Alzheimer’s 
patients, amyloid plaques are generally absent from rat and mouse brains (Walton and 
Wang 2009). Overall, the epidemiological data set provides only uncertain indications of 
an association between aluminium exposure and Alzheimer’s disease (Klotz et al. 2017, 
2019). Although recent reviews and international assessments consistently conclude 
that there is insufficient evidence for a causal link between exposure to aluminium and 
Alzheimer’s disease, there is also consensus that the hypotheses should not be 
dismissed (ATSDR 2008; EFSA 2008; EC, HC 2010; JECFA 2012; Willhite et al. 2014).  

Aluminium chlorohydrate substances, which are active ingredients of antiperspirants, 
have been linked as a causative agent for breast cancer (Darbre 2005; Darbre et al. 
2013; Klotz et al. 2017, 2019). Similar to Alzheimer’s disease, the epidemiological 
evidence for aluminium-induced breast cancer is inconsistent. A retrospective study 
showed an earlier age of disease onset in breast cancer patients who had used 
aluminium-containing antiperspirants/deodorants accompanied by axillary shaving 
(McGrath 2003). Darbre (2005) showed that aluminium forms found in antiperspirant 
could interfere with the function of estrogen receptors of MCF7 human breast cancer 
cells both in terms of ligand binding and estrogen-regulated reporter gene expression. 

In a series of studies, elevated levels of aluminium were observed in breast cancer 
tissues (Mannello et al. 2011; Darbre et al. 2013; Klotz et al. 2017). However, it is 
unclear whether aluminium is the trigger for breast tumours or whether aluminium has a 
preferential accumulation in tumour tissues, similar to other minerals (Manello et al. 
2011; Klotz et al. 2017). A population-based case-control study did not identify a link 
between the use of antiperspirants or deodorants on shaved skin and the risk of breast 
cancer in women aged 24 to 74 years (Mirick et al. 2002). Similar findings were reported 
by Fakri et al. (2006) for antiperspirant (not deodorant) use based on a case-control 
study on 54 women with breast cancer. A systematic analysis of the published literature 
showed no increased risk of breast cancer associated with antiperspirant use (Namer et 
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al. 2008). In a study conducted to understand the mechanism of aluminium toxicity and 
its implications in estrogen receptor-related breast cancer development, Gorgogietas et 
al. (2018) reported that aluminium chlorohydrate induced a significant increase in 
estrogen receptor protein level, possibly via interference with estrogen receptor gene 
expression or estrogen receptor protein stability. However, the authors agreed that their 
findings do not provide conclusive evidence that aluminium is a breast carcinogen. 
Overall, the link between aluminium exposure and breast cancer is not consistently 
supported by scientific evidence (Klotz et al. 2017).  

8.1.3 Health effects from inhalation route of exposure 

A literature search for health effects specific to the inhalation route of exposure was 
conducted using 22 of the 55 aluminium-containing substances as search terms. 
According to available exposure information, these 22 substances have uses that could 
result in inhalation exposure to the general population. From the results of the literature 
search, it was determined that inhalation toxicity studies for the substances in the 
Aluminium-containing Substances Group were conducted primarily using aluminium 
chlorohydrate, aluminium oxide, or aluminium powder. Aluminium chlorohydrate is 
soluble, whereas aluminium oxide and aluminium powder are insoluble. In addition, 
repeated inhalation of aluminium chlorohydrate generates lung effects in rodents that 
are not observed after inhalation of aluminium powder or aluminium oxide. Therefore, 
two PODs for repeat-dose inhalation toxicity were selected: a POD for aluminum 
hydroxychloride and aluminum chlorohydrate and a POD for the Aluminium-containing 
Substances Group.  

Acute toxicity  

Thomson et al. (1986) was identified as the critical study for acute inhalation exposure 
to the Aluminium-containing Substances Group. In this study, Fischer 344 male rats 
(6/dose) were exposed to aluminium powder (mass median aerodynamic diameter 
[MMAD] of 1.58 µm) at 1, 10, 50, 100, 200, and 1000 mg/m3 for 4 hours. At 24 hours, 14 
days, 3 months, and 6 months post-exposure, rats were evaluated for acute lung injury. 
No changes in pulmonary function or adverse physiological responses were reported; 
however, multifocal granulomas in the lungs and hilar lymph nodes were observed at 
200 mg/m3 and 1000 mg/m3. These pathological changes became evident 14 days after 
exposure and were still observed at 3 and 6 months post-exposure. Therefore, 100 
mg/m3 is considered a NOAEC for acute exposure for the Aluminium-containing 
Substances Group based on multifocal granulomas in the lungs. In its opinion on the 
safety of aluminium in cosmetic products, the Scientific Committee on Consumer Safety 
(SCCS) noted a NOAEC of 1000 mg/m3 from the same study (SCCS 2019, 2020).   

Repeat-dose toxicity 

Minor lung reactions have been reported in inhalation studies exposing animals to 
aluminium oxide or aluminium powder (Christie et al. 1963; Gross et al. 1973; Pigott et 
al. 1981). Gross et al. (1973) exposed guinea pigs, hamsters, and rats to aluminium 
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powder or aluminium oxide. Animals were exposed to atomized, pyro, or flake 
aluminium powder at concentrations of 15 mg/m3 or 30 mg/m3 for 6 months (6 
hours/day, 5 days/week), or 50 mg/m3 or 100 mg/m3 for 12 months (6 hours/day, 5 
days/week). As a non-fibrogenic dust control, animals were exposed to 30 mg/m3 or 75 
mg/m3 of aluminium oxide powder for 12 months (6 hours/day, 5 days/week). A 
significant number of spontaneous deaths occurred across all species after 12 months 
of exposure within both the experimental and control group. However, no trend was 
observed regarding mortality and inhaled dose of aluminium or aluminium oxide 
powder. The authors attributed the deaths to low airflow and the amount of crowding in 
the exposure chambers. All three species of animals exposed to aluminium powder 
developed alveolar proteinosis. The severity and extent of alveolar proteinosis was not 
consistently or clearly related to the type of aluminium powder or the severity of dust 
exposure. As the number of post-exposure months increased, the alveolar proteinosis 
improved, and aluminium powder was cleared from the lungs. After 1.5 years post-
exposure, most animals showed little or no remaining alveolar proteinosis or aluminium 
powder in the airspaces. Rats developed granulomatous inflammation in response to 
aluminium powder exposure, resulting in small collagenous scars in the lung (that is, 
endogenous lipid pneumonitis). However, the granulomas were not associated with the 
aluminium powder itself but with areas where cholesterol crystals formed in the absence 
of proteinosis. Hamsters and guinea pigs did not experience any form of fibrosis. 
Exposure to the aluminium oxide control did not produce alveolar proteinosis or 
endogenous lipid pneumonitis.  

Another study exposed rats and hamsters to 100 mg/hour of McIntyre Powder (80% 
aluminium oxide, 20% aluminium) for 8 hours/day for 13 months (Christie et al. 1963). 
Both species experienced lymphoid hyperplasia and focal areas of lipid pneumonia in 
peribronchial and subpleural areas. In rats, exposure also resulted in focal deposits of 
hyaline material in the alveolar walls. There was no evidence of fibrosis in either 
species. A study conducted by Pigott et al. (1981) exposed rats to 2.18 mg/m3 or 
2.45 mg/m3 aluminium oxide fibres for 86 weeks. Focal necrosis and regeneration of 
olfactory epithelium was observed in nasal cavity post-exposure. Since this effect was 
not seen in other inhalation toxicity studies using aluminium oxide powders, it could be 
assumed that it was caused by the fibrous shape. No fibrosis was observed in the lungs 
of treated rats.  

Aluminosis is the most commonly reported respiratory effect observed in workers 
exposed to very high concentrations of fine aluminium dusts (ATSDR 2008). Aluminosis 
is characterized by diffuse interstitial lung fibrosis, primarily in the upper and middle 
lobes. In advanced stages, it is characterized by subpleural bullous emphysema, with 
an increased risk of spontaneous pneumothorax (ACGIH 2008; MAK 2014; Sjögren et 
al. 2015). Multiple case studies have reported aluminosis in workers exposed to 
aluminium powders (Mitchell et al. 1961; Edling 1961; McLaughlin et al. 1962; 
Swensson et al. 1962). A series of case studies reported by Mitchell et al. (1961) 
identified pulmonary fibrosis in 6 out of 27 examined factory workers manufacturing pyro 
powder (approximately 81.4% aluminium, 17% aluminium oxide and aluminium 
hydroxide, 0.5% stearin, 0.5% silicon, 0.1% copper, magnesium, manganese, and iron). 
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Two out of six of these cases were fatal. Factory workers were exposed to 
concentrations ranging from 19 mg/m3 to 114 mg/m3 respirable aluminium dust for 
approximately 3.5 hours per day. Particle size measurements from this study estimated 
that 70% of aluminium particles were 5 µm or less in diameter. Pulmonary fibrosis was 
identified by performing chest X-rays of all workers and necropsies of deceased 
workers. No personal protective equipment (PPE) was used by affected workers prior to 
the development of pulmonary fibrosis (Mitchell et al. 1961).  

Hunter et al. (1944) conducted an investigation of 92 individuals working as airplane 
propeller grinders. The workers were exposed to a mixture of aluminium and aluminium 
oxide powder at concentrations between 3 mg/m3 and 100 mg/m3. The concentration of 
aluminium and aluminium oxide powder varied depending on the job performed. The 
majority of particles were greater than 7 µm in diameter. The highest concentrations of 
particles less than 7 µm (4.1 mg aluminium and aluminium oxide/m3) were observed 
near the polisher. Images of workers provided in the study suggest that no PPE was 
used. Adverse lungs effects due to inhalation of aluminium dusts were assessed using 
health records and chest X-rays. Machine shop workers in the same factory were 
treated as a control with respect to health records; however, they reported a higher 
number of absences due to illness than did the propeller grinders. The authors 
determined that there were no lung effects caused by aluminium dust exposure in 
propeller grinders.  

The results from Hunter et al. (1944) are further supported by a more recent 
cross-sectional study (Musk et al. 2000), which reported no significant evidence of 
decreased lung function in alumina refinery workers (n = 2388) exposed to levels of up 
to 2.18 mg/m3 (particle size not reported) alumina dusts (alumina refinery workers are 
primarily exposed to bauxite, alumina dusts, and caustic soda mist). Forced expiratory 
volume in 1 second, forced vital capacity, and work-related symptoms (wheeze, chest 
tightness, shortness of breath, and rhinitis) were used to assess lung function. 
Adjustments were made for age, smoking, atopy, and process group.  

McIntyre powder (mixed aluminium and aluminium oxide) was used in the Canadian 
mining industry in the 1930s for preventative treatment of silicosis. It was recommended 
that miners inhale one gram of McIntyre powder per 1000 ft3 (35.6 mg/m3) for 10 
minutes at the start of their work shift (Zarnke et al. 2019). Peters et al. (2013) 
determined that there was no significant difference in mortality from silicosis between 
workers exposed to McIntyre powder and those unexposed, suggesting that McIntyre 
powder had no protective effects against silicosis.  

Aluminium is a known neurotoxicant via the oral route of exposure, as described under 
the oral health effects assessment section (section 8.1.2). Several international 
assessments have considered neurotoxicity as the critical effect following inhalation 
exposure (US EPA 2006; ACGIH 2008; SCCS 2019, 2020). Studies that assess the 
association between inhalation exposure to aluminium and neurotoxicity are limited to 
occupationally exposed populations (aluminium potroom and foundry workers, welders, 
and miners). The results from these studies are inconsistent and report only mild 
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neurological effects (Krewski et al. 2007; ATSDR 2008; EC, HC 2010; Health Council of 
the Netherlands 2010; Ferguson et al. 2018). In addition, aluminium-induced 
neurotoxicity, which is a systemic effect from elevated aluminium exposure, is 
addressed by the Biomonitoring-Based approach presented in section 8.1.2 of this 
assessment.  

Based on exposure to aluminium powder by workers (Hunter et al. 1944), a NOAEC of 
4.1 mg aluminium and aluminium oxide particles/m3 based on the absence of lung 
effects was selected to characterize the risk of inhalation exposure to the Aluminium-
containing Substances Group. This NOAEC is further supported by the results of other 
occupational studies (Mitchell et al. 1961; Musk et al. 2000) and the results of animal 
studies (Gross et al. 1973; Pigott et al. 1981). No significant lung effects were seen in 
animals at concentrations as high as 75 mg/m3 (Gross et al. 1973). Pulmonary fibrosis 
due to inhalation of aluminium substances has been observed in workers exposed to 
aluminium powders at levels as low as 19 mg/m3, but this was not observed in animal 
studies. This discrepancy may be due to concomitant exposure to other substances in 
an industrial setting. Nonetheless, the consistency in this finding across occupational 
studies supports the hypothesis that aluminium dusts may cause fibrosis at high levels 
of exposure. The critical POD of 4.1 mg aluminium and aluminium oxide particles/m3 
was converted to a continuous exposure concentration by adjusting for the number of 
hours per day (8/24) as well as the number of days per week (5/7) that the workers 
were exposed to respirable aluminium. The resulting continuous air concentration of 
aluminium powder associated with no observed adverse effects was calculated to be 
0.98 mg aluminium and aluminium oxide particles/m3.    

The IARC (1984, 2010) concluded that “there is sufficient evidence in humans for the 
carcinogenicity of occupational exposures during aluminium production” and “sufficient 
evidence in experimental animals for the carcinogenicity of airborne particulate 
polynuclear organic matter from aluminium-production plants” (Group 1 – “carcinogenic 
to humans”). The report contained no implications that aluminium itself is a carcinogen. 
Occupational aluminium exposure is confounded by exposure to other carcinogenic 
substances (US EPA 2006; Krewski et al. 2007; ATSDR 2008; Willhite et al. 2014). 
Therefore, there is no clear evidence of cancer due to inhalation of aluminium 
substances (US EPA 2006; Krewski et al. 2007; Willhite et al. 2014).  

Aluminium chlorohydrate substances: Aluminum hydroxychloride and aluminum 
chlorohydrate 

Steinhagen and Cavender (1978) exposed rats and guinea pigs (10/sex/dose) to 0, 
0.25, 2.5, or 25 mg/m3 hydrated aluminium chlorohydrate (as dry powder) for 6 
hours/day, 5 days/week for 6 months. The severity of pathological lesions observed in 
the lung was dose-dependent. At 0.25 mg/m3, rats and guinea pigs (3/10) had slight 
increases in alveolar macrophages in the lung compared to the control group. At this 
dose level, a granulomatous change in the peribronchial lymph node was observed in 
one rat. At 2.5 mg/m3 and above, multifocal granulomatous pneumonia was observed in 
all rats and guinea pigs. At 25 mg/m3, the granulomatous reaction was more intense 
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and diffuse. A significant decrease in body weight was observed in rats, and increased 
lung weights and lung-to-body weight ratios occurred in both species exposed to 25 
mg/m3. At 2.5 mg/m3 and 25 mg/m3, granulomatous lesions were observed in the lower 
lung and peribronchial lymph nodes of both species (Steinhagen and Cavender 1978). 
The Health Council of the Netherlands (2010) used this study to derive a health-based 
recommended occupational exposure limit (HBROEL) for aluminium chlorohydrate of 
0.05 mg/m3 (inhalable dust) as an 8-hour time-weighted average. In comparison, the US 
EPA (2006) identified a NOAEC of 0.25 mg/m3 for this study for the risk characterization 
of aluminium chlorohydrate and its associated complexes. In the current assessment, a 
NOAEC of 0.25 mg/m3 aluminium chlorohydrate was selected for the risk 
characterization of inhalation exposure to aluminum hydroxychloride and aluminum 
chlorohydrate based on the occurrence of multifocal granulomatous pneumonia at the 
next dose. Aluminum hydroxychloride is considered to be an associated complex of 
aluminium chlorohydrate (Health Canada [modified 2022a]). This concentration was 
converted to a continuous exposure concentration by adjusting for the number of hours 
per day (6/24) as well as the number of days per week (5/7) that the animals were 
exposed to aluminium chlorohydrate. The resulting continuous air concentration at the 
NOAEC was calculated to be 0.045 mg/m3.  

8.1.4 Derivation of biomonitoring equivalent (BE) 

In BE derivation, an internal concentration or range of concentrations of a chemical or 
its metabolites in a biological medium (that is, blood, urine, or other medium) that is 
consistent with an existing health-based guidance value such as a reference dose (RfD) 
or a tolerable daily intake (TDI) is derived using available kinetic data or by conducting 
regression analysis between exposure and blood or urine concentrations (Hays et al. 
2008, 2016). Since there were no existing BE values or other human biomonitoring 
guidance values for aluminium, a whole blood BE was derived for the daily intake levels 
associated with the PTWI established by JECFA (2012).  

As a first step, a three-compartmental PBPK model was developed to predict the 
steady-state whole blood concentration following oral exposure to aluminium 
(Poddalgoda et al. 2021). A three-compartment model was considered to provide a 
sufficient degree of complexity to characterize aluminium kinetics in the body. The 
model includes 1) plasma/blood; 2) rapid tissue compartment to represent liver, kidney, 
brain, etc.; and 3) slow tissue compartment to represent bone. In addition to the urine 
excretion (represented by kidney), a combined fecal and dermal excretion pathway was 
included to facilitate the use of available kinetic data (Priest et al. 1995; Talbot et al. 
1995). A schematic diagram of the PBPK model is presented in Figure J-1 of Appendix 
J.  

Two sets of kinetic data were used to develop the PBPK model, one based on a 
minimally bioavailable form of aluminium (that is, aluminium chloride) and the other one 
based on a highly bioavailable form of aluminium (that is, aluminium citrate). 
Steinhausen et al. (2004) examined the pharmacokinetic properties of aluminium 
chloride. A single oral or i.v. dose of radio-labelled aluminium (26Al) as aluminium 
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chloride was administered to six healthy volunteers. Kinetic data for aluminium in blood 
and urine were reported for up to 64 days. The kinetics of aluminium citrate were 
studied by Fifield (1977). Fifield (1977) administered to one healthy volunteer a single 
oral dose of radio-labelled aluminium (26Al) as aluminium citrate. Kinetic data were 
reported for 24 days. Additionally, kinetic data from two other volunteer studies (Priest 
et al. 1995; Talbot et al. 1995), in which the volunteers were exposed to aluminium 
citrate via i.v. injection, were also used in the PBPK model. 

The kinetic modelling was performed using Microsoft Excel (version 16.9). When fitting 
the model, it was assumed that concentrations of aluminium in whole blood and plasma 
are equivalent, based on the kinetic data available in the literature, which indicate that 
most of the aluminium in blood is bound to plasma protein (Fifield 1997; Krewski et al. 
2007). Although both i.v. and oral exposure data were used to develop the model, the 
model provided a better prediction of blood concentrations from oral dosing for both 
aluminium chloride and aluminium citrate. The models fitted to the oral and i.v. data for 
aluminium citrate are presented in Figure J-2 of Appendix J. It was observed that the 
steady-state blood aluminium concentration following an oral dose of aluminium citrate 
was approximately 4.5 times higher than the blood concentration following an equivalent 
dose of aluminium chloride (Poddalgoda et al. 2021). This difference is likely due to the 
relatively high solubility and bioavailability of aluminium citrate compared to aluminium 
chloride.  

The developed PBPK model was then used to derive the BE, which is the steady-state 
blood concentration associated with the daily intake of 0.3 mg Al/kg bw/day. This daily 
intake was calculated using the critical POD (a NOAEL of 30 mg/kg bw/day) and an 
uncertainty factor of 100 identified by JECFA (2012) for the derivation of their PTWI. 
The BE value was derived using kinetic data from aluminium citrate because the POD 
used in JECFA (2012) was from a chronic animal toxicity study, where animals were 
administered aluminium citrate as the test material (Poirier et al. 2011; see section 8.1.2 
for details). 

Based on the current PBPK model, the whole blood BE is 16 µg/L (Poddalgoda et al. 
2021). Although the BE was developed using data for the oral route, it is expected that it 
is protective of systemic exposure from the dermal route, which has a significantly lower 
bioaccessibility. The derived BE is not considered appropriate for interpreting portal-of-
entry effects in the lungs from exposure to aluminium via the inhalation route because 
the critical POD for the BE derivation is associated with systemic effects. A urinary BE 
(123 µg/L, µg/g creatinine) was also derived for the daily intake associated with the 
JECFA PTWI using the mass balance approach (Poddalgoda et al. 2021).  

8.2 Health exposure assessment  

Canadians may be exposed to the substances in the Aluminium-containing Substances 
Group through their contribution to total levels of aluminium in environmental media 
(soil, drinking water, house dust, and air), food, and from the use of products available 
to consumers. Total aluminium has been measured in environmental media (soil, 
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drinking water, house dust, and air), food, and whole blood. These data provide 
concentrations of total aluminium in these media but not substance-specific data. In this 
assessment, total aluminium data are used as a surrogate for substance-specific 
exposure data to assess systemic exposure. Data on total aluminium are considered to 
be an acceptable, although protective, surrogate for CAS RN specific data. CAS RN 
specific data are used to assess potential inhalation exposure to the substances in the 
Aluminium-containing Substances Group. 

8.2.1 Environmental Media, food, and drinking water 

Total aluminium has been measured in food, drinking water distribution systems and tap 
water, household dust, soil, and in outdoor, indoor, and personal air samples (Table G-
2, Appendix G).  

Most foods, including plant and animal-based foods, contain a certain amount of 
aluminium originating from natural occurrence and environmental contamination from 
anthropogenic sources (EC, HC 2010). Aluminium may also be present in foods through 
the use of aluminium-containing food additives, from its potential use as a component in 
incidental additives used in food processing establishments, and from its potential use 
as a component in the manufacture of food packaging materials (personal 
communication, email from the FD, Health Canada, to the ESRAB, Health Canada, 
dated October 2, 2018; unreferenced). The use of aluminium cookware can result in the 
leaching of aluminium into food during preparation and is estimated to contribute an 
additional 10% to 20% to total daily aluminium intake, although the contribution depends 
on a number of factors including the quality and condition of the cookware, type of food 
being cooked, and cooking time (Health Canada [modified 2015]). Exposure to 
aluminium from the use of aluminium cookware is expected to be captured in available 
population level biomonitoring data, and therefore, quantitative exposure was not 
estimated from this pathway into food. 

Dietary exposure to aluminium was estimated using the results from over 18 500 
samples of foods (meats, seafood, dairy products, grain products, fruits and vegetables, 
eggs, processed foods, confectionary, nuts, beverages, and infant formula) analyzed as 
part of the Total Diet Study (TDS) (2008–2010 data) and by the Canadian Food 
Inspection Agency (CFIA) (2007–2013 data) (personal communication, email from the 
FD, Health Canada, to the ESRAB, Health Canada, dated March 26, 2020; 
unreferenced). Food consumption data from the Canadian Community Health Survey 
(CCHS) Cycle 2.2 (Statistics Canada 2004) were used to estimate usual dietary 
exposures, which were calculated using a probabilistic approach (that is, to reflect the 
long-term average of the daily intake). Mean exposures ranged from 0.025 mg/kg 
bw/day in 51- to 70-year-old males to 0.089 mg/kg bw/day in children 1 to 3 years of 
age (both sexes combined) (Table G-3, Appendix G). Grain-based foods are the main 
contributors to dietary aluminium exposure in Canadians aged 1 year old or older. In 
particular, baked goods such as pancakes, muffins, cakes, and waffles, to which 
aluminium-containing food additives may be added directly or in which these additives 
may be a component of baking powder used as an ingredient in these foods (at levels 
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consistent with good manufacturing practices [GMP]), contribute most notably to dietary 
aluminium exposure (personal communication, emails from the FD, Health Canada, to 
the ESRAB, Health Canada, November 2019; unreferenced).  

Aluminium has been reported in human milk from Canadian mothers, which is a source 
of exposure for nursing infants (EC, HC 2010). The weighted mean aluminium 
concentration in human milk reported in two studies of Canadian women was 
approximately 0.1133 mg/L (0.11 mg/kg, adjusted assuming human milk density = 
1.030 g/mL) (EC, HC 2010; US EPA 2011). More recently, from 2008 to 2011, 
aluminium was measured in human milk collected from Canadian women between 2 
weeks and 10 weeks post-partum as part of the Maternal-Infant Research on 
Environmental Chemicals (MIREC) project (personal communication, email from the 
FD, Health Canada, to the ESRAB, Health Canada, dated March 26, 2020; 
unreferenced). Aluminium was detected at low levels in approximately 21% of the 847 
samples analyzed (limit of detection [LOD] = 12 ng/mL). Conservatively setting values 
reported below the LOD to the LOD value results in a mean aluminium concentration of 
0.0151 mg/L (personal communication, email from the FD, Health Canada, to the 
ESRAB, Health Canada, dated March 26, 2020; unreferenced). Using the median 
(127.95 g/kg bw/day) consumption figure for human milk reported in Arcus-Arth et al. 
(2005) for exclusively human milk-fed infants 0 to 6 months old, average exposure to 
aluminium from human milk was estimated to be 0.0019 mg/kg bw/day. It is assumed 
that human milk-fed infants under the age of 6 months consume only human milk, and 
therefore, the aluminium intake from human milk is their sole source of dietary 
exposure. Daily aluminium intake from human milk for children older than 6 months was 
not quantified, but it is expected to be lower than the aluminium intakes of formula-fed 
children or children of the same age consuming solid foods (Table G-3, Appendix G), 
given that infant formula generally contains higher concentrations of aluminium than 
human milk does (EC, HC 2010).  

Milk- and soy-based infant formulas from CFIA data are included in the total dietary 
exposure estimates for aluminium (Table G-3, Appendix G). Mean concentrations of 
aluminium calculated from infant formula samples included in the 2016, 2017, and 2018 
TDS are 94 ng/g and 442 ng/g in milk- and soy-based infant formulas, respectively 
(personal communication, email from the FD, Health Canada, to the ESRAB, Health 
Canada, dated March 26, 2020; unreferenced). The estimated mean dietary intake of 
aluminium for formula-fed infants under 1 year old is 0.086 mg/kg bw/day (Table G-3, 
Appendix G).  

Aluminium is present in drinking water; it occurs naturally, is added during water 
treatment, and has been reported to leach from pipes or linings into drinking water 
(Health Canada 2021a). Health Canada recently published a MAC of 2.9 mg/L 
(2900 µg/L) and an operational guidance value (OG) of 0.100 mg/L (100 µg/L) for 
aluminium in drinking water (Health Canada 2021a). Water monitoring data from the 
provinces and territories presented in the drinking water guideline technical document 
indicated that concentrations of aluminium were generally low for raw, treated, and 
distributed water, but mean and 90th percentile levels of total aluminium in certain 
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municipal surface waters (treated and/or distributed) exceeded the OG value (Health 
Canada 2021a). The overall mean concentration of aluminium of 0.120 mg/L, reported 
in municipal treated surface water, was below the MAC but exceeded the OG (Health 
Canada 2021a). Mean aluminium concentrations in municipal treated groundwater, 
municipal distributed groundwater, municipal distributed surface water, and non-
municipal water were lower (Table G-2, Appendix G). Furthermore, maximum 
concentrations for certain non-municipal supplies and municipal surface water 
exceeded the MAC (Health Canada 2021a). Concentration of aluminium in drinking 
water is highly variable depending on the type of source water, geographical location, 
and drinking water treatment processes. The mean concentration of aluminium in 
distributed surface water (0.111 mg/L) was used to estimate aluminium intake from 
drinking water for the general population as it is representative of average Canadian 
exposure (Table G-5, Appendix G) (personal communication, emails from the WAQB, 
Health Canada, to the ESRAB, Health Canada, dated March 4, 2020; unreferenced; 
Health Canada 2021a). 

Aluminium concentrations in outdoor Canadian air vary depending on sampling location. 
Aluminium concentrations in approximately 10 000 samples of particulate matter with an 
aerodynamic diameter of 10 μm or less (PM10) from provinces and territories across 
Canada ranged from below the study detection limit to up to 24.94 μg/m3, with an 
estimated mean of 0.17 μg/m3 (EC, HC 2010). Similarly, the aluminium concentration in 
approximately 20 000 samples of particulate matter with an aerodynamic diameter of 
2.5 μm or less (PM2.5) from provinces and territories across Canada ranged from below 
the study detection limit to up to 9.24 μg/m3, with an estimated mean of 0.069 μg/m3 

(EC, HC 2010). Aluminium concentrations in various studies of Canadian outdoor air 
quality conducted by Health Canada between 2009 and 2013 reported a median PM10 
aluminium concentration of 0.0714 µg/m3 and median PM2.5 aluminium concentrations 
of between 0.0022 µg/m3 and 0.0788 µg/m3 (personal communication, email from the 
WAQB, Health Canada, to the ESRAB, Health Canada, dated February 18, 2020; 
unreferenced). The median concentration of aluminium in outdoor air studied in 
Windsor, Ontario, was 0.0587 µg/m3 in the PM2.5 fraction and 0.152 µg/m3 in the PM10–

2.5 fraction (Rasmussen et al. 2018). The mean concentration of aluminium in outdoor 
air PM2.5 samples from the provinces and territories (0.069 μg/m3) was used to estimate 
exposure to the general population (Appendix G, Table G-5) as well as to calculate 
mean daily air concentration (Table 8-1).  

Primary production of aluminium is a major industry in Canada. As of 2016, there is 1 
facility in Canada that produces metallurgical and non-metallurgical alumina, and 10 
primary aluminium smelters (NRCan 2016). This included 10 facilities located in Quebec 
(QC), with the majority around the Saguenay-Lac-Saint-Jean region, and 1 in Kitimat, 
British Colombia (BC) (NRCan 2016; NPRI [modified 2019], [modified 2022]). Air quality 
monitoring data from National Air Pollution Surveillance (NAPS) stations close in 
proximity (within 25 km radius) to aluminium industry point sources identified through 
NPRI (NPRI [modified 2022]), collected between 2010 and 2017, reported daily average 
total PM2.5 air concentrations of up to 105 μg/m3 in QC, with an average of 6.95 μg/m3, 
and concentrations of up to 47 μg/m3 in BC, with an average of 4.13 μg/m3 (NAPS 
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[modified 2022]). Taking into consideration the mass fraction of aluminium in total PM2.5 
of 4.05% reported in a study in close proximity to an aluminium smelter in Alma, QC 
(Boullemant 2011), the mean aluminium air concentration in PM2.5 was estimated to be 
0.28 μg Al/m3 near point sources in QC and 0.17 μg Al/m3 near point sources in BC 
(Boullemant 2011; NAPS [modified 2022]). In Canada, the aluminium air concentrations 
in areas close in proximity to point sources, such as aluminium smelters, may be 
elevated compared to national averages. In an effort to reduce air emissions, an 
environmental performance agreement for the achievement of base-level industrial 
emissions requirements for the aluminium and alumina sector was put into place in 
November 2017 (ECCC [modified 2018]). Since the publication of the Code of Practice 
to Reduce Emissions of Fine Particulate Matter (PM2.5) from the Aluminium Sector in 
2016 and the environmental performance agreement in 2017, PM2.5 emissions near 
aluminium industry point sources have decreased (ECCC 2016; ECCC [modified 2018]; 
NPRI [modified 2022]). Aluminium has been measured in air through studies and 
monitoring initiatives in industrial areas within the vicinity of potential point sources of 
release, including ports, shale gas plants, steel mills, and oil sands (WBEA 2019, 2020; 
personal communication, email from the WAQB, Health Canada, to the ESRAB, Health 
Canada, dated February 18, 2020; unreferenced). The median concentrations of 
aluminium in outdoor air collected in the vicinity of point sources of release were 
between 0.0091 μg/m3 and 0.1337 μg/m3. Since ports, shale gas plants, steel mills, and 
oil sands are not identified as industries emitting the largest amount of aluminium in 
Canada, the air concentration—estimated using the study on particulate matter in close 
proximity to an aluminium smelter and air quality monitoring data from NAPS stations—
is used to characterize exposure for individuals living in the vicinity of a point source of 
release (Table 8-1). 

Aluminium was measured in studies of indoor air, personal air, and household dust (EC, 
HC 2010; Rasmussen et al. 2018). Aluminium concentrations in various studies of 
Canadian indoor air quality conducted by Health Canada between 2009 and 2013 
reported median aluminium concentrations between 0.0122 µg/m3 and 0.0224 µg/m3 in 
the PM2.5 fraction (personal communication, email from the WAQB, Health Canada, to 
the ESRAB, Health Canada, dated February 18, 2020; unreferenced). Additionally, 
matched indoor, outdoor, and personal monitoring air (PM2.5 and PM10–2.5) samples 
were collected from Windsor, Ontario, from 2005 to 2006 (Rasmussen et al. 2018). 
Aluminium concentrations in the coarse particle range size (PM10–2.5) exceeded 
concentrations in fine particle range size (PM2.5) in indoor, outdoor, and personal air 
samples. The highest median aluminium concentration in PM10–2.5 was measured in 
personal air samples (173 ng/m3), followed by outdoor and indoor air concentrations 
(median of 152 ng/m3 and 102 ng/m3, respectively). The highest median aluminium 
concentration in PM2.5 was measured in outdoor air samples (58.7 ng/m3), followed by 
indoor and personal air concentrations (median of 23.7 ng/m3 and 19.0 
ng/m3, respectively). Similar trends were displayed in 95th percentile concentrations of 
aluminium in PM10–2.5 and PM2.5. These relationships displayed seasonal variability, 
which suggests that natural soil minerals as well as anthropogenic inputs, such as self-
care products, paints, and textiles, are an important source of aluminium in indoor air 
(Rasmussen et al. 2018). The concentration of aluminium in the respirable fraction of 
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indoor air (PM2.5) found in the study of Windsor homes (23.7 ng/m3) was used to 
characterize intake of aluminium from indoor air (Table G-5, Appendix G) as well as to 
calculate mean daily air concentration (Table 8-1). 

Aluminium was also measured in samples of PM2.5 from subways and buses in large 
Canadian cities as part of Health Canada’s urban transport exposure study conducted 
in Montreal, Ottawa, Toronto, and Vancouver (personal communication, email from the 
WAQB, Health Canada, to the ESRAB, Health Canada, dated February 18, 2020; 
unreferencedThe mean aluminium air concentrations on subways (0.249 µg/m3) and 
buses (0.133 µg/m3) were higher than average indoor and outdoor aluminium air 
concentrations, suggesting that public transit may be a point source of exposure to 
aluminium. Aluminium concentrations in PM2.5 from inside and outside private vehicles 
were also measured in the urban transport exposure study, with median concentrations 
falling between 0.0192 µg/m3 and 0.0778 µg/m3, and 0.0445 µg/m3 and 0.0574 µg/m3, 

respectively (personal communication, email from the WAQB, Health Canada, to the 
ESRAB, Health Canada, dated February 18, 2020; unreferenced). Daily intake of 
aluminium from air on public transit was not factored into the daily intake estimates in 
this assessment but was considered as a point source of inhalation exposure in risk 
characterization (Table 8-1). 

Aluminium concentrations in soil are variable throughout Canada depending on geology 
and anthropogenic inputs. Average soil concentrations of aluminium ranged from 
12 000 mg/kg in Nova Scotia to 87 633 mg/kg in BC, with a mean total aluminium 
concentration of approximately 41 000 mg/kg (EC, HC 2010). In areas close in proximity 
to point sources of exposure, such as aluminium refineries and smelters, soil 
concentrations may be elevated from atmospheric fallout. The mean aluminium 
concentration of 41 000 mg/kg was used to estimate aluminium intake from soil 
(Appendix G, Table G-5).  

Aluminium was also measured in household dust in Canada. The median concentration 
of aluminium in household dust measured from samples collected from Windsor homes 
was 11 453 µg/g (Rasmussen et al. 2018). This was found to be significantly correlated 
with concentrations of aluminium in PM10 in both indoor and personal air samples. The 
concentration of 11 453 µg/g in household dust was used to estimate aluminium intake 
from dust (Appendix G, Table G-5). 

A study conducted in the southern Mackenzie Mountains, Northwest Territories (NWT), 
measured concentrations of elements in four large mammal species. Aluminium 
concentrations were measured in the muscle and organ meat of moose, mountain 
caribou, Dall’s sheep, and mountain goat (Larter et al. 2016). Mean concentrations of 
aluminium ranged from 2.71 mg Al/kg to 16.7 mg Al/kg in muscle meat, with the highest 
concentration found in mountain caribou. In organ meat, concentrations ranged from 
0.14 mg Al/kg in moose kidney to 0.36 mg Al/kg in mountain caribou kidney. The results 
of food frequency questionnaires given to individuals 6 to 79 years old, in nine 
communities of the Dehcho and Sahtú regions of NWT, indicated that these country 
foods are consumed by Indigenous peoples in the region (Ratelle et al. 2020a). The 
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average portion size of land animal muscle meat consumed was 143 g, 5.2 times per 
week. Portion sizes of large game organs averaged 100 g and were consumed 8.4 
times per week. On the basis of the above concentrations and consumption amounts, 
intake of aluminium from the consumption of land animal meat and large game organs 
ranged from 2.46 × 10-2 mg/kg bw/day for adults to 7.90 × 10-2 mg/kg bw/day for 
children 4 to 8 years old (Appendix G, Table G-4). Canadian data on aluminium 
concentrations in country foods are limited. The estimated intakes derived from this data 
are limited to the consumption of land animals and organ meats by Indigenous 
communities in the Dehcho and Sahtú regions of the NWT.   

Additionally, aluminium was measured in drinking water samples from 1516 households 
in First Nations communities across Canada as part of the First Nations Food, Nutrition 
and Environment Study (FNFNES) (Chan et al. 2019b). Concentrations in drinking 
water of 208 households across 23 First Nations communities exceeded the OG value 
of 100 µg/L. Twenty first draw water samples, all collected in one Manitoba Boreal 
Shield community, ranged from 6 680 to 33 100 μg/L, exceeding the MAC of 2 900 µg/L 
(Chan et al. 2019b; Schwartz et al. 2021). The elevated aluminium levels in the water 
samples from this community were a result of issues at the water treatment plant 
(Schwartz et al. 2021). A resampling of the water treatment plant two months later found 
that aluminium levels for this community were acceptable.  

Daily intake of aluminium from environmental media and from country foods by people 
residing in Indigenous communities is expected to be highly variable depending on 
geographical location, proximity to point sources of exposure, food preparation 
methods, food consumption patterns, and water treatment methods. It is important to 
emphasize that some study authors working in these communities have noted that “the 
benefits of country food consumption generally outweigh contaminant risks” (Ratelle et 
al. 2019). Given the highly variable data and the potential benefits of country food 
consumption, the data available are insufficient to conduct a fulsome analysis of 
aluminium intakes from environmental media and country food in Indigenous 
communities at this time.   

Aluminium intakes from environmental media, food, and drinking water are presented in 
Appendix G, Table G-5. The available data regarding bioavailability do not provide 
evidence for significant differences in relative oral bioavailabilities with respect to water, 
food, and soil intake (EC, HC 2010). The bioavailability via inhalation may be higher 
than oral bioavailability but would not significantly influence the estimated absorbed 
dose because of the low estimated concentrations of aluminium in ambient and indoor 
air. For these reasons, estimated values of bioavailability for different media and routes 
of exposure were not integrated into the estimates of aluminium intake from 
environmental media, food, and drinking water (Appendix G, Table G-5). Daily intake 
estimates from environmental media, food, and drinking water for the general population 
were highest in infants aged 6 months to 1 year at 0.16 mg/kg bw/day. Notwithstanding 
the limited data set, it was noted that, for specific Indigenous communities, intake of 
aluminium resulting from the consumption of certain country foods was highest in 
children aged 4 to 8 years at 0.0790 mg/kg bw/day. These exposure estimates were 
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brought forward for risk characterization. Mean daily air concentrations in ambient air, 
as well as air with point source influence and air with transit influence, presented in 
Table 8-1, were brought forward for risk characterization to assess the potential of 
portal-of-entry effects from inhalation exposure.   

Table 8-1. Summary of aluminium air concentrations  

Exposure scenario 
Al daily air concentrations 
(mg/m3) 

Mean daily air concentration, ambient air in Canada 
(PM2.5)a 

3.0 × 10-5 

Mean daily ambient air concentrations with point source 
influence: aluminium smelter in QC (PM2.5)b 

2.8 × 10-4 

Mean daily air concentration with transit influence (PM2.5)c 7.8 × 10-5 
Abbreviations: Al, aluminium; PM2.5, particulate matter with an aerodynamic diameter of 2.5 µm or less 
a Daily air concentration estimated using median 24-hr outdoor air sample PM2.5 of 0.069 µg/m3 (n=>10 000) (EC, HC 
2010) and median 24-hr indoor air sample PM2.5 of 0.0237 µg/m3 (n=121) measured in Windsor, Ontario (Rasmussen 
2018). Canadians are assumed to spend 3 hours outdoors and 21 hours indoors each day (Health Canada 1998). 
Daily air concentration = (concentration Al outdoor air × (3 hours / 24 hours)) + (concentration Al indoor air × (21 
hours / 24 hours)). 
b Daily air concentration, point source influence estimated using an ambient air concentration (0.28 μg Al/m3, 
maximum mean concentration) estimated based on NAPS data from 2010 to 2017 (NAPS [modified 2022]), 
considering the weight fraction of aluminium particulate matter near a primary aluminium smelter (Boullemant 2011). 
In the absence of data on aluminium concentration in indoor air within the vicinity of a point source of release, the 
aluminium air concentration is assumed to be constant over a 24-hour period each day. 
c Daily air concentration, transit influence estimated using a median 24-hr PM2.5 personal air sample of 0.249 µg/m3, 
taken from the subway (personal communication, email from the WAQB, Health Canada, to the ESRAB, Health 
Canada, dated February 18, 2020; unreferenced), and mean 24-hr outdoor air concentration in PM2.5 of 0.069 µg/m3 
(n=>10 000) (EC, HC 2010). The largest median PM2.5 aluminium concentration reported in the urban transport data 
sets from Ottawa, Toronto, Montreal, and Vancouver was assumed to represent median aluminium air concentration 
as a conservative assumption. For time not spent on transit, the aluminium concentration in outdoor air is used as a 
conservative assumption as it is higher than the aluminium concentration in indoor air. Individuals are assumed to 
spend 70 minutes on transit per day (van Ryswyk et al. 2017). Daily air concentration, transit influence = 
(concentration Al personal air, subway × (70 min / 1440 minutes)) + (concentration Al outdoor air x (1370 minutes / 1 
440 minutes)). 

8.2.2 Products available to consumers 

Some substances in the Aluminium-containing Substances Group have widespread 
industrial, commercial, and consumer uses that contribute to daily exposure. As outlined 
in the sources and uses section (section 4.3), substances in the Aluminium-containing 
Substances Group are present in a range of products available to consumers. 
Exposures to products available to consumers are captured in the biomonitoring data 
where product use may contribute to systemic levels of aluminium; therefore, potential 
systemic exposures from their use have not been quantified (section 8.2.3). Inhalation 
exposure estimates were derived for products available to consumers since lung effects 
from the inhalation route were identified in the health effects data set (section 8.1.3). 

Inhalation exposure from products available to consumers 

In Canada, some substances in the Aluminium-containing Substances Group were 
found in a range of aerosol, trigger spray, and loose powder products where use may 
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result in inhalation exposure. These products include self-care products (that is, 
cosmetics, natural health products, and non-prescription drugs), paints and coatings, 
DIY products (for example, cement products, tile grout), and cleaning products 
(Household Products Database 1993-; Environment Canada 2013; ECCC 2017; 
LNHPD [modified 2022]; DPD [modified 2022]; personal communication, emails from 
the CHPSD, Health Canada, to the ESRAB, Health Canada, dates ranging from June 
25, 2018 to November 5, 2019; unreferenced; personal communication, emails from the 
NNHPD and the TPD, Health Canada, to the ESRAB, Health Canada, dates ranging 
from June 11, 2018 to October 31, 2019; unreferenced). DIY welding applications may 
result in exposure to aluminium from welding fumes, which can consist of up to 40% 
aluminium (Sjögren et al.1996; US EPA 2006). Exposure of the general population to 
welding fumes from at-home welding applications is expected to be limited. Sentinel 
exposure scenarios (scenarios associated with the highest exposure) were identified in 
order to estimate exposure to consumers from the use of products containing aluminium 
where inhalation exposure was anticipated. 

Air concentrations from the use of aerosol and spray self-care products were modelled 
using the Consumer Exposure Web Model (ConsExpo Web 2019), a computational 
modelling program intended to estimate exposure of the general population to common 
products available to consumers. Air concentrations were estimated for the use of self-
care products formulated as aerosol deodorants and sunscreen (personal 
communication, email from the CHPSD, Health Canada, to the ESRAB, Health Canada, 
dates ranging from June 25, 2018, to January 13, 2020; unreferenced; emails from the 
NNHPD, Health Canada, to the ESRAB, Health Canada, dated June 12, 2018, and 
October 31, 2019; unreferenced). Concentrations of aluminium-containing substances, 
including aluminum hydroxychloride or aluminum chlorohydrate, were reported to be up 
to 25% in aerosol or trigger spray self-care products (personal communication, email 
from the CHPSD, Health Canada, to the ESRAB, Health Canada, dated June 25, 2018; 
unreferenced). Refinements to certain default model parameters for aerosol self-care 
product scenarios were made in order to generate the most realistic and relevant 
exposure estimates for each sentinel self-care product type (Appendix H, Table H-1).  

The air concentrations generated from the use of aerosol antiperspirant products 
containing aluminum hydroxychloride or aluminum chlorohydrate were estimated using 
available empirical data. Empirical data were used as a refinement over ConsExpo Web 
estimates and to ensure that the best available exposure data were used. Aluminum 
hydroxychloride and aluminum chlorohydrate are used in concentrations of up to 25% 
within aerosol antiperspirant and deodorant products in Canada (personal 
communication, emails from the CHPSD, Health Canada, to the ESRAB, Health 
Canada, dates ranging from June 25, 2018, to November 5, 2019; unreferenced). In a 
study by Schwarz et al. (2018), an air concentration of 0.16 mg Al/m3 in the thoracic 
size range (<10 μm) was measured during the simulated use of an antiperspirant spray 
containing 4.2% aluminum chlorohydrate (equal to 1.3% Al). The air concentration 
reported in that study was adjusted according to the highest concentration of aluminum 
chlorohydrate in self-care products available to consumers in Canada (25%) to obtain 
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an estimated event air concentration of 3.1 mg aluminum chlorohydrate/m3 (Appendix 
H, Table H-1).  

The air concentration generated from the use of an aerosol foot deodorant spray 
containing aluminum chlorohydrate was estimated using the same empirical data, 
assuming similar use conditions as aerosol antiperspirant products. To obtain an 
estimated event air concentration of 1.2 mg aluminum chlorohydrate/m3 (Appendix H, 
Table H-1), the air concentration reported in the study by Schwarz et al. (2018) was 
adjusted based on the highest concentration of aluminum chlorohydrate in aerosol foot 
deodorant spray products available to consumers in Canada (10%). Estimated adjusted 
daily air concentrations generated from the use of aerosol self-care products ranged 
from 1.0 × 10-3 mg aluminum oxide/m3 to 1.4 × 10-2 mg aluminum chlorohydrate/m3 
(Table 8-2 and Table 8-3).  

Exposure was also estimated for self-care products formulated as loose powders with 
the potential for inhalation of respirable aluminium-containing particles. These products 
include powdered sunscreen products, loose powdered foot deodorants, and powdered 
face makeup (personal communication, emails from the CHPSD, Health Canada, to the 
ESRAB, Health Canada, dates ranging from June 25, 2018, to November 5, 2019; 
unreferenced; emails from the NNHPD, Health Canada, to the ESRAB, Health Canada, 
dated June 12, 2018, and October 31, 2019; unreferenced). Concentrations of 
aluminium-containing substances in these products ranged from 2.5% to 30% (personal 
communication, emails from the CHPSD, Health Canada, to the ESRAB, Health 
Canada, dates ranging from June 25, 2018, to November 5, 2019; unreferenced; emails 
from the NNHPD, Health Canada, to the ESRAB, Health Canada, dated June 12, 2018, 
and October 31, 2019; unreferenced). Self-care products formulated as pressed 
powders were not identified as a potential source of inhalation exposure of concern, 
because these formulations contain coarser particles and binders, such as oils or 
waxes, which help bind the particles together and do not lead to the formation of a “dust 
cloud” that can be inhaled. 

Air concentrations of powdered self-care products were estimated using experimentally 
measured particulate matter air concentration data for poorly soluble particles from the 
use of loose powdered cosmetics. Several studies of air concentrations generated from 
the use of powdered self-care products were considered (Nazarenko et al. 2012; 
Anderson et al. 2017; Rasmussen et al. 2019). Nazarenko et al. (2012) measured the 
air concentration of particulate matter in particle number concentrations by simulating 
the use of cosmetic powders. Data from Nazarenko et al. (2012) were not used 
to estimate air concentrations of aluminium from the use of powdered self-care products 
in this assessment as the mass per volume air concentration data were not reported 
(only the number of particles per volume of air were reported). 
 
Of the available data, Anderson et al. (2017) and Rasmussen et al. (2019) provide the 
best and most relevant available data to model the product scenarios included in 
this assessment report. This is because the data in these studies are reported in mass 
concentration and the products analyzed are representative of the product types 
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considered in this assessment. In the studies by Anderson et al. (2017) and Rasmussen 
et al. (2019), average PM4 (particulate matter with an aerodynamic diameter of 4 μm or 
less) air concentrations of talc, a poorly soluble mineral common in loose body and face 
powdered products, were estimated from the use of such products. Average air 
concentrations from Anderson et al. (2017) were combined with the body and face 
replicates from Rasmussen et al. (2019) to obtain an overall average PM4 event air 
concentration of 1.36 ± 0.97 mg/m3 (ECCC, HC 2021). This value was then used to 
estimate adjusted air concentrations for self-care products containing aluminium 
compounds while considering the highest concentration of aluminium-containing 
substance present in the product. The use of talc PM4 as a surrogate for the aluminium-
containing substances is based on their physical similarities as poorly soluble particles 
and use in similar types of products available to consumers. Estimated adjusted daily air 
concentrations generated from the use of powdered products available to consumers 
ranged from 3.6 × 10-5 mg aluminum chlorohydrate/m3 to 1.4 × 10-3 mg aluminum 
hydroxide/m3 (Table 8-2 and 8-3). 

The exposure scenarios for aerosol, trigger spray, and loose powdered products that 
resulted in the highest exposure concentrations are presented in Table 8-2 and Table 8-
3. On the basis of the duration and nature of effects seen in the toxicity data used to 
characterize risk, the resultant mean event air concentrations of aluminium-containing 
substances in products with frequent use patterns were adjusted to a continuous 
exposure scenario by amortizing exposure over 24 hours, considering the duration of 
exposure and frequency of use (details in Appendix H, Table H-1). The details of all 
exposure scenarios and input values for the models are provided in Table H-1 of 
Appendix H, including the refinements made to defaults.  

Additional use scenarios with the potential for inhalation exposure to substances in the 
Aluminium-containing Substances Group were considered—including as non-medicinal 
ingredients in natural health products and non-prescription drugs, cosmetics (for 
example, aerosol dry shampoo, aerosol nail polish, fragrance, aerosol face makeup, 
powdered dry shampoo, body powders, powdered nail products, intimate powder), 
paints, DIY products (for example, cement, tile grout), cleaning products, and 
automotive products—but they resulted in lower exposure estimates than those 
presented in Table 8-2 and Table 8-3. 

Table 8-2. Estimated air concentrations of substances in the Aluminium-
containing Substances Group from the use of self-care products 

Exposure scenario  Age groupa  

Mean event air 
concentration 
(mg 
substance/m3) 

Adjusted daily air 
concentrationsb  
(mg substance/m3) 

Aerosol deodorant, 3% 
potassium alum 

Adult 1.7 7.6 × 10-3 

Aerosol sunscreen, 
2.535% aluminum oxide 

1 to 13 years old 1.8 × 10-1 1.0 × 10-3 
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Exposure scenario  Age groupa  

Mean event air 
concentration 
(mg 
substance/m3) 

Adjusted daily air 
concentrationsb  
(mg substance/m3) 

Powdered face makeup, 
30% aluminum 
hydroxide  

14 years old to 
adult 

4.1 × 10-1 1.4 × 10-3 

Powdered sunscreen, 
2.535% aluminum oxide 

1 to 13 years old 3.4 × 10-2 1.9 × 10-4 

a The age group(s) identified are those with the highest estimated daily exposure according to the event air 
concentration and frequency of use. 
b Air concentrations were adjusted to a continuous exposure scenario by amortizing exposure over 24 hours based on 
duration of exposure and frequency of use (for further details, see Appendix H, Table H-1). 

Table 8-3. Estimated air concentrations of aluminum hydroxychloride (CAS RN 
1327-41-9) and aluminum chlorohydrate (CAS RN 12042-91-0) from the use of self-
care products 

Exposure scenariob  Age group 

Mean event air 
concentration 
(mg 
substance/m3) 

Adjusted daily air 
concentrationa (mg 
substance/m3) 

Aerosol antiperspirant, 
25% aluminum 
chlorohydrate  

Adult 3.1 1.4 × 10-2 

Aerosol antiperspirant, 
25% aluminum 
chlorohydrate  

14 to 18 years 
old 

3.1 1.3 × 10-2 

Aerosol antiperspirant, 
25% aluminum 
chlorohydrate  

9 to 13 years old 3.1 1.2 × 10-2 

Aerosol foot deodorant 
spray, 10% aluminum 
chlorohydrate  

2 years old to 
adult 

1.2 3.2 × 10-3 

Loose foot powder, 1% 
aluminum chlorohydrate  

3 years old to 
adult 

1.4 × 10-2 3.6 × 10-5 

a Air concentrations were adjusted to a continuous exposure scenario by amortizing exposure over 24 hours based on 
duration of exposure and frequency of use (for further details, see Appendix H, Table H-1).  
b Aluminum hydroxychloride (CAS RN 1327-41-9) and aluminum chlorohydrate (CAS RN 12042-91-0) are included in 
the INCI name “aluminum chlorohydrate”; therefore, the term “aluminum chlorohydrate” is used in the exposure 
estimates and may refer to either CAS RN. Health Canada published a proposed update to the entry for aluminum 
chlorohydrate and its associated complexes on the Cosmetic Ingredient Hotlist in July 2023 (Health Canada [modified 
2023]). This revision proposes to prohibit aluminum chlorohydrate and its associated complexes in aerosol products.  

Less frequent exposure from the use of a temporary hair colour aerosol spray (30% C.I. 
Pigment Blue 29) was estimated using ConsExpo Web (2019) modelling and resulted in 
a mean event air concentration of 5.4 mg C.I. Pigment Blue 29/m3, with an adjusted 4-
hour air concentration of 0.1125 mg C.I. Pigment Blue 29/m3 (Appendix H, Table H-1). 
Air concentrations were adjusted for comparison with the acute toxicological study 
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duration (Thomson et al. 1986). Exposure from other aerosol, spray, and loose 
powdered products with infrequent or intermittent use (for example, powdered nail 
cleaner, foot bath powder, DIY products) were considered, but these resulted in lower 
exposure than the temporary hair colour aerosol spray, according to product use 
patterns.  

8.2.3 Biomonitoring data 

In this assessment, the concentration of aluminium in whole blood was used to estimate 
systemic exposure of the general population to aluminium. Very limited CAS RN specific 
exposure data are available. All bioavailable forms of aluminium contribute to the total 
aluminium moiety, and aluminium concentrations in blood can be considered a 
biologically relevant, integrated measure of systemic exposure to all aluminium-
containing CAS RNs that may occur across multiple routes (for example, oral, dermal, 
and inhalation) and sources, including environmental media, diet, and frequent or daily 
use products. Due to the availability of biomonitoring data, Biomonitoring-based 
Approaches were considered for use in this assessment to evaluate exposure and risk. 
The aluminium biomonitoring data did not meet the criteria for assessment using 
Biomonitoring-based Approach 1 as the limit of detection of the available biomonitoring 
data was not sufficiently low (Jayawardene et al. 2021); therefore, the Biomonitoring-
based Approach 2 was used (Health Canada [modified 2016]). 

Biomonitoring studies were carefully selected for inclusion in this risk assessment 
because of the inadvertent contamination that may occur due to the abundance of 
aluminium in the environment, which could cause contamination of sampling and 
storage devices (Morita et al. 1994; Moyer et al. 1991; Rodushkin and Ödman 2001). 
Methodological uncertainties related to the analysis of aluminium in biological samples 
were also identified (Riihimäki and Aitio 2012; Bertram et al. 2015; RIVM 2020). 
Aluminium is known to impart analytical challenges due to its widespread presence in 
laboratory analysis and sample collection materials such as glass collection tubes, 
rubber stoppers in standard evacuated blood tubes, vials, stainless steel venipuncture 
needles, and anticoagulants (Jayawardene et al. 2021). Some biomonitoring studies 
were not considered quantitatively in this assessment due to the methodological 
uncertainties associated with the measurement of aluminium. In particular, pooling 
samples can result in cumulative contamination (Bornhorst et al. 2005; Bowen et al. 
2010; Rothhaar et al. 2016). As a result, studies of pooled blood samples were not 
considered quantitatively in this assessment.  

Canadian population-level whole blood aluminium concentrations were generated in a 
recent CHMS biobank project (Jayawardene et al. 2021). In this project, whole blood 
samples, originally collected during Cycle 2 of the CHMS (5752 samples) and stored in 
the CHMS biobank, were analyzed by Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) at Health Canada’s Health Products Laboratory in Longueuil, Quebec, for 
aluminium concentration (Health Canada 2013; Jayawardene et al. 2021). The CHMS is 
a national survey carried out by Statistics Canada in partnership with Health Canada 
and the Public Health Agency of Canada, which collects information from Canadians 
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about their general health (Health Canada [modified 2021b]). It is designed to be 
nationally representative10 and includes a biomonitoring component. The CHMS is not a 
targeted survey, and thus, does not target individuals with high metal exposure or who 
live near point sources of exposure. The CHMS Cycle 2 samples were collected 
between 2009 and 2011 from Canadians aged 3 to 79 years old, including pregnant 
females and both fasting and non-fasting individuals, at 18 sites across Canada (Health 
Canada 2013). A summary of aluminium concentrations measured in whole blood 
collected during Cycle 2 of the CHMS is provided in Table 8-4.  

Table 8-4. Whole blood aluminium concentrations (µg/L) measured in biobank 
samples from the CHMS - Cycle 2 

Substance 
Number of 
samples 

MRL 
(µg/L) 

Median 
(µg/L) 

95th percentile 
(µg/L) 

Percentage 
detected 

above MRL 

Aluminium 5752 8 <8 <8 2.9 
Abbreviation: MRL, method reporting limit 

Aluminium was not detected at or above the method reporting limit of 8 µg/L in 97.1% of 
the Canadian population (age group 3 to 79 years old). Overall, the median and 95th 
percentile population-weighted aluminium concentrations were below the method 
reporting limit (Jayawardene et al. 2021). However, the 95th percentile aluminium 
concentration in children aged 6 to 19 years was in the range of 10 µg/L to 11 µg/L 
(Table I-1, Appendix I). Males 12 to 19 years old had the highest 95th percentile blood 
concentration at 12 µg/L (Table I-1, Appendix I). This elevated aluminium blood 
concentration in children and teens, compared to adults, is also observed in dietary 
intake estimates. Mean dietary intake estimates for the 4- to 18-year-old age groups 
(range from 0.032 mg/kg bw/day to 0.073 mg/kg bw/day) are higher than the mean for 
the adult age groups (range from 0.025 mg/kg bw/day to 0.032 mg/kg bw per day) 
(Table G-3, Appendix G). Similarly to the CHMS data, a study conducted in the UK on 
healthy subjects found that males (5.4 µg/L) had higher plasma aluminium 
concentrations than did females (4.0 µg/L) (Sharp et al. 1993). 

Children under 3 years of age were not included in the CHMS. However, some blood 
data are available for infants aged 2 months to 23.5 months from studies in the United 
States examining the effects of vaccinations with aluminium-containing adjuvants 
(Movsas et al. 2013; Tsou et al. 1991). Median or average aluminium concentrations in 
pre-vaccine serum or plasma for infants aged 2.5 months to 13 months ranged from 4.3 
µg/L to 11.1 µg/L. It should be noted that the Movsas et al. (2013) and Tsou et al. 
(1991) studies were limited by small sample numbers (n=15 and n=16, respectively). 

 

10 Cycle 2 of the Canadian Health Measures Survey covers the population 3 to 79 years of age living in the ten 
provinces and the three territories. Excluded from the survey’s coverage are: persons living on reserves and other 
Indigenous settlements in the provinces; full-time members of the Canadian Forces; and the institutionalized 
population and residents of certain remote regions. Altogether, these exclusions represent less than 4% of the target 
population. 
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Additionally, a study of aluminium levels in pre-term and full-term infants (1 day to 88 
days old, n=176) reported average plasma aluminium levels between 7.8 µg/L and 13.2 
µg/L (0.29 µmol/L and 0.49 µmol/L, respectively) (Bougle et al. 1992).  
 
In a small Canadian study conducted in British Columbia, serum aluminium 
concentrations were measured in 61 healthy, non-smoking adults (Clark et al. 2007). 
The mean serum aluminium concentration was 1.81 µg/L, and the 95th percentile was 
10 µg/L. There was no significant difference between the serum aluminium 
concentrations in men and women and no age dependence (Clark et al. 2007).  

Whole blood aluminium concentrations from the CHMS and the British Columbia study 
(Clark et al. 2007) are similar to whole blood, serum, or plasma aluminium 
concentrations reported in adult biomonitoring studies conducted in Sweden, France, 
Italy, UK, Germany, Belgium, Korea, and Australia (averages or medians ranged from 
0.11 µg/L to 10.8 µg/L) (Minoia et al. 1990; Sharp et al. 1993; Rodushkin et al. 1999; 
Goullé et al. 2005; Kim et al. 2017; Nisse et al. 2017; Troisi et al. 2019; Heitland and 
Köster 2021; Hoet et al. 2021; Komarova et al. 2021). 
 
Concentrations of aluminium were measured in the whole blood and urine of people 
residing in communities across the Dehcho and Sahtú regions of the Northwest 
Territories (Ratelle et al. 2019, 2020b). More than 80% of whole blood samples (n=276) 
from these communities had concentrations below the limit of detection 
(LOD=0.765 μg/L), whereas the 95th percentile was 44 μg/L. In the same study, 
aluminium was detected in 100% of the urine samples (n=198) (LOD=1.4 μg/L), with a 
mean and 95th percentile aluminium concentration of 14 μg/L and 41 μg/L, respectively.  

A similar biomonitoring project measuring aluminium concentrations in whole blood and 
urine was conducted in Old Crow, Yukon (Drysdale et al. 2021). Aluminium was 
detected in 78% of the whole blood samples (n=54) (LOD=0.765 μg/L), with mean and 
95th percentile whole blood aluminium concentrations of 19 μg/L and 539 μg/L, 
respectively. Aluminium was also detected in 100% of urine samples from this study 
population (n=44) (LOD=1.4 μg/L), with mean and 95th percentile aluminium 
concentrations of 11 μg/L and 30 μg/L, respectively.  

Additionally, a pilot biomonitoring project measured aluminium in the urine of 29 
Indigenous and non-Indigenous pregnant women from two communities near a natural 
gas exploitation point source in Northeastern British Columbia (Caron-Beaudoin et al. 
2019). The mean and 95th percentile urinary aluminium concentrations in this 
population were 15.29 μg/L and 355 μg/L, respectively. However, there is uncertainty 
associated with the aluminium concentration measured in these studies. Typically, urine 
concentrations of aluminium are on average 2.7 times higher than blood concentrations 
(Poddalgoda et al. 2021). Data from these studies show inconsistent trends in 
aluminium concentrations measured in blood and urine within the same populations. 
Without additional information on sources of aluminium exposure in these communities, 
these concentrations could not be verified. Aluminium contamination during collection, 
storage, and analysis of samples is very common. Since these studies did not target 
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aluminium (instead, a large number of metals were measured using ICP-MS), it is 
unclear whether specific measures to reduce aluminium contamination were applied 
during analysis. This increases the uncertainty of these reported results.  

The CHMS 95th percentile concentration for ages 3 to 79 years old, which was less 
than 8 µg/L, and the 95th percentile concentration of the highest exposed group (males 
12 to 19 years old), which was 12 µg/L, were brought forward for risk characterization. 
Confidence is high in this data set as additional precautions were taken to minimize 
contamination during sample pre-treatment and analysis in order to ensure the accuracy 
of the reported results. Measures taken included using polystyrene centrifuge tubes 
(instead of glass tubes made with Al-borosilicate or polypropylene); pre-rinsing 
containers and accessories (for example, automatic pipette tips, vials) with a dilute nitric 
acid solution followed by ultrapure water; using a Teflon perfluoroalkoxy (PFA) 
automatic solution dispenser to prevent contamination during liquid transfer; pre-
soaking polystyrene centrifuge tubes with ultrapure water and drying prior to use; and 
using high or ultrapure reagents, powderless nitrile gloves, and lint-free tissue 
(KimwipeTM). The auto-sampler was placed inside a Plexiglas enclosure, and additional 
Plexiglas cover sheets (placed approximately 30 cm from the ceiling ventilation near the 
workspace) were used to minimize airborne contamination of the samples during 
handling and analysis. To reduce aluminium contamination within the instrument, the 
ICP-MS inlet tubing was rinsed with an acid solution after replacement, and an acid 
solution was pumped for at least 1 hour to allow the aluminium signal to stabilize prior to 

carrying out the sample analysis. Despite these measures and in order to maintain 

reproducibility, a method reporting limit below 8 ug/L was not possible (Jayawardene et 
al. 2021). Confidence is high that reportable aluminium blood concentrations were not 
underestimated; however, it is possible that they could be overestimated despite the 
efforts to minimize contamination. In addition, the highest average concentration (13.2 
µg/L) obtained from small-scale studies of infants under 3 years old was brought 
forward as part of the weight of evidence to characterize risk for Canadians under 3 
years of age. 

Other available biomonitoring data presented here, including those from populations 
that may be more vulnerable to experiencing adverse health effects due to greater 
exposure, were not brought forward for risk characterization, given the availability of 
more reliable exposure estimation data for these populations (for example, dietary 
intakes of country foods, point source air concentration data). Inconsistent trends 
between urine and blood concentrations and the absence of source attribution 
information have created uncertainties in the interpretation of the biomonitoring data 
from these studies. 

8.3 Characterization of risk to human health 

The human health assessment took into consideration those groups of individuals within 
the Canadian population who, due to greater susceptibility or greater exposure, may be 
more vulnerable to experiencing adverse health effects. For instance, age-specific 
exposures are routinely estimated and developmental and reproductive toxicity studies 
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are evaluated for potential adverse health effects. Human biomonitoring data were 
available for infants, children and pregnant women and pregnant people. These 
subpopulations were taken into account in the risk assessment outcomes of aluminum-
containing substances. In addition, exposure from consuming traditional, subsistence or 
country foods for certain Indigenous communities and exposure from outdoor air for 
people living near sources of release were examined. The potential for cumulative 
effects was considered in this assessment by examining cumulative exposures to total 
aluminium. 

Where adequate biomonitoring data was available, human health risks from systemic 
exposure to the aluminium-containing substances in this group were characterized 
using the Biomonitoring-based Approach 2 (Health Canada [modified 2016]). Systemic 
exposure to total aluminium in the Canadian population over 3 years of age was also 
characterized using biomonitoring data from the CHMS biobank project. Blood 
aluminium concentrations from the CHMS biobank are below the derived BE (Table 8-
5).  

No blood samples from children under the age of 3 were taken as part of the CHMS 
Cycle 2. Therefore, risk was quantified using aluminium concentrations in blood from 
smaller-scale biomonitoring studies of infants 0 to 23.5 months of age (Tsou et al. 1991; 
Bougle et al. 1992; Movsas et al. 2013). The highest average aluminium concentration 
reported in small-scale biomonitoring studies of infants is below the derived BE (Table 
8-5). Estimates of aluminium intake from environmental media, food, and drinking water 
(Table G-5, Appendix G) were also considered in order to characterize the exposure of 
children under 3 years of age. The estimated average daily intakes of aluminium from 
environmental media, food, and drinking water are below the daily intake level derived 
from the JECFA PTWI (0.3 mg Al/kg bw/day) (JECFA 2012) for all age groups under 3 
years of age (Table 8-5).  

Available data, albeit limited, were used to estimate the exposure of certain Indigenous 
communities to aluminium from the consumption of specific country foods. Due to the 
limitations of available biomonitoring studies in Indigenous communities (section 8.2.3), 
dietary intake estimates derived from the consumption of these country foods (that is, 
land animals and organ meats) were used to characterize the exposure of certain 
Indigenous communities in the NWT. The highest estimated intake of aluminium from 
the consumption of certain country foods is below the daily intake level of 0.3 mg Al/kg 
bw/day, derived based on JECFA’s PTWI (JECFA 2012) (Table 8-5). 

Table 8-5. Relevant exposure values, hazard values, and determination of risk of 
systemic exposure to the Aluminium-containing Substances Group  

Population Exposure  Hazard guidance 
value 

Exceedance 
(yes/no)a 

General population 
biomonitoring, 
CHMS: 3 to 79 

<8 µg/Lb 16 µg/Lc No 
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years old, 95th 
percentile 

Biomonitoring, 
CHMS: males 12 
to 19 years old, 
95th percentile 

12 µg/Lb, d 16 µg/Lc No 

Biomonitoring, 
(Bougle et al. 
1992): infants 2.5 
to 13 months  

13.2 µg/Le 16 µg/Lc No 

Daily intake from 
environmental 
media, food, and 
drinking water for 
the general 
population: 6 
months to 1 year 
oldf  

0.16 mg/kg bw/dayg 0.3 mg/kg bw/dayh No 

Dietary intake from 
country foods: 
children 4 to 8 
years old, 
Indigenous 
community, NWTf 

0.0790 mg/kg bw/dayi 0.3 mg/kg bw/dayh No 

a Assessment to determine if the exposure value (that is, whole blood concentration or intake estimate) exceeds the 
hazard guidance value (that is, BE or JECFA reference dose). 
b Jayawardene et al. 2021 
c Whole blood BE of 16 µg/L derived from a PBPK model and corresponding to a daily intake of 0.3 mg Al/kg bw/day, 
based on the critical POD (a NOAEL of 30 mg/kg bw/day) and an uncertainty factor of 100 identified by JECFA 
(2012) for the derivation of their PTWI (Poddalgoda et al. 2021). 
d Use with caution. Statistics Canada guidelines for release stipulate that coefficients of variation (CVs) between 
16.6% and 33.3% are considered to have a high sampling variability and caution is recommended when using these 
data. 
e Highest plasma or serum concentration reported in studies of infants 0 to 23.5 months old (Tsou et al. 1991; Bougle 
et al. 1992; Movsas et al. 2013). 
f Based on age group(s) with the highest potential exposure in mg/kg bw/day. 
g Details of intake estimates are presented in Appendix G, Tables G-3 and G-5. 
h JECFA PTWI (2 mg Al/kg bw) converted to daily value (JECFA 2012). 
i Based on concentrations of aluminium measured in land animals and organ meats from the NWT (Larter et al. 2016) 
and consumption rates reported in the NWT (Ratelle et al. 2020a). Further details of estimates are presented in 
Appendix G, Table G-4. 

Overall, risk estimates for the Aluminium-containing Substances Group for systemic 
exposure of the Canadian population, including subpopulations of interest such as 
children, pregnant females, and Indigenous populations, are low enough to account for 
uncertainties in the health effects and exposure data used to characterize risk. 
Therefore, at current levels of exposure, systemic exposure to the Aluminium-containing 
Substances Group is considered to be of low concern for the health of the Canadian 
general population, as well as that of subpopulations of interest. 
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The risk associated with portal-of-entry effects from inhalation exposure to the 
Aluminium-containing Substances Group was assessed using traditional risk 
assessment methods. A NOAEC of 100 mg/m3, which is based on multifocal 
granulomas in the lungs of rats, was selected for risk characterization from acute 
inhalation exposure (Thomson et al. 1986).  

Table 8-6. Relevant exposure values, and margins of exposure, for determination 
of risk from acute inhalation exposure for the Aluminium-containing Substances 
Group 

Exposure scenario 
Adjusted exposure 
air concentration 

(mg/m3)a 

MOEb,c 

Aerosol Temporary Hair Dye, 30% C.I. 
Pigment Blue 29 (4 years old to adult) 

1.1 × 10-1 909 

a Adjusted to match exposure duration of toxicology study (4 hours). 
b Based on age group(s) with highest potential exposure.  
c Margin of exposure calculated using a no effect concentration of 100 mg/m3 (Thomson et al. 1986). 

From the available studies, a NOAEC of 4.1 mg aluminium and aluminium oxide 
particles/m3 from a worker study was selected as the critical POD to characterize the 
risk of repeated inhalation exposure for the Aluminium-containing Substances Group 
(Hunter et al. 1944). Both the NOAEC and the estimated aluminium air concentrations 
were adjusted to represent continuous chronic exposure. This adjustment was made to 
address the differences in exposure duration between that in the critical health effects 
study (Hunter et al. 1944) and from actual use of self-care products available to 
consumers. The NOAEC of 4.1 mg/m3 is equivalent to an adjusted concentration of 0.98 
mg/m3, as noted in the Health Effects section (8.1.3).  

The adjusted air concentrations from the use of self-care products and the margins of 
exposure from products available to consumers, outdoor air, indoor air, and personal air 
in subways are presented in Table 8-7. The estimated air concentrations in Table 8-7 
were compared to the critical POD identified for the 55 aluminium-containing 
substances, because the exposures do not result in exposure to aluminum 
hydroxychloride or aluminum chlorohydrate.  

Table 8-7. Relevant exposure values, and margins of exposure, for determination 
of risk from daily inhalation exposure for the Aluminium-containing Substances 
Group 

Chronic exposure scenario 
Exposure air 

concentration (mg 
substance/m3) 

MOEa 

Mean daily air concentration, ambient 
air in Canada (aluminium in PM2.5) 

3.0 × 10-5 32 667 

Mean daily ambient air concentrations 
with point source influence: aluminium 
smelter in QC (aluminium in PM2.5) 

2.8 × 10-4 3 500 
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Mean daily air concentration with transit 
influence (aluminium in PM2.5) 

7.8 × 10-5 12 564 

Aerosol Deodorant, 3% Potassium Alum 
(Adult)b 

7.6 × 10-3 c 129 

Aerosol Sunscreen, 2.535% Aluminum 
Oxide (1 year old to 13 years old)b 

1.0 × 10-3 c 980 

Face Powder, 30% Aluminum Hydroxide 
(14 years old to adult)b 

1.4 × 10-3 c 700 

Powdered Sunscreen, 2.535% 
Aluminum oxide (1 year old to 13 years 
old)b 

1.9 × 10-4 c 5158 

Abbreviations: adj, adjusted; Al, aluminium; MOE, margin of exposure; PM2.5, particulate matter with aerodynamic 
diameter of 2.5 µm or less. 
a Margins of exposure calculated based on the adjusted no-effect level of 0.98 mg aluminium and aluminium oxide 
particles/m3 (Hunter et al. 1944). 
b Based on age group(s) with highest potential exposure. 
c Adjusted to a continuous exposure scenario based on duration of exposure and frequency of use (for details see 
Appendix H, Table H-1). 

A separate POD was selected for repeated inhalation exposure to aluminum 
hydroxychloride and aluminum chlorohydrate because of the differences in the effect 
observed in the lung as compared to other substances in the Aluminium-containing 
Substances Group. A NOAEC of 0.25 mg/m3, based on multifocal granulomatous 
pneumonia in rats and guinea pigs, was selected for repeated inhalation exposure to 
aluminum hydroxychloride and aluminum chlorohydrate (Steinhagen and Cavender 
1978). 

Adjustments to represent continuous chronic exposure, similar to those discussed 
above, were made to the critical NOAEC (Steinhagen and Cavender 1978) and 
estimated exposure concentrations. The NOAEC of 0.25 mg/m3 is equivalent to an 
adjusted concentration of 0.045 mg/m3, as noted in the Health Effects section (section 
8.1.3). The adjusted air concentrations from the use of self-care products (aerosol 
antiperspirants, aerosol foot deodorant spray, and loose foot powder) and the margins 
of exposure for the determination of risk of inhalation exposure to aluminum 
hydroxychloride and aluminum chlorohydrate are presented in Table 8-8.  

Table 8-8. Relevant exposure values, and margins of exposure, for determination 
of risk from inhalation exposure to aluminum hydroxychloride (CAS RN 1327-41-
9) and aluminum chlorohydrate (CAS RN 12042-91-0) in antiperspirants and 
deodorant products 

Exposure scenario 

Adjusted daily air 
concentrations 

(mg 
substance/m3)a 

MOEb 

Aerosol antiperspirant, 25% aluminum 
chlorohydrate, adult  

1.4 × 10-2 3 
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Exposure scenario 

Adjusted daily air 
concentrations 

(mg 
substance/m3)a 

MOEb 

Aerosol antiperspirant, 25% aluminum 
chlorohydrate, 14 to 18 years old 

1.3 × 10-2 3 

Aerosol antiperspirant, 25% aluminum 
chlorohydrate, 9 to 13 years old 

1.2 × 10-2 4 

Aerosol foot deodorant spray, 10% 
aluminum chlorohydrate, 2 years old to 
adult 

3.2 × 10-3 14 

Loose foot powder, 1% aluminum 
chlorohydrate, 3 years old to adult 

3.6 × 10-5 1250 

a Adjusted to a continuous exposure scenario based on duration of exposure and frequency of use (for details, see 
Appendix H, Table H-1).. 
b Margins of exposure calculated based on the adjusted no-effect level of 0.045 mg/m3 (Steinhagen and Cavender 
1978). 

Given the use of a critical endpoint from a chronic inhalation study in humans, the 
calculated margins of exposure for 53 of the 55 aluminium-containing substances are 
considered adequate to address uncertainties in the health effects and exposure data 
used to characterize risk (Table 8-6, Table 8-7). However, the margins of exposure 
between critical effects and inhalation exposure to aluminum hydroxychloride (CAS RN 
1327-41-9) and aluminum chlorohydrate (CAS RN 12042-91-0) resulting from the use of 
antiperspirant and deodorant aerosol products are considered potentially inadequate to 
address uncertainties in the health effects and exposure data used to characterize risk 
(Table 8-8).    

8.4 Uncertainties in evaluation of risk to human health 

The key sources of uncertainty within this assessment are summarized below. 

Aluminum hydroxychloride and aluminum chlorohydrate belong to a broader group of 
“aluminum chlorohydrate and its associated complexes” as defined on the Cosmetics 
Ingredient Hotlist (Health Canada [modified 2022a]). Although the scope of this draft 
assessment is limited to aluminum hydroxychloride and aluminum chlorohydrate, similar 
risk is expected from the inhalation of aerosol deodorant and antiperspirant products 
containing the other substances listed under the Cosmetics Ingredient Hotlist entry for 
aluminium chlorohydrate and its associated complexes. 

Confidence is high that the nervous system is the most sensitive target organ for 
aluminium-induced systemic toxicity. There is also high confidence that the critical study 
selected for the risk characterization of systemic exposure to aluminium would account 
for health effects in all age groups including children. However, there is some 
uncertainty in the health effects data set for inhalation exposure to the 55 aluminium-
containing substances, because the substance-specific inhalation toxicity data are 
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limited. Additionally, there is uncertainty in the composition of aluminium dusts reported 
in the study used to inform the inhalation POD (Hunter et al. 1944).  

There is uncertainty associated with the use of whole blood as a biomarker of 
aluminium exposure due to the analytical and methodological challenges of accurately 
measuring aluminium levels in blood and urine. The potential for contamination during 
sample collection, analysis, and study design (for example, sample pooling) from the 
ubiquitous presence of aluminium in the environment creates challenges for the 
interpretation of reported biomonitoring data. Due to the degree of uncertainty caused 
by potential contamination, data from multiple Canadian biomonitoring studies were not 
used quantitatively in this assessment (Alberta Health and Wellness 2008, 2010; 
Saskatchewan Ministry of Health 2019; Caron-Beaudoin et al. 2019; Ratelle et al. 2019, 
2020b; Drysdale et al. 2021). 

In the CHMS, population‑weighted data are representative of 97% of the Canadian 

population, but the survey excludes people living on reserves or in other Indigenous 
communities in the provinces, residents of institutions, full-time members of the 
Canadian Forces, persons living in certain remote areas (such as Northern Canada), 
and persons living in areas with a low population density (Health Canada 2013). Albeit 
limited, available data indicate that certain Indigenous communities and remote 
communities in proximity to a point source of release may be exposed to elevated levels 
of aluminium compared to the general population (Saskatchewan Ministry of Health 
2010; Larter et al. 2016; Caron-Beaudoin et al. 2019; Ratelle et al. 2019, 2020a, 2020b; 
Drysdale et al. 2021). However, due to the analytical challenges of accurately 
measuring aluminium in biological media and the absence of data on potential exposure 
source attribution (for example, dietary intake estimates or environmental monitoring in 
these communities), there are insufficient data to reliably interpret the results from 
biomonitoring studies in these communities. In addition, there are limited data available 
on the concentration of aluminium in country foods consumed by Indigenous peoples. 
The available data on the concentration of aluminium in land mammals and organ 
meats from the NWT were used to characterize risk from the consumption of country 
foods in this assessment. Estimates of intake from land mammals and organ meat may 
be conservative as weekly consumption throughout the year was assumed, even 
though the availability of large game is seasonal. However, there are insufficient data 
available to conduct a fulsome analysis of daily aluminium intakes from environmental 
media and country food in Indigenous communities at this time. Although the risk 
estimates generated from the available data are considered low enough to account for 
uncertainties in the health effects and exposure data used to characterize risk, further 
generation of data to investigate the potential for elevated aluminium exposure among 
people residing in Indigenous communities could be beneficial for reliably characterizing 
the exposure and potential risk of these populations.  

There is also uncertainty associated with whole blood as a biomarker of aluminium 
exposure based on toxicokinetic considerations. Aluminium absorption and consequent 
blood levels can be influenced by factors unrelated to aluminium levels, such as the 
form of aluminium and the presence of other chemical constituents (for example, citrate) 
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in the GI tract. However, an analysis of the available kinetic data and epidemiological 
data on workers indicated that whole blood could act as an adequate biomarker of 
exposure when the aluminium exposure is stable and continuous. 

In the absence of substance-specific kinetic, health effects, and exposure data, data 
available on the metal moiety was used as a surrogate. It is important to note that, 
compared to the metal moiety, there may be different bioavailability and health effects 
associated with a specific substance, particularly with soluble and insoluble substances.   

Aggregate inhalation exposure estimates were not derived for self-care products 
containing aluminium, but exposure to these self-care products may occur concurrently, 
leading to some uncertainty in the inhalation exposure estimates. Information on use 
patterns of self-care products, market share of products available to consumers, 
duration of particle clouds generated from use, and lung clearance rates of various 
aluminium particles would be needed in order to consider aggregate exposure 
estimates.  

9. Conclusion 

Considering all available lines of evidence presented in this draft assessment, there is 
low risk of harm to the environment from the 55 aluminium-containing substances. It is 
proposed to conclude that the 55 aluminium-containing substances do not meet the 
criteria under paragraphs 64(a) or (b) of CEPA as they are not entering the environment 
in a quantity or concentration or under conditions that have or may have an immediate 
or long-term harmful effect on the environment or its biological diversity or that 
constitute or may constitute a danger to the environment on which life depends.   

Considering all the information presented in this draft assessment, it is proposed to 
conclude that aluminum hydroxychloride (CAS RN 1327-41-9) and aluminum 
chlorohydrate (CAS RN 12042-91-0) meet the criteria under paragraph 64(c) of CEPA 
as they are entering or may enter the environment in a quantity or concentration or 
under conditions that constitute or may constitute a danger in Canada to human life or 
health. 

Considering all the information presented in this draft assessment, it is proposed to 
conclude that 53 of the 55 aluminium-containing substances do not meet the criteria 
under paragraph 64(c) of CEPA as they are not entering the environment in a quantity 
or concentration or under conditions that constitute or may constitute a danger in 
Canada to human life or health. 

It is therefore proposed to conclude that aluminum hydroxychloride (CAS RN 1327-41-
9) and aluminum chlorohydrate (CAS RN 12042-91-0) meet one or more of the criteria 
set out in section 64 of CEPA. It is proposed to conclude that the remaining 53 
aluminium-containing substances do not meet any of the criteria set out in section 64 of 
CEPA. It is also proposed to conclude that aluminum hydroxychloride and aluminum 
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chlorohydrate meet the persistence criteria but not the bioaccumulation criteria as set 
out in the Persistence and Bioaccumulation Regulations of CEPA. 
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Appendix A. Substance identity information 

Table A-1. Identity information for the Aluminium-containing Substances Group 

CAS RN List DSL or R-ICL name Common name 

75-24-1 DSL Aluminum, trimethyl- Trimethylaluminum 

96-10-6 DSL Aluminum, chlorodiethyl- 
Diethylaluminum 
chloride 

97-93-8 DSL Aluminum, triethyl- Triethylaluminum 

300-92-5a DSL 
Aluminum, 
hydroxybis(octadecanoato-O)- 

Aluminum distearate 

563-43-9 DSL Aluminum, dichloroethyl- 
Ethylaluminum 
dichloride 

1070-00-4 DSL Aluminum, trioctyl- Trioctylaluminum 

1116-73-0 DSL Aluminum, trihexyl- Trihexylaluminum 

1302-42-7 DSL Aluminate (AlO2
1-), sodium Sodium aluminate 

1317-25-5 DSL 
Aluminum, chloro[(2,5-dioxo-4-
imidazolidinyl)ureato]tetrahydroxy
di- 

Alcloxa; Aluminum 
chlorhydroxy 
allantoinate 

1327-41-9b DSL Aluminum chloride, basic 
Aluminum 
hydroxychloride 

1328-04-7b DSL C.I. Pigment Violet 5:1 NA 

1344-28-1 DSL Aluminum oxide (Al2O3) NA 

5579-81-7 DSL 
Aluminum, [(2,5-dioxo-4-
imidazolidinyl)ureato]dihydroxy- 

Aldioxa; Aluminum 
dihydroxy 
allantoinate 

7784-18-1 DSL Aluminum fluoride (AlF3) NA 

7784-25-0 DSL 
Sulfuric acid, aluminum 
ammonium salt (2:1:1) 

Ammonium alum 
(anhydrous) 

7784-26-1 DSL 
Sulfuric acid, aluminum 
ammonium salt (2:1:1), 
dodecahydrate 

Ammonium alum 

7784-28-3 DSL 
Sulfuric acid, aluminum sodium 
salt (2:1:1), dodecahydrate 

Sodium alum 

7785-88-8 DSL 
Phosphoric acid, aluminum 
sodium salt 

Sodium aluminum 
phosphate 

10043-67-1 DSL 
Sulfuric acid, aluminum 
potassium salt (2:1:1) 

Potassium alum 
(anhydrous) 

10102-71-3 DSL 
Sulfuric acid, aluminum sodium 
salt (2:1:1) 

Sodium alum 
(anhydrous) 

10279-59-1c R-ICL 
Phosphoric acid, aluminum 
sodium salt (8:2:3) 

Sodium aluminum 
phosphate 
(anhydrous) 

10305-76-7c R-ICL 
Phosphoric acid, aluminum 
sodium salt (8:3:1), tetrahydrate 

Sodium aluminum 
phosphate 
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CAS RN List DSL or R-ICL name Common name 

11097-59-9 DSL 
Magnesium, [carbonato(2-
)]hexadecahydroxybis(aluminum)
hexa- 

Synthetic 
hydrotalcite 

11138-49-1b DSL Aluminum sodium oxide Sodium aluminate 

12004-11-4 DSL 
Aluminate(8-), hexaoxo[sulfato(2-
)]di-, calcium (1:4) 

Aluminum calcium 
oxide sulfate 
(Al2Ca4O6(SO4)) 

12004-14-7 DSL 
Aluminate(12-), 
hexaoxotris[sulfato(2-)]di-, 
calcium (1:6) 

Aluminum calcium 
oxide sulfate 
(Al2Ca6O6(SO4)3) 

12005-57-1 DSL 
Aluminate (Al14O33

24-), calcium 
(1:12) 

Aluminum calcium 
oxide (Al14Ca12O33) 

12042-68-1 DSL Aluminate (AlO2
1-), calcium (2:1) 

Aluminum calcium 
oxide (Al2CaO4) 

12042-78-3 DSL Aluminate (AlO3
3-), calcium (2:3) 

Aluminum calcium 
oxide (Al2Ca3O6) 

12042-91-0 DSL 
Aluminum chloride hydroxide 
(Al2Cl(OH)5) 

Aluminum 
chlorohydrate 

13419-15-3 DSL 
Aluminum, (octadecanoato-
O)oxo- 

Aluminum 
oxystearate 

14782-75-3 DSL 
Aluminum, (ethyl 3-oxobutanoato-
O1’,O3)bis(2-propanolato)-, (T-4)- 

Aluminum 
diisopropoxide 
ethylacetoacetate 

15096-52-3 DSL Cryolite NA 

15305-07-4 DSL 
Aluminum, tris(N-hydroxy-N-
nitrosobenzenaminato-O,O’)- 

Aluminum 
cupferronate 

15876-39-8c R-ICL 

Spiro[isobenzofuran-1(3H),9'-
[9H]xanthen]-3-one,2',4',5',7'-
tetrabromo-3',6'-dihydroxy, 
aluminum salt (3:2) 

C.I. Pigment Red 
90:1 

21645-51-2 DSL Aluminum hydroxide (Al(OH)3) NA 

30745-55-2 DSL 
Aluminum, bis(2-ethylhexanoato-
o)hydroxy- 

Hydroxyaluminum 
bis(2-
ethylhexanoate) 

31142-56-0 DSL Aluminum citrate NA 

39290-78-3 DSL 
Aluminium chloride hydroxide 
sulfate 

Polyaluminum 
chloride hydroxide 
sulfate 

53810-32-5 DSL 
Aluminum hydroxide sulfate 
(Al4(OH)6(SO4)3) 

NA 
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CAS RN List DSL or R-ICL name Common name 

54182-58-0c R-ICL 

Aluminum, hexadeca-µ-
hydroxytetracosahydroxy[µ8-
[[1,3,4,6-tetra-O-sulfo-β-D-
fructofuranosyl α-D-
glucopyranoside tetrakis(sulfato-
κO')](8-)]]hexadeca- 

Sucralfate 

54326-11-3 DSL 
Aluminum, (benzoato-
O,O’)hydroxy(octadecanoato-
O,O’)- 

Aluminum hydroxide 
benzoate stearate 

56639-51-1c R-ICL 
Aluminum, 
hydroxybis(tetradecanoato-κO)- 

Aluminum 
dimyristate 

57158-29-9b DSL 
Aluminum zirconium chloride 
hydroxide 

Aluminum zirconium 
complexes 

57455-37-5b DSL C.I. Pigment Blue 29 NA 

65997-15-1b DSL Cement, portland, chemicals NA 

65997-16-2b DSL Cement, alumina, chemicals NA 

68131-74-8a,b DSL Ashes (residues) NA 

68425-65-0 DSL Aluminum, oxo(2-propanolato)- NA 

68475-50-3c R-ICL 
Aluminum, tris[5-amino-4-
hydroxy-3-(phenylazo)-2,7-
naphthalenedisulfonato(2-)]di- 

NA 

68647-58-5b DSL 
Aluminum, benzoate 
hydrogenated tallow fatty acid 
iso-Pr alc. complexes 

NA 

68855-54-9b DSL 
Kieselguhr, soda ash flux-
calcined 

Flux-calcined 
diatomaceous earth 

70131-50-9b DSL Bentonite, acid-leached NA 

90604-80-1c R-ICL 
Zirconium, chloro glycine hydroxy 
aluminum complexes 

Aluminum zirconium 
complexes 

134375-99-8c R-ICL 
Aluminum zirconium 
trichlorohydrex gly 

Aluminum zirconium 
complexes 

Abbreviations: NA, not available; DSL, Domestic Substances List; R-ICL, Revised In Commerce List 
a This substance was included in this assessment as it was considered a priority on the basis of other human health 
concerns. 
b This CAS RN is a UVCB (unknown or variable composition, complex reaction products, or biological materials). 
c The Revised In Commerce List (R-ICL) is an administrative list of substances that are potentially used in products 
that are regulated under the Food and Drugs Act and that were in Canadian commerce between January 1, 1987, 
and September 13, 2001. The Government of Canada has prioritized these substances and is addressing them for 
their potential impact on human health and the environment in order to risk manage the substances, if required.  
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Appendix B. Physical-chemical properties of the 55 
aluminium-containing substances 

Table B-1. Physical and chemical properties for the 55 aluminium-containing 
substances 

CAS RN 
Common name (or 
substance name) 

DSL/R-ICL 
substance 
category 

Molecular 
weight 
(g/mol) 

Water 
solubility 

(mg/L) 

Vapour 
pressure 

(Pa) 

75-24-1 Trimethylaluminum Organometallic 72.1 NA (reactive) 1653a 

96-10-6 Diethylaluminum 
chloride 

Organometallic 120.6 NA (reactive) 28b 

97-93-8 Triethylaluminum Organometallic 114.2 NA (reactive) 3.4c 

300-92-5 Aluminum distearate Organic-metal salt 611.1 Insolubled NA 

563-43-9 Ethylaluminum 
dichloride 

Organometallic 151.0 NA (reactive) 700e 

1070-00-4 Trioctylaluminum Organometallic 366.7 NA (reactive) NA 

1116-73-0 Trihexylaluminum Organometallic 282.6 NA (reactive) NA 

1302-42-7 Sodium aluminate Inorganic 82.0 Very solubled NA 

1317-25-5 Alcloxa; Aluminum 
chlorhydroxy 
allantoinate 

Organometallic 314.6 Solublef NA 

1327-41-9 Aluminum 
hydroxychloride 

UVCB-Inorganic 210.5 Fully soluble 
("550 000")g 

NA 

1328-04-7 C.I. Pigment Violet 5:1 UVCB-Organic-
metal salt 

NA Insolubleh NA 

1344-28-1 Aluminum oxide (Al2O3) Inorganic 102.0 Insolubled NA 

5579-81-7 Aldioxa; Aluminum 
dihydroxy allantoinate 

Organometallic 218.1 Insolublei NA 

7784-18-1 Aluminum fluoride 
(AlF3) 

Inorganic 84.0 5000d NA 

7784-25-0 Ammonium alum 
(anhydrous) 

Inorganic 237.2 Slightly 
solubled 

NA 

7784-26-1 Ammonium alum Inorganic 453.4 Solubled NA 

7784-28-3 Sodium alum Inorganic 462.4 397 000d NA 

7785-88-8 Sodium aluminum 
phosphate  

Inorganic 285.9 Insolublej NA 

10043-67-1 Potassium alum 
(anhydrous)  

Inorganic 258.2 59 000d NA 

10102-71-3 Sodium alum 
(anhydrous) 

Inorganic 242.1 29 100k NA 

10279-59-1 Sodium aluminum 
phosphate (anhydrous) 

R-ICL 897.8 NA NA 

10305-76-7 Sodium aluminum 
phosphate 

R-ICL 949.9 NA NA 

11097-59-9 Synthetic hydrotalcite Inorganic 532.0 Insolublel NA 

11138-49-1 Sodium aluminate UVCB-Inorganic 82.0 Very solubled NA 

12004-11-4 Aluminum calcium oxide 
sulfate 
(Al2Ca4O6(SO4)) 

Inorganic 406.3 NA NA 

12004-14-7 Aluminum calcium oxide 
sulfate 
(Al2Ca6O6(SO4)3) 

Inorganic 678.6 620m NA 
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12005-57-1 Aluminum calcium oxide 
(Al14Ca12O33) 

Inorganic 1386.7 NA NA 

12042-68-1 Aluminum calcium oxide 
(Al2CaO4) 

Inorganic 158.0 NA 
(reactive)d 

NA 

12042-78-3 Aluminum calcium oxide 
(Al2Ca3O6) 

Inorganic 270.2 Insolubled NA 

12042-91-0 Aluminum chlorohydrate Inorganic 174.5 Solublen NA 

13419-15-3 Aluminum oxystearate Organometallic 326.5 Sparingly 
solubleo 

Negligible
o 

14782-75-3 Aluminum 
diisopropoxide 
ethylacetoacetate 

Organometallic 277.4 NA 
(reactive)p 

386.6p 

15096-52-3 Cryolite Inorganic 210.0 400q Negligible
q 

15305-07-4 Aluminum cupferronate Organometallic 438.4 0.28r Negligible
r 

15876-39-8 C.I. Pigment Red 90:1 R-ICL 1991.5 NA NA 

21645-51-2 Aluminum hydroxide 
(Al(OH)3) 

Inorganic 78.0 Insolubled Negligible
s 

30745-55-2 Hydroxyaluminum 2-
ethylhexanoate 

Organic-metal salt 330.5 Insolublet NA 

31142-56-0 Aluminum citrate Organic-metal salt 216.1 NA NA 

39290-78-3 Polyaluminum chloride 
hydroxide sulfate  

Inorganic 175.5 Fully solubleu NA 

53810-32-5 Aluminum hydroxide 
sulfate 
(Al4(OH)6(SO4)3) 

Inorganic 498.2 Fully solublev NA 

54182-58-0 Sucralfate; Sulcrate R-ICL 2086.8 NA NA 

54326-11-3 Aluminum hydroxide 
benzoate stearate 

Organometallic 448.6 Sparingly 
solublew 

NA 

56639-51-1 Aluminum dimyristate R-ICL 498.8 NA NA 

57158-29-9 Aluminum zirconium 
complexes 

UVCB-Inorganic 170.7 Fully solublex NA 

57455-37-5 C.I. Pigment Blue 29 UVCB-Inorganic 994.5 Insolubley NA 

65997-15-1 Cement, portland, 
chemicals 

UVCB-Inorganic NA NA 
(reactive); 
slightly 
solublez 

NA 

65997-16-2 Cement, alumina, 
chemicals 

UVCB-Inorganic NA NA 
(reactive); 
640aa 

Negligible
aa 

68131-74-8 Ashes (residues) UVCB-Inorganic NA Insolubleab NA 

68425-65-0 Aluminum, oxo(2-
propanolato)- 

Organometallic 102.1 NA 
(reactive)ac 

NA 

68475-50-3 Aluminum, tris[5-amino-
4-hydroxy-3-
(phenylazo)-2,7-
naphthalenedisulfonato(
2-)]di- 

R-ICL 1318.2 NA NA 

68647-58-5 Aluminum, benzoate 
hydrogenated tallow 
fatty acid iso-Pr alc. 
complexes 

UVCB-Biological NA NA NA 
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68855-54-9 Flux-calcined 
diatomaceous earth 

UVCB-Inorganic NA Sparingly 
solublead 

NA 

70131-50-9 Bentonite, acid-leached UVCB-Inorganic NA Sparingly 
solubleae 

NA 

90604-80-1 Aluminum zirconium 
complexes 

R-ICL NA NA NA 

134375-99-8 Aluminum zirconium 
complexes  

R-ICL NA NA NA 

Abbreviations: NA: not available; DSL, Domestic Substances List; R-ICL, Revised In Commerce List; UVCB, 
unknown or variable composition, complex reaction products, or biological materials 
a Boublik et al. 1994 as cited in PhysProp 2018 
b Buchan et al. 1991 
c Daubert and Danner 1989 as cited in PhysProp 2018 
d Haynes 2016 
e SDS 2018a 
f TDS 2005 
g O’Neil et al. 2001 
h MSDS 1999 
i TDS 2019 
j Lewis 1997 
k SDS 2018b 
l SDS 2017a 
m ECHA c2007-2019a 
n ECHA c2007-2019b 
o ECHA c2007-2019c 
p ECHA c2007-2019d 
q NIOSH 2018 
r ECHA c2007-2019e 
s ICSC c1996-2018 
t SDS 2018c 
u ECHA c2007-2019f 
v SDS 2017b 
w ECHA c2007-2019g 
x ECHA c2007-2019h 
y SDS 2018d 
z SDS 2015 
aa ECHA c2007-2019i 
ab SDS 2016 
ac ECHA c2007-2019j 
ad ECHA c2007-2019k 
ae ECHA c2007-2019l 
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Appendix C. Quantities, activities, and uses of the 55 
aluminium-containing substances as reported in response to 
CEPA section 71 surveys 

Table C-1. Summary of information on the Canadian manufacture and import of 
the 55 aluminium-containing substances submitted in response to CEPA section 
71 surveys (Environment Canada 2013; ECCC 2017) 

CAS RN Common name 
Total quantity 
manufactured 

(tonnes)a 

Total 
quantity 
imported 
(tonnes)a 

Reporting 
year 

75-24-1 Trimethylaluminum Under 0.1 1 to 10 2011 

96-10-6 Diethylaluminum 
chloride 

Under 0.1 10 to 100 2011 

97-93-8 Triethylaluminum Under 0.1 1 000 to 
10 000 

2011 

300-92-5 Aluminum distearate 0.1 to 1 10 to 100 2011 

563-43-9 Ethylaluminum 
dichloride 

Under 0.1 1 to 10 2011 

1070-00-4 Trioctylaluminum Under 0.1 1 to 10 2011 

1116-73-0 Trihexylaluminum Under 0.1 10 to 100 2011 

1302-42-7 Sodium aluminate 1 000 to 
10 000 

100 to 1 000 2011 

1327-41-9 Aluminum 
hydroxychloride 

Under 0.1 1 000 to 
10 000 

2011 

1344-28-1 Aluminum oxide 10 000 to 
100 000 

1 000 000 to 
10 000 000 

2011 

7784-18-1 Aluminum fluoride Under 0.1 10 000 to 
100 000 

2011 

7784-26-1 Ammonium alum Under 0.1 100 to 1 000 2011 

7784-28-3 Sodium alum Under 0.1 1 to 10 2011 

7785-88-8 Sodium aluminum 
phosphate 

Under 0.1 100 to 1 000 2011 

10043-67-1 Potassium alum 
(anhydrous) 

Under 0.1 Under 0.1 2011 

10102-71-3 Sodium alum 
(anhydrous) 

Under 0.1 100 to 1 000 2011 

11097-59-9 Synthetic hydrotalcite Under 0.1 100 to 1 000 2011 

11138-49-1 Sodium aluminate Under 0.1 1 to 10 2011 

12004-14-7 Aluminum calcium oxide 
sulfate (Al2Ca6O6(SO4)3) 

Under 0.1 1 to 10 2011 

12042-68-1 Aluminum calcium oxide 
(Al2CaO4) 

Under 0.1 10 000 to 
100 000 

2011 

12042-91-0 Aluminum chlorohydrate 100 to 1 000 100 to 1 000 2011 
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CAS RN Common name 
Total quantity 
manufactured 

(tonnes)a 

Total 
quantity 
imported 
(tonnes)a 

Reporting 
year 

13419-15-3 Aluminum oxystearate Under 0.1 0.1 to 1 2011 

14782-75-3 Aluminum 
diisopropoxide 
ethylacetoacetate 

Under 0.1 10 to 100 2011 

15096-52-3 Cryolite 10 000 to 
100 000 

1 to 10 2011 

15305-07-4 Aluminum cupferronate Under 0.1 1 to 10 2011 

39290-78-3 Polyaluminum chloride 
hydroxide sulfate 

1 000 to 
10 000 

100 to 1 000 2011 

53810-32-5 Aluminum hydroxide 
sulfate 

1 000 to 
10 000 

Under 0.1 2011 

54326-11-3 Aluminum hydroxide 
benzoate stearate 

Under 0.1 10 to 100 2011 

57158-29-9 Aluminum zirconium 
complexes 

Under 0.1 10 to 100 2011 

57455-37-5 C.I. Pigment Blue 29 Under 0.1 100 to 1 000 2011 

65997-15-1 Cement, Portland, 
chemicals 

1 000 000 to 
10 000 000 

100 000 to 
1 000 000 

2011 

65997-16-2 Cement, alumina, 
chemicals 

Under 0.1 1 000 to 
10 000 

2011 

68131-74-8 Ashes (residues) Under 0.1 10 to 100 2011 

68425-65-0 Aluminum, oxo(2-
propanolato)- 

Under 0.1 10 to 100 2011 

68855-54-9 Flux-calcined 
diatomaceous earth 

Under 0.1 1 000 to 
10 000 

2011 

70131-50-9 Bentonite, acid-leached Under 0.1 1 to 10 2011 

10305-76-7 Sodium aluminum 
phosphate 

Under 0.1 100 to 1 000 2015 

56639-51-1 Aluminum dimyristate Under 0.1 Under 0.1 2015 

90604-80-1 Aluminum zirconium 
complexes 

Under 0.1 100 to 1 000 2015 

134375-99-8 Aluminum zirconium 
complexes 

Under 0.1 10 to 100 2015 

a Values reflect quantities reported in response to surveys conducted under section 71 of CEPA (Canada 2012, 
2017). See survey for specific inclusions and exclusions (schedules 2 and 3). Quantities are presented as a range of 
values. 

Table C-2. Aluminium-containing substances for which no information was 
submitted in response to CEPA section 71 surveys (Environment Canada 2013; 
ECCC 2017) 

CAS RN Common name List Surveya 
Reporting 

year 
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1317-25-5 Alcloxa DSL Canada 
2012 

2011 

1328-04-7 C.I. Pigment Violet 5:1 DSL Canada 
2012 

2011 

5579-81-7 Aldioxa DSL Canada 
2012 

2011 

7784-25-0 Ammonium alum 
(anhydrous) 

DSL Canada 
2012 

2011 

12004-11-
4 

Aluminum calcium oxide 
sulfate (Al2Ca4O6(SO4)) 

DSL Canada 
2012 

2011 

12005-57-
1 

Aluminum calcium oxide 
(Al14Ca12O33) 

DSL Canada 
2012 

2011 

12042-78-
3 

Aluminum calcium oxide 
(Al2Ca3O6) 

DSL Canada 
2012 

2011 

30745-55-
2 

Aluminum 2-
ethylhexanoate 

DSL Canada 
2012 

2011 

31142-56-
0 

Aluminum citrate DSL Canada 
2012 

2011 

68647-58-
5 

Aluminum, benzoate 
hydrogenated tallow fatty 
acid iso-Pr alc. complexes 

DSL Canada 
2012 

2011 

10279-59-
1 

Sodium aluminum 
phosphate (anhydrous) 

R-ICL Canada 
2017b 

2014 or 2015 

15876-39-
8 

C.I. Pigment Red 90:1 R-ICL Canada 
2017b 

2014 or 2015 

54182-58-
0 

Sucralfate R-ICL Canada 
2017b 

2014 or 2015 

68475-50-
3 

Aluminum, tris[5-amino-4-
hydroxy-3-(phenylazo)-
2,7-
naphthalenedisulfonato(2-
)]di- 

R-ICL Canada 
2017b 

2014 or 2015 

Abbreviations: DSL, Domestic Substances List; R-ICL, Revised In Commerce List 
a Surveys conducted under section 71 of CEPA (Canada 2012, 2017). See survey for specific inclusions and 
exclusions (schedules 2 and 3). 

Aluminum hydroxide (CAS RN 21645-51-2) was the only substance amongst the 55 
aluminium-containing substances not included in a CEPA section 71 survey, given that 
trade data were available from the CBSA for the Harmonized System (HS) code 
2818.30 (aluminum hydroxide). Table C-3 presents HS codes related to the Aluminium-
containing Substances Group, along with average annual import quantities between 
2010 and 2013 (CBSA 2016). The column entitled “HS code years” in Table C-3 
indicates whether an HS code was available throughout 2010 to 2013, or only before or 
after the 2012 update. 
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Table C-3. Canadian import data for Harmonised System (HS) codes relevant to 
the Aluminium-containing Substances Group (CBSA 2016) 

Harmonized 
system (HS) 
code 

HS code 
description 

HS code 
years 

Average 
annual 
quantity 
imported 
(tonnes) 

Related CAS 
RN(s) 

2523.10.0000 Cement clinkers 2010 to 2013 10 000 to 
100 000 

65997-15-1 

2523.21.0000 Portland cement: 
White cement, 
whether or not 
artificially coloured 

2010 to 2013 10 000 to 
100 000 

65997-15-1 

2523.29.0000 Portland cement: 
Other 

2010 to 2013 1 000 000 to 
10 000 000 

65997-15-1 

2523.30.0000 Aluminous cement, 
ciment fondu 

2010 to 2013 100 000 to 
1 000 000 

65997-16-2 

2523.90.0010 Other hydraulic 
cements: Masonry 
cement 

2010 to 2013 100 000 to 
1 000 000 

65997-15-1 

2523.90.0020 Other hydraulic 
cements: Oilwell 
cement 

2010 to 2013 10 000 to 
100 000 

65997-15-1 

2523.90.0030 Other hydraulic 
cements: Slag 
cement 

2010 to 2013 100 000 to 
1 000 000 

65997-15-1 

2523.90.0040 Other hydraulic 
cements: 
Supersulphated 
cement 

2010 to 2013 1 to 10 65997-15-1 

2523.90.0090 Other hydraulic 
cements: Other 

2010 to 2013 1 000 000 to 
10 000 000 

65997-15-1 

2818.20.0010 Alumina, prepared 
for processing into 
aluminum 

2010 to 2013 1 000 000 to 
10 000 000 

1344-28-1 

2818.20.0020 Activated alumina 2010 to 2013 1 000 to 
10 000 

1344-28-1 

2818.20.0090 Aluminum oxide, 
nes 

2010 to 2013 100 000 to 
1 000 000 

1344-28-1 

2818.30.0000 Aluminum 
hydroxide 

2010 to 2013 10 000 to 
100 000 

21645-51-2 

2826.12.0000 Aluminum fluorides 2010 to 2013 10 000 to 
100 000 

7784-18-1 

2826.30.0000 Sodium 
hexafluoroaluminat

2010 to 2013 10 to 100 15096-52-3 



 

119 

e (synthetic 
cryolite) 

2827.49.0010 Aluminum chloride 
hydroxide 

2010 and 
2011 

100 to 1 000 12042-91-0 

2833.30.0010 Aluminum 
ammonium 
sulphate 

2010 and 
2011 

10 to 100 7784-25-0; 
7784-26-1 

2833.30.0020 Aluminum sodium 
sulphate 

2010 and 
2011 

100 to 1 000 7784-28-3; 
10102-71-3 

2841.90.2010 Sodium aluminate 2010 and 
2011 

100 to 1 000 1302-42-7; 
11138-49-1 

2842.90.0050 Sodium aluminum 
phosphate 

2012 and 
2013 

100 to 1 000 7785-88-8; 
10279-59-1; 
10305-76-7 

2842.90.9930 Sodium aluminum 
phosphate 

2010 and 
2011 

100 to 1 000 7785-88-8; 
10279-59-1; 
10305-76-7 

2931.00.1040 Triethylaluminum 2010 and 
2011 

1 000 to 
10 000 

97-93-8 

2931.90.0010 Triethylaluminum 2012 and 
2013 

1 000 to 
10 000 

97-93-8 

3206.41.0000 Ultramarine and 
preparations based 
thereon 

2012 and 
2013 

100 to 1 000 57455-37-5 

3206.41.0010 Ultramarine 
colouring matter 

2010 and 
2011 

100 to 1 000 57455-37-5 

3206.41.0021 Dispersions, based 
on ultramarine 
colouring matter 

2010 and 
2011 

1 to 10 57455-37-5 

3206.41.0029 Preparations, 
based on 
ultramarine 
colouring matter, 
nes 

2010 and 
2011 

100 to 1 000 57455-37-5 

3802.90.0010 Activated clay 2010 to 2013 100 000 to 
1 000 000 

70131-50-9 

3802.90.0040 Activated diatomite 2010 to 2013 1 000 to 
10 000 

68855-54-9 

Abbreviations: nes, not elsewhere specified. 

As part of the CEPA section 71 notice published in 2017 (Canada 2017b), information 
on exports of select substances including the substances in the Aluminium-containing 
Substances Group was collected. This allows an estimate of apparent consumption 
(import plus manufacture minus export) to be made. Since there was a requirement to 
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report quantities of substances in products,11 the potential difference between apparent 
consumption and total consumption should be modest. Apparent consumption of 
surveyed substances within the Aluminium-containing Substances Group for which 
responses were received is shown in Table C-4. 

Table C-4. Apparent consumption for the 55 aluminium-containing substances 
according to information submitted in response to a CEPA section 71 survey 
(Canada 2017b) 

CAS RN Common name Apparent 
consumption 

(tonnes)a 

Reporting 
year 

10305-76-7 Sodium aluminum phosphate 100 to 1000 2015 

134375-99-8 Aluminum zirconium complexes 10 to 100 2015 

56639-51-1 Aluminum dimyristate Under 0.1 2015 

90604-80-1 Aluminum zirconium complexes 100 to 1000 2015 
a Values reflect quantities reported in response to a survey conducted under section 71 of CEPA (Canada 2017b). 
See survey for specific inclusions and exclusions (schedules 2 and 3). 

Table C-5. Uses or functions associated with the largest apparent consumption of 
the 55 aluminium-containing substances according to information submitted in 
response to CEPA section 71 surveys (Environment Canada 2013; ECCC 2017) 

CAS RN Common name 

Use 
associated 
with largest 

quantitya 

Use 
associated 

with second 
largest 

quantitya 

Use 
associated 
with third 

largest 
quantitya 

75-24-1 Trimethylaluminum CBI CBI NA 

96-10-6 Diethylaluminum 
chloride 

Process 
regulator 

NA NA 

97-93-8 Triethylaluminum Process 
regulator 

Intermediate CBI 

300-92-5 Aluminum distearate Processing aid CBI Paint and 
coating 
additive 

563-43-9 Ethylaluminum 
dichloride 

CBI NA NA 

1070-00-4 Trioctylaluminum CBI CBI NA 

1116-73-0 Trihexylaluminum Process 
regulator 

CBI Intermediate 

1302-42-7 Sodium aluminate By-product Solids 
separation 
agent 

Processing aid 

 

11 See survey (Canada 2017b) for specific inclusions and exclusions (schedules 2 and 3). 
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1327-41-9 Aluminum 
hydroxychloride 

Solids 
separation 
agent 

Processing 
aid 

CBI 

1344-28-1 Aluminum oxide Primary 
material in 
aluminum 
production 

Adhesives 
and sealants 

Lubricants and 
additives 

7784-18-1 Aluminum fluoride Process 
regulators 

CBI Processing aid 

7784-26-1 Ammonium alum CBI CBI NA 

7784-28-3 Sodium alum Baking powder NA NA 

7785-88-8 Sodium aluminum 
phosphate 

Food 
leavening 
agent 

Baking 
powder 

NA 

10043-67-1 Potassium alum 
(anhydrous) 

CBI NA NA 

10102-71-3 Sodium alum 
(anhydrous) 

CBI Food 
leavening 
agent 

NA 

11097-59-9 Synthetic hydrotalcite Plastic additive Processing 
aid 

CBI 

11138-49-1 Sodium aluminate CBI Solids 
separation 
agent 

CBI 

12004-14-7 Aluminum calcium 
oxide sulfate 
(Al2Ca6O6(SO4)3) 

Mortar NA NA 

12042-68-1 Aluminum calcium 
oxide (Al2CaO4) 

Refractory CBI CBI 

12042-91-0 Aluminum 
chlorohydrate 

Solids 
separation 
agent 

Processing 
aid 

Antiperspirant 
and deodorant 

13419-15-3 Aluminum 
oxystearate 

Paint and 
coating 
additive 

NA NA 

14782-75-3 Aluminum 
diisopropoxide 
ethylacetoacetate 

Paint and 
coating 
additive 

NA NA 

15096-52-3 Cryolite Aluminum 
electrolysis 
process 

NA NA 

15305-07-4 Aluminum 
cupferronate 

CBI NA NA 
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39290-78-3 Polyaluminum 
chloride hydroxide 
sulfate 

Solids 
separation 
agent 

Processing 
aid 

Coagulant 

53810-32-5 Aluminum hydroxide 
sulfate 

Solids 
separation 
agent 

Processing 
aid 

NA 

54326-11-3 Aluminum hydroxide 
benzoate stearate 

Lubricants and 
additives 

NA NA 

57158-29-9 Aluminum zirconium 
complexes 

Antiperspirant 
and deodorant 

NA NA 

57455-37-5 C.I. Pigment Blue 29 Pigment CBI CBI 

65997-15-1 Cement, Portland, 
chemicals 

Cement 
manufacturing 

Construction 
material 

CBI 

65997-16-2 Cement, alumina, 
chemicals 

Adhesives and 
sealants 

Mortar Filler 

68131-74-8 Ashes (residues) CBI NA NA 

68425-65-0 Aluminum, oxo(2-
propanolato)- 

CBI NA NA 

68855-54-9 Flux-calcined 
diatomaceous earth 

Beer filtration Anti-adhesive 
agent 

Plastic films 

70131-50-9 Bentonite, acid-
leached 

CBI NA NA 

10305-76-7 Sodium aluminum 
phosphate 

CBI NA NA 

56639-51-1 Aluminum dimyristate Cosmetics NA NA 

90604-80-1 Aluminum zirconium 
complexes 

Antiperspirant NA NA 

134375-99-
8 

Aluminum zirconium 
complexes 

NA NA NA 

Abbreviations: CBI, confidential business information; NA, not applicable. 
a Information reported in response to surveys conducted under section 71 of CEPA (Canada 2012, 2017). See survey 
for specific inclusions and exclusions (schedules 2 and 3). 
 

Table C-6. Sectors of activity associated with the largest apparent consumption 
of the 55 aluminium-containing substances based on reporting to CEPA section 
71 surveys (Environment Canada 2013; ECCC 2017) 

CAS 
RN 

Common name 

Sector (NAICS4, 
abbreviated) 

associated with 
largest quantitya 

Sector 
(NAICS4, 

abbreviated) 
associated 

with second 
largest 

quantitya 

Sector 
(NAICS4, 

abbreviated) 
associated 
with third 

largest 
quantitya 

75-24-1 Trimethylaluminum CBI CBI NA 
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96-10-6 Diethylaluminum 
chloride 

Basic chemical 
manufacturing 

CBI NA 

97-93-8 Triethylaluminum Basic chemical 
manufacturing 

Chemical and 
allied product 
wholesalers 

CBI 

300-92-
5 

Aluminum 
distearate 

Basic chemical 
manufacturing 

Chemical and 
allied product 
wholesalers 

Resin and 
synthetic 
rubber 
manufacturing 

563-43-
9 

Ethylaluminum 
dichloride 

CBI NA NA 

1070-
00-4 

Trioctylaluminum CBI CBI NA 

1116-
73-0 

Trihexylaluminum CBI Basic chemical 
manufacturing 

Chemical and 
allied product 
wholesalers 

1302-
42-7 

Sodium aluminate Basic chemical 
manufacturing 

Other chemical 
product 
manufacturing 

Pulp, paper 
and 
paperboard 
mills 

1327-
41-9 

Aluminum 
hydroxychloride 

Basic chemical 
manufacturing 

Chemical and 
allied product 
wholesalers 

CBI 

1344-
28-1 

Aluminum oxide Alumina and 
aluminum 
production 

Iron and steel 
mills and ferro-
alloy 
manufacturing 

Non-ferrous 
metal (except 
aluminum) 
production 

7784-
18-1 

Aluminum fluoride Alumina and 
aluminum 
production 

CBI NA 

7784-
26-1 

Ammonium alum CBI CBI NA 

7784-
28-3 

Sodium alum Chemical and 
allied product 
wholesalers 

NA NA 

7785-
88-8 

Sodium aluminum 
phosphate 

Food 
manufacturing 

Chemical and 
allied product 
wholesalers 

NA 

10043-
67-1 

Potassium alum 
(anhydrous) 

CBI NA NA 

10102-
71-3 

Sodium alum 
(anhydrous) 

CBI Chemical and 
allied product 
wholesalers 

NA 

11097-
59-9 

Synthetic 
hydrotalcite 

CBI Motor vehicle 
manufacturing 

Chemical and 
allied product 
wholesalers 
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11138-
49-1 

Sodium aluminate CBI Chemical and 
allied product 
wholesalers 

NA 

12004-
14-7 

Aluminum calcium 
oxide sulfate 
(Al2Ca6O6(SO4)3) 

Building supplies 
wholesalers 

NA NA 

12042-
68-1 

Aluminum calcium 
oxide (Al2CaO4) 

Iron and steel 
mills and ferro-
alloy 
manufacturing 

Clay product 
and refractory 
manufacturing 

Petroleum and 
coal product 
manufacturing 

12042-
91-0 

Aluminum 
chlorohydrate 

Basic chemical 
manufacturing 

Pharmaceutical, 
toiletries and 
cosmetics 
wholesalers 

Other chemical 
product 
manufacturing 

13419-
15-3 

Aluminum 
oxystearate 

Chemical and 
allied product 
wholesalers 

Paint, coating 
and adhesive 
manufacturing 

NA 

14782-
75-3 

Aluminum 
diisopropoxide 
ethylacetoacetate 

Other chemical 
product 
manufacturing 

Paint, coating 
and adhesive 
manufacturing 

NA 

15096-
52-3 

Cryolite Alumina and 
aluminum 
production 

Iron and steel 
mills and ferro-
alloy 
manufacturing 

Spring and 
wire product 
manufacturing 

15305-
07-4 

Aluminum 
cupferronate 

CBI NA NA 

39290-
78-3 

Polyaluminum 
chloride hydroxide 
sulfate 

Basic chemical 
manufacturing 

CBI CBI 

53810-
32-5 

Aluminum 
hydroxide sulfate 

Basic chemical 
manufacturing 

NA NA 

54326-
11-3 

Aluminum 
hydroxide 
benzoate stearate 

Petroleum and 
coal product 
manufacturing 

Other chemical 
product 
manufacturing 

NA 

57158-
29-9 

Aluminum 
zirconium 
complexes 

Pharmaceutical, 
toiletries and 
cosmetics 
wholesalers 

Chemical and 
allied product 
wholesalers 

NA 

57455-
37-5 

C.I. Pigment Blue 
29 

Plastic product 
manufacturing 

Other chemical 
product 
manufacturing 

Paint, coating 
and adhesive 
manufacturing 

65997-
15-1 

Cement, Portland, 
chemicals 

Cement and 
concrete product 
manufacturing 

CBI Chemical and 
allied product 
wholesalers 
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65997-
16-2 

Cement, alumina, 
chemicals 

Iron and steel 
mills and ferro-
alloy 
manufacturing 

Building 
supplies 
wholesalers 

CBI 

68131-
74-8 

Ashes (residues) Paint, coating 
and adhesive 
manufacturing 

NA NA 

68425-
65-0 

Aluminum, oxo(2-
propanolato)- 

CBI NA NA 

68855-
54-9 

Flux-calcined 
diatomaceous 
earth 

Beverage 
manufacturing 

Rubber product 
manufacturing 

Plastic product 
manufacturing 

70131-
50-9 

Bentonite, acid-
leached 

CBI NA NA 

90604-
80-1 

Aluminum 
zirconium 
complexes 

Grocery stores NA NA 

Abbreviations: CBI, confidential business information; NAICS, North American Industry Classification System; NA, not 
applicable.  
a Information reported in response to surveys conducted under section 71 of CEPA (Canada 2012, 2017). See survey 
for specific inclusions and exclusions (schedules 2 and 3). 
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Appendix D. Releases reported to the NPRI from 2013 to 2017 
for aluminum (fume or dust only) and aluminum oxide 
(fibrous forms only) 

Two aluminium-containing substances have been reportable to the NPRI in recent 
years: aluminum (fume or dust only) (as CAS RN 7429-90-5) and aluminum oxide 
(fibrous forms only) (as CAS RN 1344-28-1). Reporting is mandatory for facilities that 
manufacture, process, or otherwise use these substances at a concentration greater 
than or equal to 1% by weight (except for by-products and mine tailings) and in a 
quantity of 10 tonnes or more, and where employees work 20 000 hours or more per 
year (ECCC [modified 2022b]). 

Although the specification of fume or dust only for aluminum and fibrous forms only for 
aluminum oxide may be limiting in the context of the broader Aluminium-containing 
Substances Group, NPRI data for these two substances were considered as part of the 
lines of evidence as they could potentially connect elevated measured environmental 
concentrations of aluminium to industrial releases and sectors. NPRI data for the five 
most recent years available (2013 to 2017) are presented in the tables below. Industrial 
sectors were attributed as North American Industry Classification System (NAICS) 
codes at the 4-digit level (NAICS4), as notified to the NPRI. 

Table D-1. Sectors reporting the largest releases of aluminum (fume or dust) to 
the National Pollutant Release Inventory from 2013 to 2017 (NPRI [modified 2022]) 

Industrial sector 
(NAICS4) 

Releases 
to air 

(tonnes) 

Releases 
to land 

(tonnes) 

Releases 
to water 
(tonnes) 

Releases to 
unspecified 

media 
(tonnes) 

Total 
releases 
(per year) 
(tonnes) 

Electric power 
generation, 
transmission and 
distribution 

26.4 to 
107.3 

0 0 0 26.4 to 
107.3 

Metal ore mining 20.2 to 
25.8 

0 0 to 1.4 0 to 0.4 21.2 to 
26.3 

Petroleum and coal 
product 
manufacturing 

7.5 to 8.9 0 1.2 to 2.8 0 8.7 to 11.4 

Alumina and 
aluminum production 
and processing 

0.6 to 
32.1 

0 0 0 0.6 to 32.1 

Oil and gas extraction 0 to 16.7 0 0 to 0.7 0 to 0.5 0.5 to 17.1 

Water, sewage and 
other systems 

0 to 14.7 0 0 0 to 0.02 0 to 14.7 

Pulp, paper and 
paperboard mills 

0 to 0.4 0 0 to 4.1 0 to 0.1 0 to 4.6 
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Iron and steel mills 
and ferro-alloy 
manufacturing 

0 to 1.1 0 to 0.01 0 0.2 to 0.6 0.4 to 1.7 

Cement and concrete 
product 
manufacturing 

0 to 2.1 0 0 0 0 to 2.1 

Aerospace product 
and parts 
manufacturing 

0 to 0.7 0 0 0 to 0.5 0 to 0.7 

As shown in Table D-1, the majority of aluminum (fume or dust only) is released to the 
air from electrical power generation, extraction (of metal ore and fossil fuels), and 
aluminum production. Annual aluminum (fume or dust only) disposals are reported in 
Error! Reference source not found..   

Table D-2. Total disposal quantities of aluminum (fume or dust only) from 2013 to 
2017 (NPRI [modified 2022]) 

Year Land 
treatment 
(tonnes) 

Landfill 
(tonnes
) 

Storage 
(tonnes
) 

Tailings 
management 
(tonnes) 

Underground 
injection 
(tonnes) 

Waste rock 
management 
(tonnes) 

Annual 
total 
(tonnes
) 

2013 0 4 535 214 5 432 546 0 10 727 

2014 0 139 10 0 0 0 149 

2015 622 286 11 0 0 0 920 

2016 591 735 13 0 0 0 1 339 

2017 277 1 154 20 0 0 102 1 554 

NAICS4 sectors reporting the largest disposals of aluminum (fume or dust only) over 
this time period were waste treatment and disposal, metal ore mining, pulp, paper and 
paperboard mills, and alumina and aluminum production.  

Table D-3. Sectors reporting the largest releases of aluminum oxide (fibrous 
forms) to the National Pollutant Release Inventory from 2013 to 2017 (NPRI 
[modified 2022]) 

Industrial 
sector 
(NAICS4) 

Releases 
to air 

(tonnes) 

Releases 
to land 

(tonnes) 

Releases 
to water 
(tonnes) 

Releases to 
unspecified 

media 
(tonnes) 

Total 
releases 
(per year) 
(tonnes) 

Aerospace 
product and 
parts 
manufacturing 

0 to 43.2 0 0 0 0 to 43.2 

Motor vehicle 
body and 
trailer 
manufacturing 

0 0 0 0 to 1.5 0 to 1.5 
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Petroleum 
and coal 
product 
manufacturing 

0 0 0 0.1 to 0.2 0.1 to 0.2 

Iron and steel 
mills and 
ferro-alloy 
manufacturing 

0 0 0 0 to 0.1 0 to 0.1 

Ship and boat 
building 

0 0 0 0 to 0.1 0 to 0.1 

Paint, coating 
and adhesive 
manufacturing 

0 0 0 0 to 0.1 0 to 0.1 

As indicated in Error! Reference source not found., the majority of reported releases 
of aluminum oxide (fibrous forms only) have been to air, from the aerospace product 
and parts manufacturing sector. However, these reports ceased after 2015 due to new 
information demonstrating that the form released was not fibrous and thus, no longer 
reportable. 

Table D-4. Total disposal quantities of aluminum oxide (fibrous forms only) from 
2013 to 2017 (NPRI [modified 2022]) 

Year Land 
treatment 
(tonnes) 

Landfill 
(tonnes) 

Storage 
(tonnes) 

Tailings 
management 
(tonnes) 

Underground 
injection 
(tonnes) 

Waste rock 
management 
(tonnes) 

Annual 
total 
(tonnes) 

2013 0 98 0 0 0 0 98 

2014 0 1005 0 0 0 0 1005 

2015 0 1974 0 0 0 0 1974 

2016 0 3226 0 0 0 0 3226 

2017 0 1935 0 0 0 0 1935 

NAICS4 sectors reporting the largest disposals of aluminum oxide (fibrous forms only) 
over this time period were waste treatment and disposal, oil and gas extraction, waste 
collection, and metal ore mining. 
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Appendix E. Background concentrations and toxicity 
modifying factors 

Table E-1. Median total aluminium background concentrations for selected 
Canadian ecozones 

Region Median (µg/L) Sample size 

Boreal Cordillera 258 304 

Boreal Plains 120 645 

Boreal Shield 62 1947 

Mixedwood Plains 27 4444 

Montane Cordillera 34 1951 

Pacific Maritime 111 1467 

Prairies 311 334 

Taiga Cordillera 195 21 
Kilgour & Associates Ltd. 2016. Data from BQMA 2015; FQMS 2014; FQMS 2016; PWQMN [modified 2020]; RAMP 
2016; personal communication, data prepared by the Water Stewardship Division, Province of Manitoba, for the 
Ecological Assessment Division, Environment and Climate Change Canada, dated February 24 2016; unreferenced; 
personal communication, data prepared by the Environmental and Municipal Management Services, Saskatchewan 
Water Security Agency, for the Ecological Assessment Division, Environment and Climate Change Canada, dated 
February 25 2016; unreferenced. 

Table E-2. Representative toxicity modifying factor values for selected Canadian 
ecozones 

Region Total 
hardness 
sample 
size 

Geometric 
mean of 
total 
hardness 
(mg/L) 

pH 
sample 
size 

Mean 
of pH  

DOC 
sample 
size 

Geometric 
mean of 
DOC 
(mg/L) 

Atlantic 
Maritime 

5  32 110 7.2 35 4.4 

Boreal 
Cordillera 

305 79 283 8.0 210 1.5 

Boreal Plains 643 120 656 8.0 486 19 

Boreal Shield 1655 40 1981 7.8 1009 7.4 

Mixedwood 
Plains 

4941 150 5154 8.3 1394 5.3 

Montane 
Cordillera 

1936 61 1858 7.9 1070 1.2 

Pacific 
Maritime 

1490 19 1475 7.3 837 1.4 

Prairies 369 260 420 8.2 20 10 

Taiga 
Cordillera 

22 110 22 8.0 20 10 

Taiga Shield 175 7.4 176 6.9 160 3.6 
Abbreviation: DOC, dissolved organic carbon. 
BQMA 2015; FQMS 2016; NLTWQM [modified 2022]; PWQMN [modified 2020]; RAMP 2016; personal 
communication, data prepared by the Water Stewardship Division, Province of Manitoba, for the Ecological 
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Assessment Division, Environment and Climate Change Canada, dated February 24, 2016; unreferenced; personal 
communication, data prepared by the Environmental and Municipal Management Services, Saskatchewan Water 
Security Agency, for the Ecological Assessment Division, Environment and Climate Change Canada, dated February 
25, 2016; unreferenced. 
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Appendix F. Potential to cause harm to soil invertebrates  

Error! Reference source not found. summarizes the key soil toxicity studies identified. 
Endpoints from only the first two studies were statistically derived and therefore, were 
the only endpoints considered for the derivation of the soil PNEC (van Gestel and 
Hoogerwerf 2001; Zhao and Qiu 2010). Endpoints for the remaining studies were 
estimated on the basis of the concentrations reported and serve to support the weight of 
evidence. 
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Table F-1. Key studies considered in selecting a critical toxicity value for soil 

Test organism Endpoint 
Test 

substance 
pH 

Value 
(mg/kg) 

Reference 

Earthworm 
(Eisenia andrei) 

14-day LC50 Al2O3 
2.4 to 7.1 

(KCl) 
>5000 

van Gestel and 
Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

14-day LC50 AlCl3 
3.2 to 3.5 

(KCl) 
316 

van Gestel and 
Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

14-day LC50 AlCl3 
3.7 to 4.4 

(KCl) 
359 

van Gestel and 
Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

14-day LC50 AlCl3 
4.4 to 6.7 

(KCl) 
>1000 

van Gestel and 
Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

14-day LC50 Al2(SO4)3 3.24 (KCl) 457 
van Gestel and 

Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

14-day LC50 Al2(SO4)3 
4.86 to 7.2 

(KCl) 
>4000 

van Gestel and 
Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

EC50, growth Al2(SO4)3 3.4 (KCl) 189 
van Gestel and 

Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

EC50, growth Al2(SO4)3 
4.3 to 7.3 

(KCl) 
>1000 

van Gestel and 
Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

EC50, cocoon 
production 

Al2(SO4)3 3.4 (KCl) 294 
van Gestel and 

Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

EC50, cocoon 
production 

Al2(SO4)3 4.3 (KCl) 529 
van Gestel and 

Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

EC50, cocoon 
production 

Al2(SO4)3 7.3 (KCl) 291 
van Gestel and 

Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

NOEC, growth Al2(SO4)3 
4.3; 7.3 
(KCl) 

100 
van Gestel and 

Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

NOEC, cocoon 
production 

Al2(SO4)3 
3.4 to 7.3 

(KCl) 
100 

van Gestel and 
Hoogerwerf (2001) 

Earthworm 
(Eisenia andrei) 

14-day LC50 AlCl3 7.0 532 Zhao and Qiu 2010 

Earthworm 
(Eisenia andrei) 

28-day LOEC, 
survival 

AlCl3 4.3 100 Zhang et al. 2013 

Earthworm 
(Eisenia andrei) 

28-day LOEC, 
avoidance 

AlCl3 4.3 25 Zhang et al. 2013 

Earthworm 
(Octodrilus 

complanatus) 

50-day LOEC, 
weight 

Al(OH)3 7.55 (H2O) 2000 Bilalis et al. 2013 

Earthworm 
(Octodrilus 

complanatus) 

50-day LOEC, 
protein % 

Al(OH)3 7.4 (H2O) 1000 Bilalis et al. 2013 

Earthworm 
(Eisenia andrei) 

LOEC, sub-
lethal effects 

Al(NO3)3 4.6 (H2O) 50 Tejada et al. 2010 

Earthworm 
(Dendrodrilus 

rubidus) 

NOEC, sub-
lethal effects 

AlCl3 4.9 (KCl) 10 
Rundgren and 
Nilsson 1997 

Earthworm 
(Dendrodrilus 

rubidus) 

LOEC, sub-
lethal effects 

AlCl3 4.8 (KCl) 25 
Rundgren and 
Nilsson 1997 

Abbreviations: EC50, median effect concentration; LC50, median lethal concentration; LOEC, lowest observed effect 
concentration; NOEC, no observed effect concentration.  
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Appendix G. Exposure to environmental media, food, and 
drinking water 

Table G-1. General human exposure factors for different age groups in scenariosa   

Age groups Body weight 
(kg) 

Inhalation 
rate (m3/day) 

Soil ingestion 
rate (µg/day) 

Dust 
ingestion 

rate 
(µg/day) 

0 to 5 months 6.3 3.7 N/A 21.6 

6 to 11 months 9.1 5.4 7.3 27.0 

1 year 11 8.0 8.8 35.0 

2 to 3 years 15 9.2 6.2 21.4 

4 to 8 years  23 11.1 8.7 24.4 

9 to 13 years  42 13.9 6.9 23.8 

14 to 18 years  62 15.9 1.4 2.1 

Adults (19+) 74 15.1 1.6 2.6 
a Health Canada [modified 2022c] 

Table G-2. Concentrations of aluminium in environmental media in Canada 

Media Median 95th percentile n Reference 
Drinking water – 
non-municipal 

Mean 0.02 mg/L Max. 14.00 mg/L 
(SK) 

4321 Health Canada 2021a; 
personal communication, 
emails from the WAQB, 
Health Canada, to the 

ESRAB, Health Canada, 
dated March 4, 2020; 

unreferenced 

Drinking water – 
ground treated 
and surface 
water 

Mean 
0.008 mg/L 

Max. 2.030 mg/L 
(SK) 

1844 Health Canada 2021a; 
personal communication, 
emails from the WAQB, 
Health Canada, to the 

ESRAB, Health Canada, 
dated March 4, 2020; 

unreferenced 

Drinking water – 
distributed water 
– ground and 
surface water 

Mean 
0.015 mg/L 

Max. 1.420 mg/L 
(SK) 

4307 Health Canada 2021a; 
personal communication, 
emails from the WAQB, 
Health Canada, to the 

ESRAB, Health Canada, 
dated March 4, 2020; 

unreferenced 

Drinking water – 
surface treated 

Mean 
0.120 mg/L 

Max. 7.970 mg/L 
(MB) 

2469 Health Canada 2021a; 
personal communication, 
emails from the WAQB, 
Health Canada, to the 

ESRAB, Health Canada, 
dated March 4, 2020; 

unreferenced 
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Drinking water – 
surface 
distribution 

Mean 
0.111 mg/L 

Max. 6.600 mg/L 
(NL) 

7208 Health Canada 2021a; 
personal communication, 
emails from the WAQB, 
Health Canada, to the 

ESRAB, Health Canada, 
dated March 4, 2020; 

unreferenced 

Drinking water – 
municipal 
(source) 

0.025 mg/L 0.2085 mg/L 124 Tugulea 2016 

Drinking water – 
municipal 
(distributed 
water - D2) 

0.013 mg/L 0.122 mg/L 97 Tugulea 2016 

Drinking water, 
on reserve in 
Atlantic region, 
AB, BC, ON, 
MB, QC, and SK 

NA Range 

0.105 to 
33.1 mg/La 

NA FNFNES Chan et al. 2011, 
2012, 2014, 2016, 2018, 

2019a, 2019b 

NAPS outdoor 
air PM2.5 

16 ng/m3 329 ng/m3 969 NAPS 2015 

NAPS outdoor 
air PM2.5 

18.5 ng/m3 50.9 ng/m3 820 NAPS [modified 2022] 

NAPS outdoor 
air PM2.5 

14.4 ng/m3 41.9 ng/m3 1334 NAPS [modified 2022] 

NAPS outdoor 
air PM2.5 

17.7 ng/m3 53.6 ng/m3 1189 NAPS [modified 2022] 

Outdoor air 
PM2.5 

58.7 ng/m3 190 ng/m3 121 Rasmussen et al. 2018 

Outdoor air 
PM2.5 

Mean 69.0 ng/m3 Max. 9 240 ng/m3  Approx. 
20 000  

EC, HC 2010 

Outdoor air 
PM2.5 

14.7 ng/m3 55.9 ng/m3 595 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Outdoor air 
PM2.5 

NA 32.6 ng/m3 125 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Outdoor air 
PM2.5 

2.2 ng/m3 62.8 ng/m3 131 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Outdoor air 
PM2.5, port 

9.1 ng/m3 47.8 ng/m3 512 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 
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February 18, 2020; 
unreferenced 

Outdoor air 
PM2.5, steel mill 

78.8 ng/m3 338.7 ng/m3 105 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Outdoor air 
PM2.5, shale gas 
plant 

133.7 ng/m3 199.1 ng/m3 55 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Outdoor air 
PM2.5, oil sands 

15 to 46 ng/m3 65 to 230 ng/m3 230 WBEA 2019 

Outdoor air 
PM2.5, oil sands 

13 to 51 ng/m3 50 to 240 ng/m3 302 WBEA 2020 

Outdoor air 
PM10–2.5 

152 ng/m3 348 ng/m3 121 Rasmussen et al. 2018 

Outdoor air PM10 
Mean 170 ng/m3 Max. 24 940 ng/m3 Approx. 

10 000 
EC, HC 2010 

Outdoor air 
PM10, port 

71.4 ng/m3 292.3 ng/m3 271 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Indoor air PM2.5 23.7 ng/m3 141 ng/m3 121 Rasmussen et al. 2018 

Indoor air PM2.5 

12.2 ng/m3 53.4 ng/m3 610 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Indoor air PM2.5 

22.4 ng/m3 119.1 ng/m3 133 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Indoor air PM2.5 

17.0 ng/m3 131.1 ng/m3 79 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Indoor air PM10–

2.5 
102 ng/m3 449 ng/m3 121 Rasmussen et al. 2018 

Indoor air PM10 
Mean 

1 490 µg/m3 
NA Approx. 

2 900 
PTEAM study Riverside, 

California 1990 as cited in 
EC, HC 2010 

Personal air 
PM2.5 

19.0 ng/m3 111 ng/m3 78 Rasmussen et al. 2018 
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Personal air 
PM10–2.5 

173 ng/m3 910 ng/m3 78 Rasmussen et al. 2018 

Personal air 
PM2.5, subways 

39.0 to 495.8 
ng/m3 

193.7 to 577.2 
ng/m3 

54 

Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Personal air 
PM10, subways 

249.6 to 1 106 
ng/m3 

736.5 to 2 088 
ng/m3 

54 

Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Personal air 
PM2.5, buses 

60.5 to 105.1 
ng/m3 

168.1 to 1 323 
ng/m3 

54 

Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Personal air 
PM10, buses  

519 to 1 308 
ng/m3 

1 445 to 3 513 
ng/m3 

54 

Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Indoor air PM2.5, 

Private Car 

19.2 to 77.8 
ng/m3 

35.6 to 155.6 
ng/m3 

22 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Indoor air PM10, 

Private Car 

59.4 to 308.8 
ng/m3 

103.3 to 555.3 
ng/m3 

22 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Outdoor air 
PM2.5, Private 
Car 

37.4 to 102.7 
ng/m3 

110 to 1 533 ng/m3 22 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Outdoor air 
PM10, Private Car 

248.9 to 1 257 
ng/m3 

1 627 to 1 818 
ng/m3 

22 Personal communication, 
email from the WAQB, Health 

Canada, to the ESRAB, 
Health Canada, dated 

February 18, 2020; 
unreferenced 

Settled house 
dust 

11 453 ug/g NA 60 Rasmussen et al. 2018 

Soil (10 
provinces) 

Mean 
41 000 mg/kg 

Max. 87 633 mg/kg >40 
studies 

EC, HC 2010 as cited in 
Health Canada 2021a 
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Infant formula, 
milk-based 

NA Range 
0.040 to 0.171 µg/g 

NA Health Canada [modified 
2022b] 

Infant formula, 
milk-based 

440 ng/g Range 
0.0010 to 3.400 

µg/g 

437 Dabeka et al. 2011 

Infant formula, 
soy-based 

NA Range 
0.258 to 0.476 µg/g 

NA Health Canada [modified 
2022b] 

Infant formula, 
soy-based 

0.73 µg/g Range             
0.230 to 1.100 µg/g 

437 Dabeka et al. 2011 

Human milk 

 

Mean 
0.1133 mg/L 

NA 17  EC, HC 2010 

Human milk 

<0.00012 mg/L 0.0151 mg/L 847 Ppersonal communication, 
email from the FD, Health 
Canada, to the ESRAB, 

Health Canada, dated March 
26, 2020; unreferenced 

Abbreviations: MB, Manitoba; NA, not available; NL, Newfoundland; PM1, Particulate matter of aerodynamic diameter 
of 1 μm or less; PM2.5, Particulate matter of aerodynamic diameter of 2.5 μm or less; PM10-2.5, Particulate matter of 
aerodynamic diameter between 2.5 μm and 10 μm; PM10, Particulate matter of aerodynamic diameter of 10 μm or 
less; SK, Saskatchewan. 
a Reported samples with aluminium above the guidance value of 100 µg/L. 

Table G-3. Mean dietary exposure estimates (95% confidence intervals) (Food 
Directorate, personal communication, 2020, unreferenced)  

Age (years) and gender Mean, usual exposure  
(mg/kg bw per day) 

Under 1 – M & F (formula 
fed) 

0.086 

1 to 3 – M & F 0.089 (0.085,0.093) 

4 to 8 – M & F 0.073 (0.072,0.075) 

9 to 13 – M 0.053 (0.051,0.056) 

9 to 13 – F 0.049 (0.046,0.052) 

14 to 18 – M 0.034 (0.033,0.035) 

14 to 18 – F 0.032 (0.030,0.034) 

19 to 30 – M 0.027 (0.026,0.029) 

19 to 30 – F 0.028 (0.027,0.030) 

31 to 50 – M 0.026 (0.024,0.028) 

31 to 50 – F 0.029 (0.028,0.031) 

51 to 70 – M 0.025 (0.024,0.026) 

51 to 70 – F 0.030 (0.029,0.033) 

71 or more – M 0.030 (0.028,0.032) 

71 or more – F 0.032 (0.031,0.035) 
Abbreviations: F, females; M, males 

Table G-4. Estimated intake of aluminium by Indigenous communities in the 
Sahtú and Dehcho regions of the Northwest Territories (NWT) from the 
consumption of certain country foods  
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Age  Intake from 
consumption of 
land animals  
(mg/kg bw/day)a 

Intake from 
consumption of 
large game 
organs  
(mg/kg bw/day)b 

Intake from 
consumption of 
land animals and 
large game 
organs (mg/kg 
bw/day)c 

4 to 8 years old 7.71 × 10-2 1.88 × 10-3 7.90 × 10-2 

9 to 13 years old 4.22 × 10-2 1.03 × 10-3 4.33 × 10-2 

14 to 18 years old 2.86 × 10-2 6.97 × 10-4 2.93 ×x 10-2 

Adults 19+ 2.40 x 10-2 5.84 × 10-4 2.46 × 10-2 
a Conservatively assuming the concentration of aluminium is equal to the highest mean aluminium concentration 
reported in a study of land animals by Larter et al. (2016) (16.7 mg/kg in Mountain Caribou). Indigenous persons in 
the Sahtú and Dehcho regions in the NWT were assumed to consume 143 g of land animals 5.2 times/week (Ratelle 
et al. 2020a). 
b Conservatively assuming the concentration of aluminium is equal to the highest mean aluminium concentration 
reported in a study of land animal organs by Larter et al. (2016) (0.36 mg/kg in Mountain Caribou kidney). Indigenous 
persons in the Sahtú and Dehcho regions in the NWT were assumed to consume 100 g of large game organs 
8.4 times/week (Ratelle et al. 2020a). 
c This is an estimate of intake from the reported country food commodities in Indigenous communities in the Sahtú 
and Dehcho regions in the NWT. As there are limited available data, the intake estimates presented are not 
representative of the mean dietary exposure of this community or mean exposure of other Indigenous communities.  

Table G-5. Estimated average daily intake (mg/kg bw/day) of aluminium by the 
general population in Canada from environmental media, food, and drinking water 

Route of 
exposure 

0 to 5 
monthsa 

(human 
milk-
fed)b 

0 to 5 
monthsa 
(formula-

fed)c 

6 to 11 
months 

c,d 

1 
year 

2 to 3 
years 

4 to 8 
years 

9 to 13 
years 

14 to 18 
years 

≥19 
years 

Ambient 
aire 

5.1 × 10-6 5.1 × 10-6 5.1 × 10-6 
6.3 × 
10-6 

5.3 × 
10-6 

4.2 × 
10-6 

2.9 × 
10-6 

2.2 × 10-6 
1.8 × 10-

6 

Indoor airf 1.2 × 10-5 1.2 × 10-5 1.2 × 10-5 
1.5 × 
10-5 

1.3 × 
10-5 

1.0 × 
10-5 

6.9 × 
10-6 

5.3 × 10-6 
4.2 × 10-

6 

Drinking 
waterg 

N/A 1.5 × 10-2 9.3 × 10-3 
3.6 × 
10-3 

3.2 × 
10-3 

2.6 × 
10-3 

2.0 × 
10-3 

2.0 × 10-3 
2.3 × 10-

3 

Food and 
beveragesh 

1.9 × 10-3 8.6 × 10-2 8.6 × 10-2 
8.9 × 
10-2 

8.9 × 
10-2 

7.3 × 
10-2 

5.3 × 
10-2 

3.4 × 10-2 
3.2 × 10-

2 

Soili N/A N/A 3.3 × 10-2 3.3 × 
10-2 

1.7 × 
10-2 

1.6 × 
10-2 

6.7 × 
10-3 

9.3 × 10-4 
8.9 × 10-

4 

Dustj 3.9 × 10-2 3.9 × 10-2 3.4 × 10-2 
3.6 × 
10-2 

1.6 × 
10-2 

1.2 × 
10-2 

6.5 × 
10-3 

3.9 × 10-4 
4.0 × 10-

4 

Total intake 
(mg/kg 
bw/day) 

0.041 0.140 0.16 0.16 0.13 0.10 0.066 0.036 0.032 

Abbreviations: N/A, not applicable 
a It is assumed that no soil ingestion occurs due to typical caregiver practices. 
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b The mean aluminium concentration in human milk is assumed to be 0.0151 mg/L (personal communication, email 
from the FD, Health Canada, to the ESRAB, Health Canada, dated March 26, 2020; unreferenced). This aluminium 
concentration was adjusted for the density of human milk (1.030 g/mL) (US EPA 2011). Exclusively for human milk-
fed infants, assumed to consume 127.95 g/kg bw/day (0.783 L) of human milk per day, and human milk is assumed 
to be the only dietary source for infants under 6 months (Arcus-Arth et al. 2005; Health Canada 2018). 
c Milk and soy-based infant formulas from CFIA data are included in the total dietary exposure estimates for 
aluminium (Table G-3, Appendix G) (personal communication, email from the FD, Health Canada, to the ESRAB, 
Health Canada, dated March 26, 2020; unreferenced). Exclusively for formula-fed infants who are assumed to drink 
0.826 L of water per day (Health Canada 2018), where water is used to reconstitute formula. 
d Daily aluminium intakes from human milk for children older than 6 months were not quantified but are expected to 
be lower than the aluminium intakes of formula-fed children or children of the same age consuming solid foods. 
e Intake estimated using average outdoor air concentration PM2.5 of 0.069 µg/m3 (n = >10 000) (EC, HC 2010). 
Canadians are assumed to spend 3 hours outdoors each day (Health Canada 1998). 
f Intake estimated using the median 24-hr indoor air sample PM2.5 of 23.7 ng/m3 (n = 121) measured in Windsor, 
Ontario (Rasmussen et al. 2018). Canadians are assumed to spend 21 hours indoors each day (Health Canada 
1998). 
g Intake estimated using mean concentration in distributed surface water of 0.111 mg/L (n = 7208) (Health Canada 
2021a).  
h Dietary exposure to aluminium was estimated using results from over 18 500 samples of food analyzed as part of 
the Total Diet Study (2008–2010 data) and by the Canadian Food Inspection Agency (2007–2013 data). Food 
consumption data from the Canadian Community Health Survey (CCHS) Cycle 2.2 (Statistics Canada 2004) were 
used to estimate usual dietary exposures, which were calculated using a probabilistic approach. When age groups 
were not comparable, the highest estimate was taken from the applicable age groups; details in Table G-3. 
i Intake estimated using the average aluminium concentration of 41 000 mg/kg in soil from 10 provinces (EC, HC 
2010). Aluminium bioaccessibility factor from soil was not applied to the estimated intake (see section 8.2.1). 
j Intake estimated using the median aluminium concentration of 11 453 ug/g measured in 60 homes in Windsor, 
Ontario (Rasmussen et al. 2018). Aluminium bioaccessibility factor from dust was not applied to the estimated intake 
(see section 8.2.1). 

Appendix H. Inhalation exposures to humans from products 
available to consumers 

Exposure estimates were derived for multiple age groups; however, only estimates for 
the age group with the highest exposure estimate are presented here. Exposure 
estimates were derived using the highest concentration (weight fraction) of aluminium-
containing substances found per product type or scenario, unless otherwise noted. The 
concentration of aluminium-containing substances in products available to consumers 
was obtained through information notified to Health Canada under the Cosmetic 
Notification System, the internal LNHPD [modified 2022], and the internal DPD 
[modified 2022] as noted in section 8.2.2.  

Product amount, retention factor, and frequency of use in self-care product estimates 
were assumed from internal defaults, unless otherwise noted (Health Canada 2020). 
The values used for product amount, retention factors, exposure frequency (that is, 
frequency of use), and retention factors were developed through a process established 
for CMP assessments (Health Canada 2020). This process includes a review of 
available data on product amount, frequency of use, and retention factors of self-care 
products for comprehensiveness of the study or survey, the relevance of the data 
collected, and the type of information collected. The highest central tendency value from 
the studies with the highest quality rating is selected for use in CMP assessments, and 
underlying studies are cited. 
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Default inputs from the ConsExpo Web application and associated fact sheets (RIVM 
2007) were used to estimate exposure from spray products with aluminium-containing 
substances, unless otherwise noted in Table H-1 below. Exposure from the use of 
powder self-care products and aluminium chlorohydrate containing sprays was 
estimated on the basis of data from exposure studies as described in section 8.2.2. 

Table H-1. Exposure factors for estimating air concentrations via use of products 
available to consumers  

Product Exposure factors 

Mean event 
exposure 
estimate 
(mg/m3) 

Adjusted 
exposure 

Aerosol 
spray 
deodorant, 
potassium 
alum 

From factsheet “Cosmetics: Deodorant 
cosmetics: Deodorant spray” 
Scenario “Application” 
Exposure model “Exposure to spray - spraying” 

Age group: adults  
Concentration: 3% potassium alum 
Exposure frequency: 1.3/day 
Spray duration: 0.17 min 
Exposure duration: 5 min 
Room volume: 10 m3 

Room height: 2.5 m  
Cloud volume: 0.0625 m3  
Ventilation rate: 2 per hour 
Mass generation rate: 0.45 g/s 
Airborne fraction: 0.9 
Density non-volatile: 1.8 g/cm3  
Inhalation cut-off diameter: 10 μma  
Aerosol diameter: normal 
Mean diameter: 27.8 μmb 

Standard deviation: 18.3b 

Maximum diameter: 130 μmb 

Spraying towards person: yes 

Adjusted daily air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) × exposure frequency 
(/day) / 1440 min/day] 

1.7  Adjusted daily 
air 
concentration: 
7.6 × 10-3 mg 
substance/m3 
(Adult) 

Aerosol 
sunscreen, 

From factsheet “Cosmetics: Deodorant  
cosmetics: Deodorant spray” 
Scenario “Application” 

0.18 Adjusted daily 
air 
concentration: 
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Product Exposure factors 

Mean event 
exposure 
estimate 
(mg/m3) 

Adjusted 
exposure 

aluminium 
oxide 

Exposure model “Exposure to spray - spraying” 

Age group: 1 year old to 13 years old 
Concentration: 2.535% aluminium oxide  
Exposure frequency: 1.6/day 
Spray duration: 0.2633 minc  
Exposure duration: 5 min 
Room volume: 10 m3 

Room height: 2.5 m  
Ventilation rate: 2 per hour 
Cloud volume: 0.0625 m3  
Mass generation rate: 0.45 g/s 
Airborne fraction: 0.9 
Density non-volatile: 1.5 g/cm3  
Inhalation cut-off diameter: 10 μma  
Aerosol diameter: normal 
Mean diameter: 57.9 μmb 

Standard deviation: 21.0b 
Maximum diameter: 138 μmb 
Spraying towards person: yes 

Adjusted daily air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) × exposure frequency 
(/day) / 1440 min/day] 

9.4 × 10-4 mg 
substance/m3 
(1 year old to 
13 years old) 

Aerosol 
temporary 
hair colour, 
C.I. 
Pigment 
Blue 29  

From factsheet “Cosmetics: Hair care: Hair dye 
spray ” 
Scenario “Application” 
Exposure model “Exposure to spray - spraying” 

Age group: 4 years old to adult 
Concentration: 30% C.I. Pigment Blue 29  
Spray duration: 0.24 min 
Exposure duration: 5 min 
Room volume: 10 m3 

Room height: 2.5 m  
Ventilation rate: 2 per hour 
Cloud volume: 0.0625 m3  
Mass generation rate: 0.4 g/s 

5.4 Adjusted 4-
hour air 
concentration: 
1.1 × 10-1 mg 
substance/m3 

(4 years old to 
adult) 
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Product Exposure factors 

Mean event 
exposure 
estimate 
(mg/m3) 

Adjusted 
exposure 

Airborne fraction: 0.2 
Density non-volatile: 1.5 g/cm3  
Inhalation cut-off diameter: 10 μma  
Aerosol diameter: log-normal 
Mean diameter: 46.5 μm 

Arithmetic coefficient of variation: 2.1 
Maximum diameter: 50 μm 
Spraying towards person: yes 

Adjusted 4-hour air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) / 240 min] 

Face 
makeup 
powder, 
aluminium 
hydroxide 

Algorithm:  
mean event air concentration (mg/m3) = 
average talc study concentration (mg/m3) × 
maximum aluminium-containing substance 
concentration in product (fraction) 

Age group: adult 
Average talc study concentration: 1.36 mg/m3 d 
Concentration: 30% aluminium hydroxide 
Exposure duration: 5 mine 

Exposure frequency: 1/day 

Adjusted daily air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) × exposure frequency 
(/day) / 1440 min/day] 

0.41 Adjusted daily 
air 
concentration: 
1.4 × 10-3 mg 
substance/m3 
(Adult) 

Powdered 
sunscreen, 
aluminium 
oxide 

Algorithm:  
mean event air concentration (mg/m3) = 
average talc study concentration (mg/m3) × 
maximum aluminium-containing substance 
concentration in product (fraction) 

Age group: 1 year old to 13 years old 
Average talc study concentration: 1.36 mg/m3 d  
Concentration: 2.5% aluminium oxide 
Exposure duration: 5 mine 

Exposure frequency: 1.6/day 

3.5 × 10-2 Adjusted daily 
air 
concentration: 
1.9 × 10-4 mg 
substance/m3 
(1 year old to 
13 years old) 
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Product Exposure factors 

Mean event 
exposure 
estimate 
(mg/m3) 

Adjusted 
exposure 

Adjusted daily air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) × exposure frequency 
(/day) / 1440 min/day] 

Loose foot 
powder, 
aluminium 
chlorohydra
te  

Algorithm:  
mean event air concentration (mg/m3) = 
average talc study concentration (mg/m3) × 
maximum aluminium-containing substance 
concentration in product (fraction) 

Age group: 3 years old to adult 
Average talc study concentration: 1.36 mg/m3 d 
Concentration: 1% aluminium chlorohydrate 
Exposure duration: 5 mine 

Exposure frequency: 0.75/day 

Adjusted daily air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) × exposure frequency 
(/day) / 1440 min/day] 

1.4 x 10-2 Adjusted daily 
air 
concentration: 
3.6 × 10-5 mg 
substance/m3 
(3 years old to 
adult) 

Aerosol 
antiperspira
nt, 
aluminium 
chlorohydra
te 

Algorithm:  
mean event air concentration (mg/m3) = ACH 
study air concentration (mg/m3) × (maximum 
ACH concentration in product / ACH study 
concentration) 

Age group: adult 
ACH study air concentration: 0.518 mg/m3 f 
Maximum ACH concentration in product: 25%  
ACH study concentration: 4.2% g 
Exposure duration: 5 minh 

Exposure frequency: 1.3/day 

Age group: 14 to 18 years old 
ACH study air concentration: 0.518 mg/m3 f 
Maximum ACH concentration in product: 25%  
ACH study concentration: 4.2%g 
Exposure duration: 5 minh 

3.1 (Adult, 
14 to 18 
years old 
and 9 to 13 
years old) 

Adjusted daily 
air 
concentration: 
1.4 × 10-2 mg 
substance/m3 
(Adult) 

Adjusted daily 
air 
concentration: 
1.3 × 10-2 mg 
substance/m3 
(14 to 18 years 
old) 

Adjusted daily 
air 
concentration: 
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Product Exposure factors 

Mean event 
exposure 
estimate 
(mg/m3) 

Adjusted 
exposure 

Exposure frequency: 1.2/day 

Age group: 9 to 13 years old 
ACH study air concentration: 0.518 mg/m3 f 
Maximum ACH concentration in product: 25%  
ACH study concentration: 4.2%g 
Exposure duration: 5 minh 

Exposure frequency: 1.1/day 

Adjusted daily air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) × exposure frequency 
(/day) / 1440 min/day] 

1.2 × 10-2 mg 
substance/m3 
(9 to 13 years 
old) 

Foot 
deodorant 
spray, 
aluminium 
chlorohydra
te 

Algorithm:  
mean event air concentration (mg/m3) = ACH 
study air concentration (mg/m3) × (maximum 
ACH concentration in product / ACH study 
concentration) 

Age group: 2 years old to adult 
ACH study air concentration: 0.518 mg/m3 f 
Maximum ACH concentration in product: 10%  
ACH study concentration: 4.2%g 
Exposure duration: 5 minh 

Exposure frequency: 1/day 

Adjusted daily air concentration (mg/m3) = 
mean event air concentration (mg/m3) × 
[exposure duration (min) × exposure frequency 
(/day) / 1440 min/day] 

1.2  Adjusted daily 
air 
concentration: 
3.2 × 10-3 mg 
substance/m3 
(2 years old to 
adult) 

Abbreviations: ACH, aluminium chlorohydrate 
a ConsExpo default for inhalation cut-off diameter is 15 μm; this has been adjusted to 10 μm, which is the default 
typically used by the Existing Substances Risk Assessment Bureau (Health Canada). 
b Particle size distribution of aerosol skin care products (deodorant, sunscreen, etc.) is based on particle size 
distributions of over-the-counter aerosol drug products (that is, sunscreen and antiperspirants) measured by Liu et al. 
(2019). 
c Spray duration is adjusted on the basis of the ratio of product amount of spray sunscreen used compared to product 
amount of spray deodorant used (Health Canada 2020). 
d Overall average PM4 event air concentration is from Anderson et al. 2017 and Rasmussen et al. 2019. 
e Exposure time for powder face makeup, body powder, and foot powder is 5 minutes, considering the duration of 
particle cloud, study sampling duration, formation of secondary exposure clouds, and median time spent in the 
bathroom following a shower or bath (RIVM 2007; US EPA 2011; ECCC, HC 2021). 
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f Schwarz et al. 2018; study air concentration of ACH calculated assuming a mass fraction of 30.9% aluminium in 
ACH (CAS RN 12042-91-0) (MW = 174 g/mol, Al2ClH5O5). Study air conc. ACH = 0.16 mg Al/m3 / 0.309.  
g ACH study concentration = Al study concentration from Schwarz et al. (2018) / mass fraction of 30.9% aluminium in 
ACH. 
h Exposure time is 5 minutes for aerosol deodorant spray and aerosol foot spray on the basis of default exposure time 
for deodorant spray scenario from the RIVM cosmetics factsheet and median time spent in the bathroom following a 
shower or bath (RIVM 2007; US EPA 2011; ECCC, HC 2021). 

 

Appendix I. Aluminium biomonitoring data  

Table I-1. Concentrations of total aluminium in whole blood (µg/L) from the CHMS 
biobank project (Jayawardene et al. 2021) 

Age Group Sex n Median P95 

3 to 79 years old M+F 5752 <8 <8 

3 to 79 years old M 2801 <8 <8 

3 to 79 years old F 2951 <8 <8 

3 to 5 years old M+F 475 <8 <8 

6 to 11 years old M+F 921 <8 
11 

(7.4–14) 

6 to 11 years old M 468 <8 
11a  

(6.8–15) 

6 to 11 years old F 453 <8 
11a   

(6.5-15) 

12 to 19 years old M+F 960 <8 
9.9a   

(6.3–14) 

12 to 19 years old M 507 <8 
12a   

(6.5–18) 

20 to 39 years old M+F 1214 <8 <8 

20 to 39 years old M 511 <8 <8 

20 to 39 years old F 703 <8 <8 

40 to 59 years old M+F 1148 <8 <8 

40 to 59 years old M 583 <8 <8 

40 to 59 years old F 565 <8 <8 

60 to 79 years old M+F 1034 <8 <8 

Abbreviations: F, females; M, males; n, sample size; NA, not available. 
a Use with caution. Statistics Canada guidelines for release stipulate that CVs between 16.6% and 33.3% are 
considered to have high sampling variability, and caution is recommended when using these data. 
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Appendix J. PBPK model  

 

Figure J-1. Structure of three-compartment pharmacokinetic model for aluminium 
(from Poddalgoda et al. 2021) 

 

Figure J-2. Model fitted to data collected from volunteers administered aluminium 
citrate via a single oral dose (Fifield et al. 1997) and a single i.v. dose (Talbot et al. 
1995) (from Poddalgoda et al. 2021). 
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