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Synopsis 

Pursuant to section 68 or 74 of the Canadian Environmental Protection Act, 1999 
(CEPA), the Minister of the Environment and the Minister of Health have conducted a 
screening assessment on 22 substances referred to collectively under the Chemicals 
Management Plan as the Acids and Bases Group. These 22 substances were identified 
as priorities for assessment as they met categorization criteria under subsection 73(1) 
of CEPA or were considered a priority on the basis of other human health concerns. 
Two other substances were determined to be of low concern through other approaches, 
and decisions for these substances are provided in separate reports.1 The Chemical 
Abstracts Service Registry Numbers (CAS RN2), their Domestic Substances List (DSL) 
names and their common names are listed in the table below.  

Substances in the Acids and Bases Group 

Subgroup  CAS RN 
DSL name 

(molecular formula) 
Common name 

Ammonia 5470-11-1a, b 
Hydroxylamine, 

hydrochloride (ClH4NO) 

Hydroxylammonium 

chloride 

Free available 

chlorine, chlorate 

and chlorite 

7681-52-9b 
Hypochlorous acid, 

sodium salt (NaClO) 
Sodium hypochlorite 

Free available 

chlorine, chlorate 

and chlorite 

7775-09-9b 
Chloric acid, sodium salt 

(NaClO3) 
Sodium chlorate 

Free available 

chlorine, chlorate 

and chlorite 

7778-54-3b 
Hypochlorous acid, 

calcium salt (CaCl2O2) 
Calcium hypochlorite 

Free available 

chlorine, chlorate 

and chlorite 

7782-50-5b Chlorine (Cl2) Chlorine 

Free available 

chlorine, chlorate 

and chlorite 

10049-04-4b Chlorine dioxide (ClO2) Chlorine dioxide 

                                            

1 Conclusions for substances bearing CAS RNs 18917-89-0 and 68442-82-0 are provided in the Rapid 
Screening of Substances with Limited General Population Exposure Screening Assessment. 

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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Subgroup  CAS RN 
DSL name 

(molecular formula) 
Common name 

Hydrogen and 

hydroxide  
1310-58-3 

Potassium hydroxide 

(KOH) 
Potassium hydroxide 

Hydrogen and 

hydroxide  
1310-73-2 

Sodium hydroxide 

(NaOH) 
Sodium hydroxide 

Hydrogen and 

hydroxide 
1312-76-1 

Silicic acid, potassium salt 

(K2SiO3) 
Potassium silicate 

Hydrogen and 

hydroxide 
1344-09-8 

Silicic acid, sodium salt 

(HNaSiO3) 
Sodium silicate 

Hydrogen and 

hydroxide 
7647-01-0 Hydrochloric acid (HCl) Hydrochloric acid 

Hydrogen and 

hydroxide 
7664-93-9 Sulphuric acid (H2SO4) Sulphuric acid 

Hydrogen and 

hydroxide 
12136-45-7 Potassium oxide (K2O) Potassium oxide 

Nitrate and nitrite 7631-99-4 
Nitric acid sodium salt 

(NaNO3) 
Sodium nitrate 

Nitrate and nitrite 7632-00-0 
Nitrous acid, sodium salt 

(NaNO2) 
Sodium nitrite 

Nitrate and nitrite 7697-37-2 Nitric acid (HNO3) Nitric acid 

Nitrate and nitrite 7757-79-1 
Nitric acid potassium salt 

(KNO3) 
Potassium nitrate 

Nitrate and nitrite 10124-37-5 
Nitric acid, calcium salt 

(Ca(NO3)2) 
Calcium nitrate 

Phosphate 1314-56-3 Phosphorus oxide (P2O5) Diphosphorus pentoxide 

Phosphate 7664-38-2 Phosphoric acid (H3PO4) Phosphoric acid 

Sulphite 7631-90-5 

Sulfurous acid, 

monosodium salt 

(HNaSO3) 

Sodium bisulfite 

Sulphite 7681-57-4 
Disulphurous acid, 

disodium salt (Na2O5S2) 
Sodium metabisulfite 

a This substance was not identified under subsection 73(1) of CEPA but was included in this assessment as it was 

considered a priority on the basis of other human health concerns. 
b  These substances were considered only from a human health perspective in this assessment. 

Seven substances in the Acids and Bases Group—chlorine, hydrochloric acid, sulphuric 
acid, sodium nitrate, potassium nitrate, calcium nitrate and nitric acid—are known to be 
naturally occurring in the environment. Further, the water dissociation products of most 
of the 22 substances in this group are ubiquitous and naturally present in aquatic 
environments.  

In Canada, the 22 substances are generally used as paint and coating additives; 
intermediates; plant nutrients; pesticides; process regulators; and as agents for redox 
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reactions, corrosion inhibition, anti-scaling, plating, surface treating, filler, cleaning, 
disinfecting, bleaching and petroleum-refining. Some of these substances may also be 
found in drugs, including natural health products (NHPs), cosmetics, dyes, or in 
explosives; or used as food additives or as a component in the manufacture of food 
packaging materials.  

The 22 substances readily react and transform in aqueous solutions. For the purpose of 
this screening assessment, they were categorized into six subgroups based on their 
primary water dissociation products: (1) ammonia, (2) free available chlorine, chlorate 
and chlorite (FACCC), (3) sulphite, (4) hydrogen and hydroxide, (5) phosphate, and (6) 
nitrate and nitrite.  

Based upon their physical-chemical properties, environmental fate and behaviour, and 
reported uses, the six substances in the ammonia and FACCC subgroups are 
considered to have been addressed previously for ecological concerns through the 
Priority Substances List assessment reports for “Ammonia in the Aquatic Environment”, 
“Effluents from Pulp Mills using Bleaching”, “Chlorinated Wastewater Effluents”, and 
“Inorganic Chloramines”. Given these previous assessments and ongoing regulatory 
activities, these six substances were not considered further from an ecological 
perspective in this assessment; however, a conclusion for potential harm to human 
health was not determined at the time. Therefore, these substances were considered 
only from a human health perspective in this assessment.  

The ecological risks of the remaining 16 substances in the Acids and Bases Group were 
characterized using a qualitative or quantitative approach. Exposure profiling and 
hazard characterization were based on domestic and international reports as well as 
scientific literature. Canadian import, manufacture and release data reported by 
industrial facilities were also analyzed to help characterize the potential for exposure in 
Canada.  

The ecological hazard potential of substances in the hydrogen and hydroxide, and 
phosphate subgroups, and one substance in the nitrate and nitrite subgroup (nitric acid), 
is associated with changes in water pH, rather than direct toxicological effects. 
Information collected on the pH of municipal wastewater treatment system effluents, the 
main source of potential environmental exposure for these substances, indicate that 
their pH is within the Canadian Water Quality Guideline (CWQG) for freshwater (pH 6.5-
9). Therefore, there is low potential for these substances to cause ecological harm 
through adjustment of pH in the receiving environment. The remaining four substances 
in the nitrate and nitrite subgroup and the sulphite subgroup are not anticipated to cause 
ecological harm based on characterization of hazard and exposure potential.  

Considering all available lines of evidence presented in this draft screening assessment, 
there is low risk of harm to the environment from 16 substances in the Acids and Bases 
Group. It is proposed to conclude that these 16 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 
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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. 

With respect to human health, hydroxylammonium chloride was evaluated as part of the 
Rapid Screening of Substances with Limited General Population Exposure. Based on 
this approach, exposure of the general population to hydroxylammonium chloride was 
considered to be negligible and therefore this substance is considered to be of low 
concern for human health at current levels of exposure.  

Three subgroups (sulphite, hydrogen and hydroxide, and phosphate) were considered 
in the Science Approach Document for Substances with Low Human Health Hazard 
Potential. The Low Human Health Hazard Potential approach is used to identify 
substances with low inherent repeated-dose toxicity. This hazard-based approach 
considers a number of metrics, including the effects noted in animal and human toxicity 
studies, and the relevant route(s) of exposure of the substance, to determine if health 
effects of the substance are limited or unlikely. On the basis of the results presented in 
that approach document, these 11 substances are considered to be of low concern for 
human health. Three substances in the FACCC subgroup were also evaluated using the 
Low Human Health Hazard Potential Approach and are considered to be of low concern 
for human health based on their low human health hazard potential.  

For chlorine, a three day inhalation exposure study in humans and a one-year inhalation 
study in monkeys were selected for risk characterization. A comparison of estimated 
levels of exposure from outdoor air and critical effect levels results in margins of 
exposure that are considered adequate to account for uncertainties in the health effects 
and exposure databases. 

A two-generation reproductive study in rats was selected for risk characterization of oral 
exposure to chlorine dioxide. For the inhalation route, a subchronic inhalation study in 
rats was selected for risk characterization of repeated exposure to chlorine dioxide. 
Canadians may be exposed to chlorine dioxide through environmental media such as 
drinking water and air, as well as products available to consumers, including non-
prescription drugs and odour control products. A comparison of estimated levels of 
exposure from outdoor air and products available to consumers and critical effect levels 
results in margins of exposure that are considered adequate to account for uncertainties 
in the health effects and exposure databases. 

A two-year carcinogenicity study in rats was selected for risk characterization of chronic 
oral exposure to sodium chlorate. A subchronic study in rats was selected for risk 
characterization of subchronic oral exposure to sodium chlorate. Exposure to sodium 
chlorate may occur from drinking water and from cosmetics and cleaning products. A 
comparison of estimated levels of exposure to the general population and critical effect 
levels results in margins of exposure that are adequate to account for uncertainties in 
the health effects and exposure databases.  
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Acceptable daily intake (ADI) values derived by the European Food Safety Authority 
were used as a reference dose for risk characterization for the substances in the nitrate 
and nitrite subgroup. Nitrate and nitrite occur naturally in environmental media, are 
permitted food additives, may be used as components in the manufacture of food 
packaging materials, or as components in incidental additives used in food processing 
establishments, and may also be found in products available to consumers such as 
cosmetics, cleaning products and NHPs. Exposure estimates presented in comparison 
to the ADIs did not result in any exceedances and are therefore considered to be of low 
risk to human health.  

Considering all the information presented in this draft screening assessment, it is 
proposed to conclude that the 22 substances in the Acids and Bases Group 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.  

Six of the 22 substances in the Acids and Bases Group (hydroxylammonium chloride, 
sodium hypochlorite, sodium chlorate, calcium hypochlorite, chlorine, and chlorine 
dioxide) were previously addressed by Environment Canada under the Priority 
Substances Assessment Program; however, a conclusion for potential harm to human 
health was not determined. As these substances were not re-assessed from an 
ecological perspective, the conclusion for these six substances is limited to the criteria 
under paragraph 64(c) of CEPA.  

It is therefore proposed to conclude that 16 substances in the Acids and Bases Group 
(sodium bisulfite, sodium metabisulfite, potassium hydroxide, sodium hydroxide, 
potassium silicate, sodium silicate, hydrochloric acid, sulphuric acid, potassium oxide, 
diphosphorus pentoxide, phosphoric acid, sodium nitrate, sodium nitrite, nitric acid, 
potassium nitrate, and calcium nitrate) do not meet any of the criteria set out in section 
64 of CEPA. In addition, it is proposed to conclude that the other six substances in the 
Acids and Bases Group (hydroxylammonium chloride, sodium hypochlorite, sodium 
chlorate, calcium hypochlorite, chlorine, and chlorine dioxide) do not meet the criteria 
under paragraph 64(c) of CEPA. 
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 Introduction 

Pursuant to section 68 or 74 of the Canadian Environmental Protection Act, 1999 
(CEPA) (Canada 1999), the Minister of the Environment and the Minister of Health have 
conducted a screening assessment on 22 of 24 substances, referred to collectively as 
the Acids and Bases Group, to determine whether these substances present or may 
present a risk to the environment or to human health. These 22 substances were 
identified as priorities for assessment as they met categorization criteria under 
subsection 73(1) of CEPA or were considered a priority on the basis of other human 
health concerns (ECCC, HC [modified 2017]).  

The other two substances (CAS RNs 18917-89-0, magnesium, bis(2-hydroxybenzoato-
O1,O2)-, (T-4)-; and 68442-82-0, calcium, carbonate dimethylhexanoate complexes) 
were considered in the Ecological Risk Classification of Organic Substances Science 
Approach Document ECCC 2016a) and via the approach applied in the Rapid 
Screening of Substances with Limited General Population Exposure (ECCC, HC 
2018a), and were identified as being of low concern to both human health and the 
environment. As such, they are not addressed further in this report.  Decisions for these 
substances are provided in the Rapid Screening of Substances with Limited General 
Population Exposure Screening Assessment (ECCC, HC 2018a). 

The 22 substances in this assessment readily react and transform in aqueous solutions. 
For the purpose of this screening assessment they were categorized into six subgroups 
based on their primary water dissociation products: (1) ammonia, (2) free available 
chlorine, chlorate and chlorite (FACCC), (3) sulphite, (4) hydrogen and hydroxide, (5) 
phosphate, and (6) nitrate and nitrite.  

Based on their physical-chemical properties, environmental fate and behaviour, and 
reported uses, the six substances in the ammonia and FACCC subgroups are 
considered to have been addressed within the ecological scope of previous 
assessments and ongoing regulatory activities. These substances are not considered 
further from an ecological perspective in this assessment. Therefore, the focus of this 
assessment for these substances is on human health. 

The ecological risks of the remaining 16 substances in the Acids and Bases Group were 
characterized using a qualitative or quantitative approach. Exposure profiling and 
hazard characterization were based on domestic and international reports as well as 
scientific literature. Canadian import, manufacture and release data were also analyzed 
to help characterize the potential for exposure in Canada. Indirect lines of evidence, 
which include existing regulatory measures and classification of hazard or fate 
characteristics completed by other agencies, were also considered when available. 
Exposure resulting from fertilizer and pesticide uses of these substances are outside the 
scope of this assessment and are regulated under the Pest Control Products Act 
(Canada 2002b) and the Fertilizer Act (Canada 1985). This assessment focusses on 
direct ecotoxicological effects of the substances in the Acids and Bases Group. While 
certain substances in the group (e.g., phosphates and nitrates) are nutrients for primary 
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producers and other microorganisms, and can stimulate biomass growth in certain 
aquatic environments, eutrophication and its associated secondary ecological effects 
(e.g. oxygen depletion) are not in the scope of this assessment. Eutrophication is a 
complex phenomenon that can occur even in unpolluted waters (CCME 2004). A 
detailed examination of nutrients and their impacts on the Canadian environment has 
been documented previously by Chambers et al. (2001). Several initiatives have studied 
excess nutrients in fresh water (Environment Canada 2007; Environment Canada 
2013b; ECCC 2017a,b; Government of Canada [modified 2017]; Government of 
Canada [modified 2021] ).   

The human health risks of the substances in this assessment were characterized using 
three approaches. The ammonia subgroup (containing one substance) was addressed 
using the approach applied in the Rapid Screening of Substances with Limited General 
Population Exposure (ECCC, HC 2018a). Three subgroups (sulphite, hydrogen and 
hydroxide, and phosphate), comprising 13 substances, were addressed using the Low 
Human Health Hazard Potential Approach (Health Canada [modified 2017]). The 
remaining two subgroups (free available chlorine, chlorate and chlorite; and nitrate and 
nitrite) containing eight substances were assessed using a combination of the Low 
Human Health Hazard Potential Approach and quantitative approaches.  

Some of the substances in the Acids and Bases Group have been reviewed by national 
and international organizations. Nitrate and nitrite have been evaluated by the 
International Agency for Research on Cancer (IARC) Monographs Programme, the 
European Food Safety Authority (EFSA), the United States Environmental Protection 
Agency (U.S. EPA), the United States (U.S.) Department of Health and Human 
Services, the European Commission (EU) Scientific Committee on Food (SCF), the 
World Health Organization (WHO),  the Joint Food and Agriculture Organization of the 
United Nations (FAO)/WHO Expert Committee on Food Additives (JECFA), the 
Organisation for Economic Co-operation and Development (OECD), and the Canadian 
Council of Ministers of the Environment (CCME) (IARC 2010; EFSA 2017a, 2017b; U.S. 
EPA Revised 1991; ASTDR 2017; SCF 1997; WHO 2011; Health Canada 2013; JECFA 
2003; OECD 2005, 2008b; ATSDR 2017; CCME 2012). Nitrate and nitrite have also 
been evaluated by Health Canada’s drinking water quality program (Health Canada 
2013). The free available chlorine, chlorate and chlorite subgroup has been evaluated 
by the European Union (EU), the EC, the OECD, the U.S. EPA, the WHO, Environment 
and Climate Change Canada, Health Canada’s Water and Air Quality Bureau, and the 
Ontario Ministry of the Environment (ON MOE) (U.S. EPA 2006a, 2006b; EU 2007a, 
2007b, 2009; WHO 2016; Health Canada 2008a, 2009; OECD 2004a, 2006b; EC, HC 
1991, 1993, 2001b; ON MOE 2007a). These assessments were used to inform the 
ecological and human health risk assessment presented in this report.  

This draft screening assessment includes consideration of information on chemical 
properties, environmental fate, hazards, uses and exposures, including additional 
information submitted by stakeholders. Relevant data were identified up to December 
2020.  Empirical data from key studies as well as results from models were used to 
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reach proposed conclusions. When available and relevant, information presented in 
assessments from other jurisdictions was considered. 

This draft screening 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 undergone external review. Comments 
on the technical portions relevant to the environment were received from Geoff Granville 
at GCGranville Consulting Group. Comments on the technical portions relevant to 
human health were received from Dr. Joseph Caruso (Wayne State University, United 
States), Dr. Judy LaKind (University of Maryland School of Medicine, U.S.), and Dr. 
Shahid Parvez (Indiana University Fairbanks School of Public Health, U.S.). The health 
portion of this assessment is based on the approach applied in the Rapid Screening of 
Substances with Limited General Population Exposure (ECCC, HC 2018a) and the 
Substances with Low Human Health Hazard Potential Approach (ECCC, HC 2018b) 
which were each subject to a 60-day public comment period. Additionally, the 
Substances with Low Human Health Hazard Potential Approach was subject to external 
peer review. While external comments were taken into consideration, the final content 
and outcome of this screening assessment remain the responsibility of Health Canada 
and Environment and Climate Change Canada. 

This draft screening assessment focuses on information critical to determining whether 
substances meet the criteria as set out in section 64 of CEPA by examining scientific 
information and incorporating a weight of evidence approach and precaution3. This draft 
screening assessment presents the critical information and considerations on which the 
proposed conclusions are based.  

 Identity of substances 

The subgroup, CAS RN, Domestic Substances List (DSL) name, molecular formula and 
common name for the 22 substances in the Acids and Bases Group are presented in 
Error! Not a valid bookmark self-reference.. 

Table 2-1. Substance identities 

                                            

3 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. 
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Subgroup  CAS RN 
DSL name 

(molecular formula) 
Common name 

Ammonia 5470-11-1 
Hydroxylamine, 
hydrochloride (ClH4NO) 

Hydroxylammonium 
chloride 

Free available 
chlorine, chlorate 
and chlorite 

7681-52-9 
Hypochlorous acid, 
sodium salt (NaClO) 

Sodium hypochlorite 

Free available 
chlorine, chlorate 
and chlorite 

7775-09-9 
Chloric acid, sodium salt 
(NaClO3) 

Sodium chlorate 

Free available 
chlorine, chlorate 
and chlorite 

7778-54-3 
Hypochlorous acid, 
calcium salt (CaCl2O2) 

Calcium hypochlorite 

Free available 
chlorine, chlorate 
and chlorite 

7782-50-5 Chlorine (Cl2) Chlorine 

Free available 
chlorine, chlorate 
and chlorite 

10049-04-4 Chlorine dioxide (ClO2) Chlorine dioxide 

Sulphite 7631-90-5 
Sulfurous acid, 
monosodium salt 
(HNaSO3) 

Sodium bisulfite 

Sulphite 7681-57-4 
Disulphurous acid, 
disodium salt (Na2O5S2) 

Sodium metabisulfite 

Hydrogen and 
hydroxide  

1310-58-3 
Potassium hydroxide 
(KOH) 

Potassium hydroxide 

Hydrogen and 
hydroxide  

1310-73-2 
Sodium hydroxide 
(NaOH) 

Sodium hydroxide 

Hydrogen and 
hydroxide 

1312-76-1 
Silicic acid, potassium 
salt (K2SiO3) 

Potassium silicate 

Hydrogen and 
hydroxide 

1344-09-8 
Silicic acid, sodium salt 
(HNaSiO3) 

Sodium silicate 

Hydrogen and 
hydroxide 

7647-01-0 Hydrochloric acid (HCl) Hydrochloric acid 

Hydrogen and 
hydroxide 

7664-93-9 Sulphuric acid (H2SO4) Sulphuric acid 

Hydrogen and 
hydroxide 

12136-45-7 Potassium oxide (K2O) Potassium oxide 

Phosphate 1314-56-3 
Phosphorus oxide 
(P2O5) 

Diphosphorus 
pentoxide 

Phosphate 7664-38-2 
Phosphoric acid 
(H3PO4) 

Phosphoric acid 

Nitrate and nitrite 7631-99-4 
Nitric acid sodium salt 
(NaNO3) 

Sodium nitrate 
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Subgroup  CAS RN 
DSL name 

(molecular formula) 
Common name 

Nitrate and nitrite 7632-00-0 
Nitrous acid, sodium salt 
(NaNO2) 

Sodium nitrite 

Nitrate and nitrite 7697-37-2 Nitric acid (HNO3) Nitric acid 

Nitrate and nitrite 7757-79-1 
Nitric acid potassium 
salt (KNO3) 

Potassium nitrate 

Nitrate and nitrite 10124-37-5 
Nitric acid, calcium salt 
(Ca(NO3)2) 

Calcium nitrate 

     

 Ammonia subgroup 

 Sources and uses 

Hydroxylammonium chloride 

Hydroxylammonium chloride is not known to occur naturally. According to information 
submitted in response to a CEPA section 71 survey, for the reporting year of 2008, less 
than 1 tonne of hydroxylammonium chloride were imported by Canadian companies4 
(Environment Canada 2009; ECCC, HC 2021). There was no manufacturing above the 
reporting threshold of 100 kg. According to the North American Industry Classification 
System codes reported, these organizations were from the chemical product 
manufacturing and scientific research and development services sectors. This 
substance was reported as being used for distribution and laboratory purposes. Sources 
and uses resulting in exposure to the general population from this substance have not 
been further characterized as  exposure to the general population has previously been 
determined to be low (ECCC, HC 2018a).  

 Environmental fate and behaviour  

Information on the fate and behaviour of hydroxylammonium chloride was primarily 
obtained through a read-across approach using information for an analogue, 
bis(hydroxylammonium)sulphate, presented in a screening initial data set (SIDS) report 
(OECD 2008a).  

                                            

4 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 2009) 
and are available in the supporting document (ECCC, HC 2021). See survey for specific inclusions and 
exclusions (schedules 2 and 3).  
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Based on the negligible vapour pressure for bis(hydroxylammonium)sulphate (Table B-
1, Appendix B), hydroxylammonium chloride is not expected to partition to air from 
aquatic and terrestrial environments. 

In aqueous solutions, hydroxylammonium chloride is expected to dissolve (Table B-1, 
Appendix B) and dissociate completely to ultimately generate ammonia (NH3) and 
nitrogen (N2) (OECD 2008a). Ammonia is highly water-soluble. In surface waters, 
ammonia generally exists in equilibrium with ammonium (NH4

+), its ionized and less 
toxic form (EC, HC 2001a; CCME 2010). The predominant species at equilibrium 
depends on the pH and temperature of the solution; in more alkaline solutions the 
formation of ammonia is favoured. Given its complete dissociation in water and very low 
potential to adsorb onto organic matter (OECD 2008a), hydroxylammonium chloride is 
not expected to persist in water and soil. 

 Potential to cause ecological harm 

Hydroxylammonium chloride is expected to dissociate completely in water to ultimately 
generate ammonia, which has been characterized in a previous assessment report for 
“Ammonia in the Aquatic Environment” (EC, HC 2001a). That assessment examined the 
ecological impact of unionized (NH3) and ionized (NH4

+; also known as ammonium) 
ammonia in the environment and found that ammonia in the aquatic environment has 
the potential to cause ecological harm. As additional exposure sources of concern have 
not been identified, hydroxylammonium chloride will not be assessed further for its 
potential ecological risk at this time and will be addressed by risk management 
measures that are being or have been developed for ammonia dissolved in water 
(Canada, Dept. of the Environment 2004; Environment Canada 2002).  

 Potential to cause harm to human health 

Hydroxylammonium chloride was considered in the Rapid Screening of Substances with 
Limited General Population Exposure (ECCC, HC 2018a), which was used to determine 
if the substance(s) required further assessment on the basis of the potential for direct 
and indirect exposures to the general population. The potential for direct exposure was 
evaluated on the basis of considerations such as evidence of the substance being 
present in a product used by the general population. The potential for indirect exposure 
was adopted from the general approach reported in the Threshold of Toxicological 
Concern (TTC)-based Approach for Certain Substances (Health Canada 2016). On the 
basis of the evaluation of both direct and indirect exposures conducted as part of the 
Rapid Screening of Substances with Limited General Population Exposure (ECCC, HC 
2018a), exposure of the general population to hydroxylammonium chloride was 
considered to be negligible and therefore this substance is considered to be of low 
concern for human health at current levels of exposure.  
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 Free available chlorine, chlorate and chlorite subgroup 

 Sources and uses 

Sodium hypochlorite 

Sodium hypochlorite is not known to occur naturally. According to information submitted 
in response to a CEPA section 71 survey, for the reporting year of 2011, between 
10 000 tonnes to 100 000 tonnes of sodium hypochlorite were reported to be imported 
and manufactured by companies from the basic chemical manufacturing sector, and the 
soap, cleaning compound and toilet preparation manufacturing sector5  (Environment 
Canada 2013a). Thirteen other sectors—including the pulp, paper and paperboard mills 
sector—reported less than 10 000 tonnes (each) of sodium hypochlorite to the survey 
(ECCC, HC 2021). This substance was reported to be used as a bleaching agent, 
processing aid, redox agent, biocide, water treatment agent, paint and coating additive, 
intermediate, multifunctional (more than 1 code reported), and for other uses claimed 
confidential (ECCC, HC 2021). Given that the Low Human Health Hazard Potential 
Approach is being used to assess this substance, further characterization of sources 
and uses resulting in exposure to the general population was not undertaken. 

Calcium hypochlorite 

Calcium hypochlorite is not known to occur naturally. According to information submitted 
in response to a CEPA section 71 survey, for the reporting year of 2011, between 10 
tonnes to 100 tonnes of calcium hypochlorite were reported to be imported into Canada 
by the following sectors: other chemical product manufacturing, and chemical (except 
agricultural) and allied product merchant wholesalers6 (Environment Canada 2013a). 
The main uses reported were for bleaching and multifunctional purposes, including 
redox reactions and pest control. Given that the Low Human Health Hazard Potential 
Approach is being used to assess this substance, further characterization of sources 
and uses resulting in exposure to the general population was not undertaken. 

Chlorine 

                                            

5 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 

6 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 
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Chlorine is a naturally occurring substance. According to information submitted in 
response to a CEPA section 71 survey, between 10 000 tonnes to 100 000 tonnes and 
1 000 tonnes to 10 000 tonnes of chlorine were manufactured and imported, 
respectively for the reporting year of 20117. Reporting sectors included basic chemical 
manufacturers; pulp, paper and paperboard mills; and the resin, synthetic rubber, and 
artificial and synthetic fibres and filaments manufacturing sector (Environment Canada 
2013a). The basic chemical manufacturers reported function codes associated with 
industrial applications (e.g., metal extraction and refining), multifunctional applications 
(e.g., chemical synthesis, oxidizing, plasticizing, and processing), and incidental 
production (e.g., as a by-product, impurity or contaminant).   

Between 2012 and 2016, releases of chlorine (excluding spills) reported to the National 
Pollutant Release Inventory (NPRI) were mostly to the atmospheric compartment, with 
annual release ranging from 156 tonnes to 338 tonnes (NPRI 2012-2016). The top 
sectors reporting direct discharges of chlorine to water were pulp, paper and 
paperboard mills (384 tonnes total); oil and gas extraction (94 tonnes total); and water, 
sewage and other systems (51 tonnes total) (ECCC, HC 2021; NPRI 2012-2016).  

Chlorine may be found in drugs including natural health products (NHPs), as a 
permitted food additive, as a component in the manufacture of food packaging 
materials, and as a component in incidental  additives8 used in food processing 
establishments (personal communication, email from the Therapeutic Products 
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated May 3, 2018; unreferenced; email from the Natural and Non-
prescription Health Products Directorate, Health Canada, to the Existing Substances 
Risk Assessment Bureau, Health Canada, dated January 22, 2019; unreferenced; 
personal communication, email from the Food Directorate, Health Canada, to the 
Existing Substances Risk Assessment Bureau, Health Canada, dated May 9, 2018; 
unreferenced). It is on the Cosmetic Ingredient Hotlist and described on that list as  
prohibited for use in cosmetic products  (Health Canada [modified 2018]).  

Chlorine dioxide 

Chlorine dioxide is not known to occur naturally. According to information submitted in 
response to a CEPA section 71 survey, for the reporting year of 2011, chlorine dioxide 

                                            

7 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 

8 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.  
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was reported to be manufactured  by Canadian companies in the chemical 
manufacturing9 (1 000 tonnes to 10 000 tonnes) and pulp and paper (100 000 tonnes to 
1 000 000 tonnes) sectors (Environment Canada 2013a). Releases of chlorine dioxide 
were predominantly to the atmospheric compartment as reported to the NPRI between 
2012 and 2016 (NPRI 2012-2016; ECCC, HC 2021). Annual releases of chlorine 
dioxide to the air ranged from 293 tonnes to 407 tonnes. One pulp and paper facility 
reported releasing less than a total of 1 tonne to water between 2012 and 2016 (ECCC, 
HC 2021). Chlorine dioxide is mainly used as a bleaching agent in the pulp and paper 
sector. Chlorine dioxide is a permitted food additive, may be used as a component in 
the manufacture of food packaging materials and as a component in incidental additives 
used in food processing establishments, as a medicinal or non-medicinal ingredient in 
non-prescription drugs including disinfectants and a moisturizing lubricant eye drop, as 
well as in products available to consumers, such as odour control products (personal 
communication, email from the Food Directorate, Health Canada to the Existing 
Substances Risk Assessment Bureau, Health Canada, dated June 9, 2018; 
unreferenced; personal communication, email from the Therapeutic Products 
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated March 8, 2019; unreferenced; personal communication, emails 
from the Natural and Non-prescription Health Products Directorate, Health Canada, to 
the Existing Substances Risk Assessment Bureau, Health Canada, dated March 9, 
2019 and March 20, 2019; unreferenced; SDS 2013). 

Sodium chlorate 

Sodium chlorate is not known to occur naturally. Sodium chlorate was not included in a 
survey issued pursuant to a CEPA section 71 notice. Data collected from the Canada 
Border Services Agency (CBSA) reported between 1 000 tonnes to 10 000 tonnes of 
sodium chlorate imported into Canada on an average annual basis between 2010 and 
2013 (CBSA 2016). Companies in the basic chemical manufacturing and chemical 
wholesalers sectors accounted for 98% of this quantity. Additional data obtained from 
the Canadian International Merchandise Trade (CIMT) database (1997- ) show that 
approximately 10 384 tonnes of sodium chlorate were imported into Canada in 2017. In 
2018, Canada was reported as the world’s largest producer of sodium chlorate, followed 
by the U.S. (CEH 2018). Bommaraju and O’Brien (2015) suggest that over 95% of the 
sodium chlorate produced globally is used to generate chlorine dioxide for pulp 
bleaching. In 2002, approximately 99% of the sodium chlorate produced in North 
America, which equated to roughly 600 000 tonnes in Canada, was used by the pulp 

                                            

9 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 
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and paper sector to generate chlorine dioxide for pulp bleaching (Mendiratta and 
Duncan 2003).  

Sodium chlorate may be used as a component in the manufacture of food packaging 
materials, as a component in  an incidental additive used in food processing 
establishments, as a food processing aid10, as an active ingredient in pesticides, or as a 
non-medicinal ingredient in non-prescription drugs such as disinfectants (personal 
communication, email from the Food Directorate, Health Canada to the Existing 
Substances Risk Assessment Bureau, Health Canada, dated May 9, 2018; 
unreferenced; email from the Therapeutic Products Directorate, Health Canada, to the 
Existing Substances Risk Assessment Bureau, Health Canada, dated May 3, 2018; 
unreferenced). On the basis of notifications submitted to Health Canada, it may be 
found in a limited number of cosmetic products (personal communication, email from 
the Consumer and Hazardous Products Safety Directorate, Health Canada, to the 
Existing Substances Risk Assessment Bureau, Health Canada, dated April 17, 2018; 
unreferenced). 

 Environmental fate and behaviour  

Chlorine, calcium hypochlorite and sodium hypochlorite  

The environmental fate and behaviour of chlorine, calcium hypochlorite and sodium 
hypochlorite were examined in several reports (OECD 2004a; EU 2007a, 2007b; 
ATSDR 2010).  

Chlorine is a gas with a vapour pressure of approximately 5 085 mmHg at 20˚C (ECHA 
2007-; EU 2007a) and an atmospheric half-life of minutes to several hours depending 
on the time of day (EU 2007a; ATSDR 2010). This indicates that chlorine will likely not 
persist in air due to photolysis. Calcium hypochlorite exists as a powder and has 
negligible vapour pressure at room temperature (OECD 2004a), whereas sodium 
hypochlorite typically exists as an aqueous solution and has a vapour pressure of 13 
mmHg to 15 mmHg at 20˚C (EU 2007b). Based on this information, calcium 
hypochlorite is not expected to partition to air, whereas sodium hypochlorite solutions 
can be semi-volatile at room temperature.  

Chlorine, calcium hypochlorite and sodium hypochlorite readily react with water to yield 
free available chlorine (FAC) (EC, HC 1993, 2001b; CCME 1999; OECD 2004a; EU 

                                            

10 While “food processing aid” is not defined under Canada’s Food and Drugs Act (FDA), substances 
which are used for a technical effect during food manufacture, processing or distribution may be 
considered food processing aids when such use does not affect the intrinsic characteristics of the food 
and results in no or negligible residues of the substance or its by-products in or on the finished food. As 
with other substances used in food manufacture, processing and distribution, the use of food processing 
aids must not result in a violation of the safety provisions set out under section 4 of the FDA 
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2007a, 2007b; ATSDR 2010). These three substances are not expected to 
bioaccumulate in organisms because they are highly reactive in water and so 
unavailable for uptake by organisms (OECD 2004a; EU 2007a, 2007b; ATSDR 2010). 

FAC, also known as free residual chlorine (FRC), refers to dissolved chlorine gas (Cl2), 
hypochlorous acid (HClO) and the hypochlorite ion (ClO-) in solution. Along with 
combined residual chlorine (CRC), which consists of organic and inorganic chloramines, 
FAC and CRC are collectively referred to as total residual chlorine (TRC) (EC, HC 1993, 
2001b; CCME 1999; OECD 2004a; ATSDR 2010). In water, all three FAC species 
coexist in equilibrium (WHO 2003). However, the prevalent form of FAC depends on the 
pH of the solution: the hypochlorite ion dominates at pH greater than approximately 7.5, 
whereas hypochlorous acid is the main form at pH below 7.5, and molecular chlorine is 
the main species in very acidic solutions (EC, HC 1993; OECD 2004a; EU 2007b). In 
the presence of organic or inorganic nitrogen, FAC reacts to generate CRC. Other by-
products that can be formed via different reactions with FAC include trihalomethanes, 
bromoamines, and bromochloramines (EC, HC 1993; CCME 1999; EU 2007a, 2007b). 
The degradation rate of reactive chlorine is positively correlated with temperature, pH, 
light intensity, organic carbon, and organic nitrogen content in water, all of which are 
site-specific (CCME 1999). Inorganic chloramines and FAC are not considered 
persistent in water, although the former has a longer half-life in surface waters ranging 
from 1 minute to 23 days depending on site-specific environmental conditions (EC, HC 
2001b). In static tests where 0.2 mg/L to 1.0 mg/L of available chlorine were added to 
water, the half-life of FAC in the presence of raw sewage was observed to be 140 
minutes (Olivieri et al. 1986). The EU (2007a, 2007b) reported a half-life of less than 
120 minutes for both hypochlorous acid and the hypochlorite ion in clean aqueous test 
media, where reduction and photolysis were observed to be important degradation 
processes. Hypochlorous acid is not expected to volatilize from water based on its low 
air-water partition coefficient of 4 x 10-5 (EU 2007b).   

Chlorine dioxide and sodium chlorate 

The fate and behaviour of chlorine dioxide, sodium chlorate and their dissociation 
products were reviewed by multiple organizations, including the British Columbia 
Ministry of Environment (BC MOE 2002), the Agency for Toxic Substances and Disease 
Registry (ATSDR 2004), ON MOE (2007a), Health Canada (2008a, 2008b), the WHO 
(2016) and the U.S. EPA (2016).  

Chlorine dioxide is a gas with a vapour pressure of approximately 760 mmHg at 20˚C 
(HSDB 1983c- ; ATSDR 2004; ON MOE 2007a) and an atmospheric lifetime (i.e., the 
amount of time it takes to reduce the concentration of the substance to 1/e or 37% of its 
original value) estimated to be less than 1 minute under sunlight (ON MOE 2007a). This 
suggests that chlorine dioxide will not persist in air due to photolysis. The vapour 
pressure of sodium chlorate is negligible at room temperature (Health Canada 2008b; 
U.S. EPA 2016), and therefore it will not partition to air.  
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According to the ATSDR (2004) and the WHO (2016), chlorine dioxide is stable in pure 
neutral water if it is stored in a sealed container that is protected from sunlight. In 
alkaline solutions, up to 70% of the chlorine dioxide hydrolyzes to form chlorite ions 
while the remaining fraction transforms into chlorate ions (ATSDR 2004; Health Canada 
2008a; WHO 2016). The half-life of chlorine dioxide in water (at 5 mg/L to 10 mg/L in a 
basic solution) ranges from 20 minutes to 180 minutes (ATSDR 2004). As a strong 
oxidant, chlorine dioxide can rapidly react with other substances (e.g., iron, manganese, 
copper, and sulphide) in solution to produce compounds such as insoluble oxides, 
hydroxides and sulphate (ATSDR 2004). However, unlike chlorine, chlorine dioxide 
does not form trihalomethanes (BC MOE 2002; ATSDR 2004; U.S. EPA 2016). Sodium 
chlorate readily dissolves and dissociates in water to release sodium and chlorate ions 
(Health Canada 2008b; U.S. EPA 2016). Given their high reactivity, chlorine dioxide and 
sodium chlorate are not expected to bioaccumulate (ATSDR 2004; U.S. EPA 2016); this 
is supported by their low octanol-water partition coefficients (log Kow) of -3.22 and -7.18, 
respectively (Health Canada 2008a). 

Chlorate and chlorite ions are well-known to be disinfection by-products of chlorine 
dioxide. It is important to note that chlorine dioxide and chlorite can react with free 
available chlorine to form chlorate (BC MOE 2002; Health Canada 2008a). According to 
Health Canada (2008a) and the WHO (2016), the chlorate ion is very persistent in 
water. Although chlorite has low particulate adsorption capacity, the ion reacts with 
some metals, such as iron and manganese (ATSDR 2004). Reports have also shown 
that chlorate and chlorite ions undergo microbial reduction in anaerobic environments, 
such as anoxic groundwater, soils and sediments (ATSDR 2004; U.S. EPA 2006a). 

 Potential to cause ecological harm 

 
Based on the physical-chemical properties, environmental fate and behaviour, and 
reported uses of chlorine, chlorine dioxide, sodium hypochlorite, sodium chlorate and 
calcium hypochlorite, these substances are considered to have been characterized in 
the previous assessment reports for “Effluents from Pulp Mills using Bleaching” (EC, HC 
1991), “Chlorinated Wastewater Effluents ” (EC, HC 1993), and “Inorganic Chloramines” 
(EC, HC 2001b). These assessments examined the environmental impact of chlorine-
containing substances when used for disinfection, biofouling control and pulp bleaching 
in the Canadian environment. These assessments found that effluents from pulp mills 
using bleaching, chlorinated wastewater effluents, and inorganic chloramines have the 
potential to cause ecological harm.  

As additional exposure sources of concern have not been identified, these substances 
will not be assessed further for their potential ecological risk at this time and will be 
addressed by risk management measures that are being or have been developed for 
effluents from pulp mills using bleaching, chlorinated wastewater effluents, and 
inorganic chloramines (Environment Canada 2002; Environment Canada 2012).  
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 Potential to cause harm to human health  

4.4.1 Health effects assessment 

Free available chlorine (sodium hypochlorite, calcium hypochlorite, chorine) 

Calcium hypochlorite and sodium hypochlorite are considered to be of low concern to 
human health by the oral route of exposure according to the Low Human Health Hazard 
Potential Approach (Appendix C; Health Canada [modified 2017]).  

Studies assessing oral toxicity to chlorine in water are considered to be equivalent to 
studies assessing the oral toxicity of hypochlorous acid and/or hypochlorite (EU 2007a; 
Health Canada 2009). Therefore, chlorine is considered to be of low concern to human 
health via the oral route based on the results of the Low Human Health Hazard Potential 
Approach for calcium and sodium hypochlorite. In addition, Health Canada’s drinking 
water quality program did not consider it necessary to establish a guideline for chlorine 
in drinking water, based on its low toxicity at concentration found in drinking water as a 
result of treatment (Health Canada 2009). Chlorine is in gaseous form at room 
temperature and pressure, thus exposure will be primarily via inhalation (EU 2007a). 
Based on the information presented above, this section will focus only on health effects 
of chlorine via the inhalation route of exposure. The EU and the U.S. EPA have 
reviewed chlorine (EU 2007a; EU 2017; U.S. EPA 1999). These existing assessments 
were used to inform the assessment of health effects of chlorine via the inhalation route. 
A literature search was conducted for the period of January 2016 to May 2019, which 
encompasses the year prior to the most recent assessment on chlorine. The results 
from this literature search do not impact the inhalation hazard characterization from 
previous assessments (i.e., not suggesting different critical endpoints or lower points of 
departure).  

Toxicokinetics 

Upon inhalation, chlorine gas reacts with surface material and tissue of the respiratory 
tract. Chlorine is a strong oxidizing agent; therefore, it causes disruption to cellular 
proteins upon contact (EU 2007a). Chlorine gas is moderately soluble in epithelial lining 
fluid of the lung, resulting in the generation of FAC (EU 2007a).  

Acute health effects 

Exposure of rats to chlorine gas via inhalation was found to result in a 60-minute LC50 of 
448 ppm (1.3 mg/L) (Zwart and Woutersen 1988). Inhalation of chlorine gas at 
concentrations higher than 1 000 ppm (3 000 mg/m3) may be lethal to humans after 
approximately 10 minutes of exposure (EU 2007a).  

Symptoms of acute chlorine exposure in humans include nausea, vomiting with syncope 
and coma, convulsions and cyanosis. Symptoms start within 10 minutes of exposure 
and dysfunction is cleared within 1 to 3 months (EU 2007a). Exposure to high 
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concentrations of chlorine may also lead to irritant-induced asthma (White and Martin 
2010). The most common cause of death by chlorine exposure in humans is pulmonary 
edema. Other causes of death related to acute exposure to high concentrations of 
chlorine gas include bronchoconstriction, shock, immediate respiratory arrest and 
cardiac complications (EU 2007a).  

Repeated-dose health effects 

No systemic effects were observed in repeated-dose inhalation exposure studies in rats, 
mice or monkeys up to 9 ppm (27 mg/m3) (EU 2007a). Effects are localized to the upper 
respiratory tract at concentrations below 9 ppm (27 mg/m3) and exhibit an increase in 
incidence and/or severity with increasing chlorine concentration (EU 2007a).  

Repeated exposure to low concentrations of chlorine via inhalation in humans is not 
expected to lead to effects other than irritation (EU 2007a). A 3-day voluntary human 
exposure study showed no effects at 0.5 ppm (1.5 mg/m3) (Schins et al. 2000). This is 
consistent with the no-observed adverse effect concentration (NOAEC) of 0.5 ppm (1.5 
mg/m3) reported in a one-year inhalation study in monkeys (Klonne et al. 1987).  

Carcinogenicity studies are available in rats and mice for the inhalation route; however, 
genotoxicity tests are generally performed in an aqueous medium, and were tested 
using sodium hypochlorite solutions (EU 2007a, 2007b). The EU (2007a) and Health 
Canada (2009) assessments determined that chlorine is not genotoxic.  Chlorine is not 
expected to be carcinogenic via the inhalation route (EU 2007a, 2007b; Wolf et al. 
1995). There are no available data for developmental or reproductive toxicity of chlorine 
via the inhalation route (EU 2007a). 

Chlorine dioxide (CAS RN 10049-04-4)  

Several organizations and jurisdictions have reviewed chlorine dioxide and/or chlorite 
(ATSDR 2004; WHO 2002, 2016; ON MOE 2007a; U.S. EPA 2006a; IARC 1991; Health 
Canada 2008a). These existing assessments were used to inform the health effects 
section of this assessment. A literature search was conducted for the period of January 
2015 to May 2019, which encompasses the year prior to the most recent assessment 
on chlorine dioxide and chlorite. Additional information was identified from the recent 
literature which resulted in the selection of an additional point of departure for acute 
inhalation toxicity which was not identified in existing international assessments.  

Chlorine dioxide is fairly unstable and is rapidly reduced to chlorite upon ingestion. 
Accordingly, Health Canada (2008a) established a drinking water guideline for chlorite 
and chlorate, but not for chlorine dioxide. In water, chlorine dioxide forms approximately 
70% chlorite and 30% chlorate (Section 4.2). In addition, there is interconversion 
between chlorine dioxide and chlorite both in water and the human gut (ATSDR 2004; 
OECD 2006b). Therefore, in the current assessment, studies using chlorite is used to 
assess oral toxicity to chlorine dioxide. Inhalation toxicity will be assessed using toxicity 
information on chlorine dioxide itself.  
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Toxicokinetics  

Upon ingestion, chlorine dioxide and chlorite are rapidly absorbed into systemic 
circulation from the gastrointestinal tract and widely distributed throughout the body, 
with highest concentrations in the plasma (WHO 2016; U.S. EPA 2006d; ATSDR 2004; 
Health Canada 2008a). Peak plasma concentrations are reached at 1 hour for chlorine 
dioxide, and at 2 hours for chlorite (Health Canada 2008a; Abdel-Rahman et al. 1982). 
Dermal absorption of chlorine dioxide is expected to be low (Scatina et al. 1983, 1984; 
EU 2007a). In the body, chlorine dioxide is converted to chloride ions, chlorite and, to a 
lesser extent, chlorate. Both chlorite and chlorate dissociate into chloride ions. Chlorine 
dioxide and chlorite are primarily excreted via the urine with smaller amounts excreted 
in the faeces (30 and 40% of the administered dose, respectively) (WHO 2016; U.S. 
EPA 2006d; ATSDR 2004; Health Canada 2008a). The half-life of chlorine dioxide is 44 
hours (Health Canada 2008a; Abdel-Rahman et al. 1982, 1984).  

Acute health effects 

The acute oral toxicity of chlorine dioxide in experimental animals is low, with a median 
lethal dose (LD50) above 10 000 mg/kg in mice. Chlorite is highly acutely toxic in rats, 
with acute oral LD50 values ranging from 79 to 133 mg/kg (ATSDR 2004). Symptoms of 
acute human exposure to chlorine dioxide generally involve irritation of the eyes, nose 
and respiratory tract, and may also include chest pain, coughing, bloody nose, and 
sputum. Short-term exposure to high levels of chlorine dioxide may result in pulmonary 
edema (ON MOE 2007a).  

Repeated-dose health effects 

Neurotoxicity after oral administration of chlorine dioxide and sodium chlorite has been 
observed in developmental toxicity studies in rats. In a two-generation reproduction 
study (Gill et al. 2000), sodium chlorite was administered to rats (F0 and F1 generations) 
at 0, 35, 70 or 300 ppm in their drinking water. Neurobehavioural effects (lowered 
auditory startle amplitude, decreased brain weight and decreased exploratory activity) 
were observed in F1 and F2 generations at 70 and 300 ppm. A no-observed adverse 
effect level (NOAEL) of 2.9 mg/kg bw/day was established (Gill et al. 2000). The WHO 
(2016) and Health Canada (2008a) used this study to derive guideline values for chlorite 
in drinking water (0.7 mg/L and 1 mg/L, respectively). In addition, a developmental 
toxicity study in rats administered chlorine dioxide in drinking water showed a decrease 
in locomotor activities in pups weaned at the 14 mg/kg bw/day dose level (Orme et al. 
1985).  No effects were observed at 3 mg/kg bw/day.  

A subchronic inhalation study exposed rats to chlorine dioxide vapours (5 hours/day, 5 
days/week) at 1 ppm (2.8 mg/m3) for 2 months. The chlorine dioxide-exposed rats 
exhibited respiratory effects that included peribronchiolar edema and vascular 
congestion in lungs (Paulet and Desbrousses 1972). A lowest-observed adverse effect 
concentration (LOAEC) of 1 ppm (2.8 mg/m3) was identified. This LOAEC was used to 
derive the Ontario Air Quality Criteria for chlorine dioxide (ON MOE 2007a) and the U.S. 
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EPA reference concentration (RfC) for chlorine dioxide. In the current assessment, this 
RfC was converted to a continuous exposure concentration by adjusting for the number 
of hours per day (5/24) as well as the number of days per week (5/7) the animals were 
exposed to chlorine dioxide. The resulting continuous air concentration at the LOAEC 
was calculated to be 0.42 mg/m3.  

In a short-term inhalation study, rats were exposed to 0, 5, 10 or 15 ppm of chlorine 
dioxide gas (15 minutes of exposure 3 or 4 times per day) for 1 month. Rats exposed to 
chlorine dioxide concentrations above 5 ppm (14 mg/m3) exhibited nasal, bronchial, and 
alveolar inflammation. A NOAEC of 5 ppm (14 mg/m3) was identified (Paulet and 
Desbrousses 1974). 

The currently available evidence suggests that chlorine dioxide is not mutagenic. Both 
positive and negative results have been reported in in vitro (bacterial) assays (WHO 
2016; Health Canada 2008a; U.S. EPA 2006a; ON MOE 2007a). Available data from in 
vivo mammalian studies (the mouse micronucleus assay, the bone marrow 
chromosomal aberration assay, and the mouse sperm-head abnormality assay) 
indicates that chlorine dioxide is not mutagenic (Health Canada 2008a; ON MOE 
2007a).  

The carcinogenicity of chlorine dioxide has not been determined due to inadequate data 
for evaluation of carcinogenicity in humans and animals (Health Canada 2008a).  

Sodium chlorate (CAS RN 7775-09-9) 

Several international organizations have reviewed sodium chlorate (U.S. EPA 2006b; 
OECD 2006a; WHO 2016; JECFA 2008;). Sodium chlorate was also reviewed by 
Health Canada (Health Canada 2008a and 2008b). These existing assessments were 
used to inform the health effects section of this assessment. A literature search was 
conducted for the period of January 2015 to May 2019, which encompasses the year 
prior to the most recent assessment on sodium chlorate. The results from this literature 
search do not impact the risk characterization from previous assessments (i.e., not 
suggesting different critical endpoints or lower points of departure).  

Toxicokinetics  

Upon ingestion, chlorate is rapidly absorbed into systemic circulation from the 
gastrointestinal tract and widely distributed throughout the body, with highest 
concentrations in the plasma (WHO 2016; U.S. EPA, 2006d; ATSDR 2004; Health 
Canada 2008a). Peak plasma concentrations of chlorate are reached at 1 hour (Health 
Canada 2008a; Abdel-Rahman et al. 1982). Dermal absorption of chlorate is expected 
to be low (Scatina et al. 1983, 1984; EU 2007a). In the body, chlorate dissociates into 
chloride ions. Chlorate is primarily excreted via the urine (38% of the administered 
dose), with smaller amounts excreted in the faeces (WHO 2016; U.S. EPA 2006d; 
ATSDR 2004; Health Canada 2008a). Chlorate has a biphasic half-life of 6 and 36.5 
hours (Health Canada 2008a; Abdel-Rahman et al. 1982, 1984).  
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Acute health effects 

The acute oral toxicity of sodium chlorate in experimental animals is low, with a LD50 
above 5 000 mg/kg in rats (U.S. EPA 2006b). Incident reports show that ingestion of 
toxic doses of sodium chlorate by humans produces gastritis, hemolysis, 
methaemoglobinemia, hemoglobinurea, late toxic nephritis, and acute renal failure (U.S. 
EPA 2006b). Doses exceeding 100 mg/kg are generally fatal to humans (U.S. EPA 
2006b).  

Repeated-dose health effects 

Subchronic and chronic exposure to sodium chlorate competitively inhibits iodide uptake 
by thyroid follicular cells, resulting in decreased serum levels of thyroid hormones 
triiodothyronine and thyroxine and increased thyroid stimulating hormone (U.S. EPA 
2006c; OECD 2006a; WHO 2016). Consequently, exposure to sodium chlorate can 
cause changes in thyroid follicular cell histology, such as colloid depletion, hypertrophy, 
and the incidence and severity of hyperplasia (WHO 2016). In addition, there is 
evidence from a 2-year carcinogenicity study that exposure to 2 000 mg/L sodium 
chlorate in drinking water causes thyroid tumours in rodents (NTP 2005). Based on the 
nature of the histopathological observations, the mechanism of action for thyroid tumour 
induction by sodium chlorate is likely due to disruption in thyroid hormone homeostasis 
(JECFA 2008), as described above. This is in agreement with conclusions by the U.S. 
EPA (2006b), which classified sodium chlorate as not likely to be carcinogenic to 
humans at doses that do not alter thyroid hormone homeostasis.  

The U.S. EPA, the WHO and JECFA all derived guideline values based on the most 
sensitive endpoint from a 2-year carcinogenicity study (i.e., thyroid gland follicular cell 
hypertrophy in male rats) in which sodium chlorate was administered in drinking water 
(NTP 2005). No lowest-observed adverse effect level (LOAEL) could be identified 
because increase in thyroid gland follicular gland hypertrophy occurred at all doses 
tested. The U.S. EPA (2006b) derived a chronic reference dose based on a benchmark 
dose lower bound (BMDL) of 0.9 mg/kg bw/day (NTP 2005). JECFA (2008) established 
an acceptable daily intake (ADI) of 0 to 0.01 mg/kg bw/day using a BMDL of 1.1 mg/kg 
bw/day and WHO (2016) based their drinking water guideline (of 0.3 mg/L) on the ADI 
derived by JECFA.  

Sodium chlorate was negative in most bacterial gene mutation assays and in several 
cytogenetics tests (i.e., hypoxanthine phosphorybosyl transferase assay in Chinese 
hamster ovaries, micronucleus assay, chromosomal aberration test, mouse sperm head 
abnormality assay) (U.S. EPA 2006b; JECFA 2008). However, DNA strand breaks and 
DNA protein cross-linking through the production of reactive oxygen species were 
observed in rats administered sodium chlorate (Ali et al. 2017a, 2017b).  

Health Canada (2008a) based their drinking water guideline for chlorate (maximum 
acceptable concentration of 1 mg/L) on a 90-day repeated-dose drinking water study in 
rats (McCauley et al. 1995). A NOAEL of 30 mg/kg bw/day, based on thyroid gland 
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colloid depletion at the next higher dose of 100 mg/kg bw/day, was used to derive the 
guideline value (Health Canada 2008a).  

No neurotoxic effects were observed in acute and subchronic studies with sodium 
chlorate (U.S. EPA 2006b). No information was available on inhalation or dermal toxicity 
of chlorate (U.S. EPA 2006b).  

4.4.2 Exposure assessment   

Free available chlorine (sodium hypochlorite, calcium hypochlorite, chlorine) 

In water, chlorine forms an equilibrium with hypochlorite and hypochlorous acid, and 
exposure to these substances via the oral route is considered to be of low concern to 
human health (see the Health Effects section, Appendix C). Based on its physical-
chemical properties, the hypochlorite ion will not volatize from solutions, and 
hypochlorous acid has a very low volatility (EU 2007b). Therefore, only exposure to 
chlorine via the inhalation route will be considered in the following section. 

Chlorine gas (Cl2) is not found naturally in the environment; although the chloride ion 
(Cl-) is present from many naturally occurring salts (Health Canada 2009). Canadians 
may be exposed to chlorine gas through releases to air from industrial facilities. 
Between the years 2012 and 2016, annual atmospheric releases of chlorine ranged up 
to 338 tonnes (ECCC, HC 2021). Chlorine gas is volatile and susceptible to photolysis; 
the estimated half-life is in the order of minutes to several hours depending on the time 
of day (see section 4.2, ATSDR 2010; EU 2007a). Monitoring studies may measure a 
combination of chlorine and hypochlorous acid or chlorine alone, depending on the 
analytical techniques used. There is no Canadian monitoring data available for chlorine 
gas. Concentrations of chlorine gas in the U.S. were in the range of 2.6 x 10-6 to 2.9 x 
10-3 µg/m3 as measured by Faxon and colleagues (2015). Older monitoring studies 
reported higher concentrations of chlorine (0.03 to 0.43 µg/m3) and of hypochlorous acid 
(< 0.08 to 0.73 µg/m3) in coastal sites (EU 2007a). A median chloride ion concentration 
of 0.0331 µg/m3 was measured in samples collected at 96 sites across the U.S. 
between 2010 and 2019 (CASTNET 2016). However, it is worth noting that the chloride 
ion has many natural sources, particularly seawater, such that measured concentrations 
are a combination of natural and man-made sources.  

Chlorine is used in various industrial sectors. No products available to consumers 
containing chlorine were identified that would result in inhalation exposure to the 
general population.  

Chlorine dioxide  

Chlorine dioxide is not present naturally in the environment, but exposure to the general 
population can occur through industrial releases and use as a disinfectant. Chlorine 
dioxide is primarily used as a bleaching agent for the pulp and paper industry and the 
majority of releases of chlorine dioxide to air are from the pulp and paper facilities 



Draft Screening Assessment - Acids and Bases  Last updated 2020-01-08 

19 

(Environment Canada 2013a; NPRI 2012-2016). Annual releases of chlorine dioxide to 
air between 2012 and 2016 from facilities in Canada were up to 338 tonnes per year 
(ECCC, HC 2021). Chloride dioxide is highly reactive and the estimated atmospheric 
lifetime ranges from seconds to one hour, as it rapidly degrades under sunlight into 
oxygen and chlorine (WHO 2002; ON MOE 2007a; ATSDR 2010). In conditions of no 
sunlight, it may last as long as 40 to 80 hours (ECCC, HC 2021). Typically, chlorine 
dioxide will exist only in the immediate vicinity of where it is produced or used, although 
average concentrations of 0.2 to 17 µg/m3 over 30-minute periods have been measured 
in air beyond the fence line of wood pulp bleaching operations in Ontario (ON MOE 
2007a). The majority of the 30-minute measurements of air concentrations beyond the 
fence line were less than 1.0 µg/m3.  

Chlorine dioxide is used as a disinfectant in drinking water treatment plants as an 
alternative to chlorine. In water, chlorine dioxide readily dissociates into chlorite and 
chlorate ions. Health Canada has evaluated the effects of chlorine dioxide, chlorite and 
chlorate in drinking water (Health Canada 2008a). It was determined that a guideline 
value for chlorine dioxide was not necessary due to its rapid dissociation into chlorite 
and chlorate. However, a maximum feed dose of 1.2 mg/L is still recommended to 
ensure concentrations of chlorine dioxide or its by-products do not reach a level of 
concern for Canadians. Maximum acceptable concentrations (MAC) for chlorite and 
chlorate are both 1 mg/L and are considered to be protective of exposure to chlorine 
dioxide. Average concentrations at a water treatment plant in Quebec were 0.29 to 0.45 
mg/L for chlorite and 0.12 to 0.22 mg/L for chlorate, both below the MAC of 1 mg/L. 
Average concentrations of chlorine dioxide ranged at a much lower concentration, from 
0.03 to 0.09 mg/L (Health Canada 2008a).  

In Canada, chlorine dioxide is a food additive permitted for use as a bleaching agent in 
a limited number of foods as prescribed in the List of Permitted Bleaching, Maturing or 
Dough Conditioning Agents, incorporated by reference into its respective Marketing 
Authorization issued under the Food and Drugs Act. It is also a component of some 
processing aid formulations that are used for antimicrobial treatment. As a result of its 
technical function in foods, levels of chlorine dioxide present in or on foods are quickly 
diminished through chemical reactions, and residues remaining on food from its use as 
a permitted food additive or as a processing aid are expected to be low (personal 
communication, email from the Food Directorate, Health Canada to the Existing 
Substances Risk Assessment Bureau, Health Canada, dated 24 March 2019; 
unreferenced). Chlorine dioxide may be used as a component in the manufacture of 
food packaging materials and as a component in incidental additives used in food 
processing establishments such that there would be no potential for direct food contact; 
therefore dietary exposure form these uses is not expected (personal communication, 
email from the Food Directorate, Health Canada to the Existing Substances Risk 
Assessment Bureau, Health Canada, dated March 25 2019; unreferenced). 

Chlorine dioxide is also found in a limited number of products available to consumers. It 
is present as a non-medicinal ingredient in one non-prescription drug, a moisturizing 
lubricant eye drop, at a concentration of 0.05 mg/mL (personal communication, email 
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from the Therapeutic Products Directorate, Health Canada, to the Existing Substances 
Risk Assessment Bureau, Health Canada, dated March 8, 2019; unreferenced; personal 
communication, email from the Natural and Non-prescription Health Products 
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated March 20, 2019; unreferenced). The intake estimate is presented 
in Table 4-1.  

Chlorine dioxide is also used in odour control products to eliminate undesirable odours, 
for example, to eliminate human scent during hunting. A spray product intended for this 
use was identified containing 1% chlorine dioxide (SDS 2013). Although both dermal 
and inhalation exposure are expected from use of this product, the inhalation route is 
the predominate route of exposure given the high vapour pressure of chlorine dioxide 
and the low relative bioavailability of chlorine dioxide via the dermal route. A relative 
bioavailable fraction of 0.001 was determined based on two studies that examined the 
pharmacokinetics of chlorine dioxide through the oral and dermal routes (Scatina et al. 
1983, 1984) (see Appendix E, Table E-2 for details). Given the low oral and dermal 
bioavailability, a quantitative assessment was conducted for the inhalation route only. 
The instantaneous release model from ConsExpo was used to estimate exposure 
(ConsExpo Web [modified 2019]) and a time-weighted average (TWA) concentration 
was calculated. The released mass was estimated based on the amount of product 
needed to cover the head and hands (approximately 1 g; U.S. EPA 2012) and resulted 
in an estimated air concentration of 0.015 mg/m3. It is possible to have additional 
inhalation exposure following application from evaporation of chlorine dioxide from the 
surface of the skin; however, the instantaneous model assumes the total amount 
applied is immediately available for inhalation. Therefore, the assessment was 
considered sufficiently conservative to account for any potential additional inhalation 
exposure following application. Details are provided in Appendix E and the exposure 
estimate is presented in Table 4-1.  

Table 4-1 Estimated exposures to chlorine dioxide from ambient air and products 
available to consumers 

Exposure 
scenario 
(duration) 

Age 
group 

Route of 
exposure 

Air concentration 
(mg/m3) 

Systemic 
exposure (mg/kg 
bw/day) 

Ambient air 
(daily)a 

NAb Inhalation  0.00035 NA 

Moisturizing 
lubricant eye 
drop (daily)c 

Adult Ophthalmic NA 5.41 x 10-5 

Hunting spray 
(per event)d 

Adult Inhalation  0.015 NA 

Abbreviations: NA, Not Applicable  
a TWA was derived based on a 30-minute average concentration of 0.017 mg/m3, adjusted to a continuous exposure 
of 24 hours. 
b Age groups are not applicable to air concentrations. 
c It was assumed that a consumer would apply 4 drops per use (2 drops per eye), up to twice daily (personal 
judgement; ECCC, HC 2019). The size of the drop was based on the maximum capacity of the conjunctival sac of 10 
µL (Farkouh et al. 2016). 
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d TWA was derived for mean event concentration of 0.9 mg/m3 over 5 minutes, adjusted to a TWA of 5 hours to 
match the study duration. 

Sodium chlorate 

No release data on sodium chlorate to environmental media was available; however, it 
has been estimated that up to 95% of sodium chlorate produced globally is used for the 
production of chlorine dioxide. Therefore, industrial releases of sodium chlorate to the 
environment are expected to be low. 

The general population may be exposed to the chlorate ion in water as a result of the 
use of chlorine dioxide as a drinking water disinfectant. Details regarding exposure to 
chlorate from drinking water are described above in the exposure assessment for 
chlorine dioxide.  

Sodium chlorate may be used as a component in the manufacture of food packaging 
materials and as a component in incidental additives used in food processing 
establishments; however, there is no potential for direct food contact, therefore dietary 
exposure is not expected.  

Based on notifications to Health Canada, sodium chlorate is found in a limited number 
of cosmetics, at concentrations of 0.3 to 1% (personal communication, email from the 
Consumer and Hazardous Products Safety Directorate, Health Canada, to the Existing 
Substances Risk Assessment Bureau, Health Canada, dated April 17, 2018; 
unreferenced). Dermal exposure to cosmetics was estimated based on the use of 
bubble bath liquid for all ages. Exposure estimates were highest in teens (14 to 18 
years old). This estimate of exposure is provided in Table 4-2.  

Sodium chlorate is found as a non-medicinal ingredient in a disinfectant product at a 
concentration of 0.43% (personal communication, email from the Therapeutic Products 
Directorate, Health Canada to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated January 25, 2019; unreferenced). This cleaning product is a 
concentrated solution, used primarily for bleaching purposes, but may also be used to 
disinfect or sanitize almost any surface in the home. Given the high probability of 
multiple use patterns, exposure was estimated based on three sentinel scenarios which 
are expected to be representative of the highest or most frequent exposures: cleaning a 
kitchen countertop, hand-washing laundry and cleaning a floor. Estimates of exposure 
to both the undiluted product during mixing and exposure to the diluted concentration 
during application were derived for each scenario. Exposure was estimated using the 
ConsExpo model (ConsExpo Web [modified 2019]) and the U.S. EPA Residential 
Standard Operating Procedures (U.S. EPA 2012). Details on the models and inputs 
used are presented in Appendix E.  

In the first scenario, exposure from sanitizing or disinfecting a kitchen countertop was 
estimated, assuming that a consumer may prepare a “ready-to-use” solution for use in a 
trigger spray bottle. Dermal exposure via spills is assumed to occur during direct 
pouring of the undiluted product into a trigger spray bottle. Once the diluted spray 
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solution is prepared (i.e., water is added to the concentrated product), inhalation and 
dermal exposure to the dilute concentration is estimated during spraying of the 
countertop. Though sodium chlorate is non-volatile, it is assumed that the use of a 
trigger spray could generate respirable aerosol particles and thus result in inhalation 
exposure. Dermal exposure also occurs during wiping of the countertop.  

In the second scenario, exposure from hand-washing laundry in a diluted solution of 
bleach was estimated for dermal exposure to the hands and forearms. Dermal exposure 
was estimated in two parts: spills during pouring of the concentrated solution and 
exposure to the diluted solution during washing. Pouring was assumed to use a cap to 
measure the concentrated solution before mixing it into the larger tub. Dermal exposure 
was also estimated during hanging of the laundry, which assumes a residual amount of 
solution remains in the laundry.  

In the final scenario, exposure from cleaning a floor was used to estimate exposure 
while cleaning large surface areas, as well as post-application exposure to children. 
Dermal exposure to the user was estimated in two parts: spills during direct pouring of 
the concentrated solution, as well as exposure to the diluted solution during the cleaning 
of the floor. Dermal exposure and hand-to-mouth contact was estimated post-
application for a child crawling on the floor. A mopping exposure study conducted for 
the U.S. EPA showed that for substances with low vapour pressure (< 10-4 mmHg) and 
scenarios with low potential for aerosol formation (such as cleaning a floor), monitored 
inhalation exposure was very low (< 0.5 µg/m3). Therefore, though inhalation exposure 
may be possible from cleaning activities such as mopping, inhalation exposure is 
expected to be limited and this scenario is expected to be protective of any potential 
inhalation exposure from cleaning a floor.  

Table 4-2 presents the air concentration and exposure from the use of products 
containing sodium chlorate in sentinel scenarios. Among sentinel scenarios, exposure 
was highest for adults during floor cleaning. Exposures during other cleaning scenarios 
such as cleaning walls, sinks, showers, toilets, etc., are expected to be less than the 
sentinel scenarios presented.   

Exposure to sodium chlorate from products available to consumers was evaluated 
through the relevant routes of exposure which include oral, inhalation and dermal. 
Inhalation and oral absorption were assumed to be 100%, while available data were 
used for the dermal route to present more refined estimates of systemic exposure. 
Based on a dermal absorption in vitro study (ECHA 2007a), the dermal absorption of 
sodium chlorate ranged from 0.5 to 1.9% in human skin (including residues from the 
stratum corneum) from a dermal loading of 0.15 to 5 mg/cm2. There is an inverse 
relationship between the dermal load and the percentage absorbed. Given that the 
dermal loading in the scenarios described below (Table 4-2) is much lower than the 
lowest amount used in the study, it was considered appropriate to use the measured 
absorption values of 0.5 to 1.9% to support a higher default percentage absorption. A 
value of 10% dermal absorption was selected for sodium chlorate. 
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Table 4-2. Estimated exposure to sodium chlorate from the use of products 

Product scenarioa 
(duration) 

Age group 
Route of 
exposure 

Systemic exposure 
(mg/kg bwb) 

Cleaning kitchen counters 
(daily) 

Adult 
Dermal and 
inhalation 

0.00314 

Hand-washing laundry (per 
event – 1/week) 

Adult Dermal  0.0043 

Cleaning floors (per event 
– 3/week) 

Adult Dermal  0.00409 

Crawling on floors –post 
application exposure 
(daily) 

Toddler (1 
year old) 

Dermal and oral  0.0027 

Bubble bath (per event – 2 
to 3/week) 

Teen (14 to 
18 year olds) Dermal  0.0004 

Abbreviations: NA, Not Applicable 
a Dermal exposure estimates were adjusted for 10% dermal absorption. 
b Exposure for “daily” scenarios is estimated on a mg/kg bw/day basis; exposure for “per event” scenarios is 
estimated on a mg/kg bw/event basis.  

4.4.3 Risk Characterization 

Free available chlorine (sodium hypochlorite, calcium hypochlorite, chlorine) 

Sodium hypochlorite and calcium hypochlorite were assessed using the Low Human 
Health Hazard Approach (Appendix C; Health Canada [modified 2017]). The available 
information, including conclusions from international organizations indicates that sodium 
hypochlorite and calcium hypochlorite are negative for carcinogenicity, mutagenicity and 
reproductive/developmental toxicity. No adverse effects in repeated-dose studies were 
observed up to 14.4 mg/kg bw/day via the oral route of exposure. As such, quantitative 
exposure estimates for sodium hypochlorite and calcium hypochlorite were not derived 
and the risk to human health is considered to be low. 

Studies assessing oral toxicity to chlorine in water are considered to be equivalent to 
studies assessing the oral toxicity of hypochlorous acid and/or hypochlorite (EU 2007a; 
Health Canada 2009).  Therefore, no oral exposure estimates to chlorine were 
quantified and the risk to human health via the oral route is considered to be low. There 
is potential for the general population to be exposed to chlorine via inhalation. Potential 
health effects from exposure to chlorine were identified via the inhalation route of 
exposure. No irritation was observed in a 3-day voluntary human exposure study after 
exposure to 1.5 mg/m3 (Schins et al. 2000). This is supported by a NOAEC of 1.5 
mg/m3 reported in a one-year inhalation study in monkeys (Klonne et al. 1987) based on 
respiratory irritation at the next dose level (3.9 mg/m3).   
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Releases of chlorine to air from industrial processes may result in potential inhalation 
exposure for Canadians. Measured data in the U.S. suggests chlorine gas may be 
present in the range of 2.6 x 10-5 to 0.43 µg/m3. Chlorine is not expected to be found in 
other environmental media and there were no products available to consumers 
identified containing chlorine that would result in inhalation exposure. Risk 
characterization of chlorine was determined by comparing the highest measured air 
concentration (0.43 µg/m3) to the critical health effect identified above (presented in 
Table 4-3).  

Table 4-3 Relevant exposure and hazard values for determination of risk for 
chlorine 

Scenario 
(duration) 

Exposure 
(mg/m3) 

Critical health 
effect 

Effect level 
(mg/m3) 

MOE 

Ambient air 
(daily) 

 0.00043 Respiratory 
tract irritation 

1.5   3488 

Abbreviations: MOE, Margin of Exposure 

 

The margins of exposure (MOE) were considered to be adequate to address any 
uncertainties in the exposure and health effects databases. 

Chlorine dioxide  

Chlorine dioxide was reviewed by the WHO (2016), Health Canada (2008a) and the 
U.S. EPA (2006a). Chlorine dioxide breaks down to chlorite, and to a lesser extent, 
chlorate, in the body upon ingestion and the oral health effect endpoint is based on 
chlorite information. Neurobehavioural effects were observed in a two-generation 
reproduction study in rats exposed to sodium chlorite (Gill et al. 2000). Based on the 
results of this study, an oral NOAEL of 2.9 mg/kg bw/day was established. All 
international organizations listed above used this NOAEL for deriving drinking water 
guideline values or for risk characterization and this NOAEL was selected for risk 
characterization in this assessment.  

For continuous exposure to chlorine dioxide from levels in ambient air, a LOAEC of 2.8 
mg/m3 was selected from a subchronic inhalation study, which reported peribronchiolar 
edema and vascular congestion in lungs of chlorine dioxide-exposed rats. This value 
was converted to a continuous exposure concentration of 0.42 mg/m3. The endpoint for 
intermittent exposure to inhalation exposure to chlorine dioxide is 14 mg/m3, based on 
the absence of respiratory effect in rats exposed to that concentration for 15 minutes 2 
or 4 times per day for 1 month (Paulet and Desbrousses 1974). 

It was considered appropriate to compare air concentrations rather than systemic 
exposure estimates because effects due to inhalation of chlorine dioxide are primarily 
localized to the route of exposure. 
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The main route of exposure to chlorine dioxide for Canadians is through drinking water 
from its use as a disinfectant. This source of exposure has been addressed by Health 
Canada’s drinking water quality program and is expected to be of low risk to human 
health (Health Canada 2008a).  

Releases of chlorine dioxide to air from industrial processes may result in potential 
inhalation exposure for Canadians. Though chlorine dioxide is highly volatile and 
degrades under sunlight, it has been measured near industrial facilities where it is 
released. Measurements ranged from 0.2 to 17 µg/m3 beyond the fence line of wood 
pulp bleaching operations in Ontario, and the majority of the measurements were below 
1 µg/m3 (ON MOE 2007a). The upper range of the measured air concentrations was 
chosen to represent the level of chlorine dioxide in air, to which the general population 
can potentially be exposed.   

Canadians can be exposed to chlorine dioxide through products available to 
consumers. Exposure to chlorine dioxide may occur through use of products such as an 
moisturizing lubricant eye drop or odour control products. The exposure from the odour 
control spray is considered to be conservative as application generally takes place 
outdoors and the substance is expected to dissipate more rapidly than estimated, due to 
environmental conditions such as air flow and sunlight, which are not taken into account 
in the model. The exposure estimates, health effects and MOEs are presented below in 
Table 4-4.  

Table 4-4. Relevant exposure and hazard values for chlorine dioxide, as well as 
MOEs, for determination of risk 

Abbreviations: MOE, Margin of Exposure 
a Inhalation endpoints were chosen on the basis of frequency of exposure (chronic exposure = continuous exposure 
inhalation study (Paulet and Desbrousses 1972; per event exposure = intermittent exposure inhalation study (Paulet 
and Desbrousses 1974). 
b TWA concentration was derived for 5 hours based on a mean event concentration of 0.9 mg/m3 over 5 minutes 
exposure time [TWA (mg/m3) = mean event concentration (mg/m3) * exposure time (hour) / 5 hours].   

The MOEs are considered to be adequate to address any uncertainties in the exposure 
and health effects databases. 

Scenario (duration) 
Exposure 
estimate 

Critical health 
effect endpointa 

Critical 
effect 
level 

MOE 

Ambient air (daily) 0.00035 mg/m3 
Respiratory 
effects (LOAEC) 

0.42  
mg/m3 

1200 
 

Ophthalmic 
exposure via 
moisturizing 
lubricant eye drop 
(daily) 

5.41 x 10-5 mg/kg 
bw/day 

Neurodevelopme
ntal effects via 
oral route 
(NOAEL) 

2.9 mg/kg 
bw/day   

53604 

Inhalation exposure 
via hunting spray 
(per event) 

0.015 mg/m3 

(TWA)b 
Respiratory 
effects (NOAEC) 

14 mg/m3 933 
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Sodium chlorate 

Sodium chlorate has been reviewed by the WHO (2016), the JECFA (2008), the U.S. 
EPA (2006b), and Health Canada (2008a, 2008b). The WHO (2016), the JECFA (2008), 
and the U.S. EPA (2006b) selected a 2-year carcinogenicity study in male rats to derive 
their chronic point of departure (NTP 2005). In particular, thyroid gland follicular cell 
hypertrophy was selected as the most sensitive endpoint. All administered doses 
caused an effect; therefore, benchmark dose modelling was used to derive an effect 
level. A BMDL of 0.9 mg/kg bw/day derived by the U.S. EPA (2006b) was selected for 
chronic risk characterization for sodium chlorate. For intermittent exposures to sodium 
chlorate (i.e., less than 1 event/week), a subchronic study was considered to be more 
appropriate for risk characterization than a chronic study because it is expected that 
sodium chlorate can be eliminated from the body between exposure events. Health 
Canada (2008a) and the U.S. EPA (2006b) selected a NOAEL of 30 mg/kg bw/day from 
a 90-day repeated-dose drinking water study in rats, based on thyroid gland colloid 
depletion at the next higher dose of 100 mg/kg bw/day (McCauley et al. 1995). This 
study was selected for subchronic risk characterization of sodium chlorate. 

Canadians may be exposed to sodium chlorate through products available to 
consumers and through drinking water. Levels measured in drinking water were found 
to be lower than the Health Canada (2008a) MAC, as well as the WHO drinking water 
guideline. Chlorate in drinking water is therefore considered to be of low risk to 
Canadians. Exposure to sodium chlorate may result from the use of disinfecting bleach 
and cosmetics. Concentrated bleach disinfectants may be used in a variety of ways; 
therefore, the sentinel scenarios presented below are expected to be protective of 
exposure from other cleaning scenarios. Exposure to sodium chlorate may also result 
from the use of cosmetics such as bubble bath products. The exposure estimates, 
health effects and MOEs are presented in Table 4-5. 

Table 4-5 Relevant exposure and hazard values for sodium chlorate, as well as 
MOEs, for determination of risk 

Exposure  scenario 
(duration)a 

Exposure 
(mg/kg 
bw/day) 

Critical health 
effect 

endpointb 

Critical 
effect 
level 

(mg/kg 
bw/day) 

MOE 

Dermal and inhalation 
exposure via cleaning 
kitchen counter (daily) 

0.0031 
Thyroid effects 
(BMDL) 

0.9 286 

Dermal exposure via hand-
washing laundry (per event) 

0.0043 
Thyroid effects 
(NOAEL) 

30 6911 

Dermal exposure via 
cleaning floor (daily) 

0.0018 
Thyroid effects 
(BMDL) 

0.9   499 
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Abbreviations: MOE, Margin of Exposure 
a A dermal absorption value of 10% was applied to scenarios resulting in dermal exposure to sodium chlorate. 
b Endpoints were chosen on the basis of frequency of exposure (frequency more than 1/week = 2-year 
carcinogenicity study; frequency less than or equal to 1/week = 90 day subchronic study) 

The MOEs are considered to be adequate to address any uncertainties in the exposure 
and health effects databases. 

 Sulphite subgroup 

 Sources and uses 

Sodium metabisulfite and sodium bisulfite 

Sodium metabisulfite and sodium bisulfite are not known to occur naturally. According to 
information submitted in response to a CEPA section 71 survey, for the reporting year of 
2011, between 1 000 tonnes to 10 000 tonnes of sodium metabisulfite and 1 000 tonnes 
to 10 000 tonnes of sodium bisulfite were reported to be manufactured and/or imported 
in Canada11 (Environment Canada 2013a). The top sectors that imported and 
manufactured these two substances were basic chemical manufacturing, chemical 
(except agricultural) and allied product merchant wholesalers, and other chemical 
product manufacturing. These substances were mostly used for redox control, photo 
processing, laboratory work, and multifunctional purposes (e.g., process control, 
cleaning and degreasing, enhancing paints and coatings). 

 Environmental fate and behaviour  

Data on the fate and behaviour of sodium bisulfite are limited. Thus, information for 
sodium bisulfite was obtained by a read-across approach using OECD (2001a, 2008c) 
and National Institute of Chemical Safety (NICS 2014) assessments conducted on the 
analogue substances sodium metabisulfite and sodium sulfite.  

Based on their negligible vapour pressure, sodium metabisulfite and sodium bisulfite are 
not expected to volatilize to the atmosphere (OECD 2001a, 2008c; NICS 2014).  

                                            

11 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 

Dermal and oral post-
application exposure from 
cleaning floor (daily) 

0.0027 
Thyroid effects 
(BMDL) 

0.9 339 

Dermal exposure from 
bubble bath (daily) 

0.0002 
Thyroid effects 
(BMDL) 

0.9  5439 
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Sodium metabisulfite reacts with water to produce sodium bisulfite and sulphur dioxide, 
both of which dissociate further to form bisulfite (HSO3

-) and sulphite (SO3
2-) ions. Given 

that sodium metabisulfite and sodium bisulfite are expected to completely dissociate in 
water, they should not persist in water, soils and sediments (OECD 2001a, 2008c; NICS 
2014). According to the OECD (2001a; 2008c) and NICS (2014), sodium metabisulfite 
will not bioaccumulate, suggesting that sodium bisulfite will likely not bioaccumulate 
either.  

Sulphite is the predominant species in slightly basic solutions, bisulfite is the prevalent 
form in slightly acidic solutions, and sulphur dioxide is the main form in very acidic 
solutions (Halevy et al. 2007; Jarvis 2014). In deionized water and rainwater, sulphite is 
oxidized to sulphate, where the half-lives of sulphite are approximately 77 hours and 10 
hours, respectively (Tsunogai 1971; OECD 2008c). Sulphite ions in surface water are 
catalytically oxidized by oxygen or microbes to sulphate ions (OECD 2008c). In the 
presence of some metal cations (e.g., iron, calcium, magnesium, manganese, and 
copper), the oxidation rate is significantly accelerated (Tsunogai 1971; OECD 2008c). 
Sulphite and bisulfite ions have not been observed to adsorb onto soil or sediment 
particles (NICS 2014).  

 Potential to cause ecological harm 

The predicted no-effect concentration (PNEC) for sodium metabisulfite has been 
reported to be 1 mg/L (NICS 2014). The PNEC was based on the long-term no 
observed effect concentration (10 mg/L) for Daphnia magna and an assessment factor 
of 10. A PNEC for the sulfite ion was derived from the same study and calculated to be 
0.84 mg/L (NICS 2014). According to Tsunogai (1971) and the OECD (2008c), the 
sulphite ion is short-lived in the environment, especially in the presence of metals. 
Results of various ecotoxicological studies have also shown that the sulphite ion 
induces fish and aquatic invertebrate mortality by reducing the pH level and oxygen 
availability in the aqueous media (Ryon et al. 2002; Basu and Dorner 2010; NICS 
2014).  

As described in Section 5.1 of this report, sodium metabisulfite and sodium bisulfite are 
mainly used as laboratory substances and redox agents by chemical manufacturing and 
distribution companies. These uses would result in transformation of the substance to a 
less reactive form. It is unlikely that the substances would be released directly to the 
environment in significant quantities. Excess sulphite in wastewater effluent may lead to 
lower oxygen availability; however, various effluent regulations have set limits for 
appropriate oxygen demand levels (Canada 2012). 

Given their environmental instability and relatively low ecotoxicity, sodium metabisulfite 
and sodium bisulfite are expected to have low potential to cause ecological harm in 
Canada. The OECD (2008c) and NICS (2014) also found sodium sulfite (an analogue) 
and sodium metabisulfite to be of low concern for the environment. 
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 Potential to cause harm to human health 

Both substances from the sulphite subgroup were considered using the Low Human 
Health Hazard Potential Approach (see Appendix A; Health Canada [modified 2017]). 
Details with regard to data and considerations for the substances in the sulphite 
subgroup are presented in the Science Approach Document for Substances with Low 
Human Health Hazard Potential (Health Canada [modified 2017]). On the basis of these 
results, sodium metabisulfite and sodium bisulfite were considered to be of low concern 
for human health. 

 Hydrogen and hydroxide subgroup 

 Sources and uses 

Potassium oxide, sodium silicate and potassium silicate 

Potassium silicate and sodium silicate are naturally occurring compounds; however 
potassium oxide is not known to occur naturally. According to information submitted in 
response to a CEPA section 71 survey, for the reporting year of 2011, between 100 
tonnes to 1 000 tonnes of potassium oxide, 100 000 tonnes to 1 000 000 tonnes of 
sodium silicate, and 10 000 tonnes to 100 000 tonnes of potassium silicate were 
reported to be manufactured and imported in Canada12 (Environment Canada 2013a). 
The top sectors importing and manufacturing these three substances were basic 
chemical manufacturing; other chemical product manufacturing; chemical (except 
agricultural) and allied product merchant wholesalers; soap, cleaning compound and 
toilet preparation manufacturing; petroleum and coal manufacturing; paint, coating and 
adhesive manufacturing; and other undisclosed sectors. Potassium oxide, sodium 
silicate, and potassium silicate were mainly used in industrial, corrosion inhibition and 
anti-scaling, and absorbent processes (Environment Canada 2013a).  

Hydrochloric acid and sulphuric acid 

Hydrochloric acid and sulphuric acid are naturally occurring compounds. They may be 
present in volcanic gases at various concentrations depending on the location and 
composition of the volcano (HSDB 1983a- ,1983b- ,1983f- ). Hydrochloric acid is also a 
major component of gastric juices in organisms (HSDB 1983a- ), and sulphuric acid is 
also produced via oxidation by certain bacterial microbes (HSDB 1983f- ).Based on 
CBSA (2016) data, the average annual import quantity in Canada between the year 
2010 and 2013 for hydrochloric acid and sulphuric acid was between 10 000 tonnes to 
100 000 tonnes (for each substance). Information obtained from the CIMT (1997- ) 

                                            

12 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 
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database suggests that 45 036 tonnes and 95 518 tonnes of hydrochloric acid and 
sulphuric acid, respectively, were imported into Canada in 2017. Three sectors 
accounted for 95% of the total hydrochloric acid imported into Canada: soap, cleaning 
compound and toilet preparation manufacturing; basic chemical manufacturing; and 
chemical wholesalers (CBSA 2016). For sulphuric acid, roughly 92% of the total quantity 
reported to the CBSA (2016) database was imported by three sectors; the petroleum 
product wholesaler-distributors; oil and gas extraction; and chemical wholesalers. Both 
of these strong acids are widely used in various applications, including petroleum 
production and refining, descaling, ore processing, industrial cleaning, pH adjustment, 
and manufacturing of fertilizers, chemicals, explosives, and batteries (HSDB 
1983a- ,1983f- ). Sulphuric acid may also be used in the electricity sector for treatment 
of makeup water at power plants where steam production is required to generate 
electricity (personal communication, email from the Risk Management section, 
Environment and Climate Change Canada to the Ecological Assessment Division, 
Environment and Climate Change Canada, dated April 7, 2020).  

Potassium hydroxide and sodium hydroxide 

Potassium hydroxide and sodium hydroxide are not known to occur naturally. On an 
average annual basis, between 10 000 tonnes to 100 000 tonnes of solid and aqueous 
potassium hydroxide were imported into Canada between 2010-2013, while 100 000 
tonnes to 1 000 000 tonnes of solid and aqueous sodium hydroxide were imported into 
Canada within the same period (CBSA 2016). In 2017, 35 602 tonnes and 397 350 
tonnes of potassium hydroxide and sodium hydroxide, respectively, were imported into 
Canada (CIMT 1997- ). Chemical wholesalers and pesticide, fertilizer, and basic 
chemical manufacturers collectively accounted for 92% of the total potassium hydroxide 
imported into Canada between 2010 and 2013 (CBSA 2016). During this three-year 
period, 90% of the total sodium hydroxide reported to the CBSA database was 
collectively imported by the following sectors: basic chemical manufacturers; chemical 
wholesalers; and pulp, paper and paperboard mills (CBSA 2016). As strong bases, 
potassium and sodium hydroxide have been used for many functions, such as cleaning, 
bleaching, pH adjustment; and manufacturing chemicals, fertilizers, and pesticides 
(HSDB 1983m- ,1983n- ).  

 Environmental fate and behaviour  

The fate and behaviour of potassium oxide, sodium silicate, potassium silicate, 
hydrochloric acid, sulphuric acid, potassium hydroxide, and sodium hydroxide are 
discussed in reports published by the OECD (2001b, 2001c, 2002a, 2002b, 2004b), the 
Human and Environmental Risk Assessment (HERA) initiative (HERA 2005), the U.S. 
EPA (2007), and other agencies (ATSDR 1998; Library of Parliament 1998; ON MOE 
2007c). Fate information for potassium oxide was also obtained from the European 
Chemicals Agency’s Registered Substances Database (ECHA 2007- ).  

Hydrochloric acid, the aqueous form of gaseous hydrogen chloride, is highly volatile 
with a vapour pressure of approximately 32 000 mmHg to 35 000 mmHg (at 20 oC  to 
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25oC) (OECD 2002a; ECHA 2007- ). In the atmosphere, hydrogen chloride reacts with 
hydroxyl radicals to form free chloride radicals, where the estimated half-life for this 
reaction is 11 days (OECD 2002a). However, this free radical reaction does not occur in 
the presence of moisture because of the substance’s high water solubility. Sulphuric 
acid has a vapour pressure that is less than 10-3 mmHg at 20 ˚C  to 25˚C (OECD 2001c; 
Table B-1, Appendix B), and sulphuric acid particles have an average tropospheric half-
life between 3.5 days to 10 days (ON MOE 2007c). Both hydrochloric and sulphuric acid 
can be removed from air via dry and wet deposition (Reuss and Johnson 1986; OECD 
2001c, 2002a), and sulphuric acid is a major component of acid precipitation (ATSDR 
1998; Library of Parliament 1998; OECD 2001c; ON MOE 2007c). Nonetheless, 
hydrochloric acid and sulphuric acid may persist in air for days. Given that potassium 
hydroxide, sodium hydroxide, potassium oxide, potassium silicate and sodium silicate 
all have negligible vapour pressure, they are not expected to partition to air and thus are 
not of concern in the atmospheric compartment (OECD 2001b, 2002b, 2004b; HERA 
2005; ECHA 2007- ).  

The substances in the hydrogen and hydroxide subgroup readily dissociate in water to 
form hydrogen, hydroxide, sulphate, chloride, potassium, or sodium ions (OECD 2001b, 
2001c, 2002a, 2002b; ECHA 2007- ). Anhydrous forms of sodium silicate and 
potassium silicate dissolve slowly under ambient conditions, whereas solutions—
including those that are spray-dried—are miscible with water and release sodium or 
potassium cations, hydroxide anions and silicic acids (OECD 2004b; HERA 2005; U.S. 
EPA 2007). These dissociation products are ubiquitous in the environment, and some 
(e.g., sodium, potassium, sulphate, and chloride ions) are even considered major 
freshwater ions because of their abundance (Gorham 1961). Since the substances in 
this subgroup readily transform in water, they are not expected to persist in aquatic and 
terrestrial environments nor are they expected to bioaccumulate in organisms.  

 Potential to cause ecological harm 

Data reported to the NPRI between 2012 to2016 show that hydrochloric acid was 
released to surface waters by pulp and paper facilities, and sulphuric acid was 
discharged to surface waters by meat product manufacturing, power generation and 
chemical manufacturing facilities (ECCC, HC 2021; NPRI 2012-2016). Although 
releases of sulphuric acid to air (3619 tonnes to 7144 tonnes) may raise concerns about 
acidic precipitation, these quantities are negligible in comparison to air releases of 
precursors to sulphuric acid (i.e., sulphur dioxide, which is listed on Schedule 1 of 
CEPA). 

According to the OECD (2001b, 2001c, 2002a, 2002b, 2004b), HERA initiative (HERA 
2005), U.S. EPA (2007), and ON MOE (2007c), the primary ecotoxicological hazard of 
the seven substances in the hydrogen and hydroxide subgroup is driven by pH-related 
effects, rather than from direct effects of the substance (U.S. EPA 2007). The pH of 
Canadian municipal wastewater treatment system effluents were surveyed in the 
National Survey of Wastewater Treatment Plants for the year 2000 (CWWA 2001). All 
facilities reported pH levels within the CWQG for fresh water (pH = 6.5 to9) (CCME 
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2021). Additionally, monitoring of pH levels from 2010 to 2019 at certain wastewater 
treatment systems across Canada show an annual pH average of 7.35, with the lowest 
measured pH of 6.32 and the highest measured pH of 8.73 (personal communication, 
email from the Wastewater Science Unit, Environment and Climate Change Canada to 
the Ecological Assessment Division, Environment and Climate Change Canada, dated 
January 7, 2020). 

Most reported uses of these substances are expected to discharge to wastewater 
treatment systems. Based on typical pH levels in final wastewater effluent, the potential 
for the seven substances in the hydrogen and hydroxide subgroup to cause ecological 
harm in Canada is expected to be low.  

 Potential to cause harm to human health 

All seven substances from the hydrogen and hydroxide subgroup were considered 
using the Low Human Health Hazard Potential Approach (see Appendix A, Table A-2; 
Health Canada [modified 2017]). Details with regard to data and considerations for the 
hydrogen and hydroxide subgroup are presented in the Science Approach Document 
for Substances with Low Human Health Hazard Potential (Health Canada [modified 
2017]). On the basis of these results, these seven substances were considered to be of 
low concern for human health. 

 Phosphate subgroup 

 Sources and uses 

Phosphoric acid and diphosphorus pentoxide 

Phosphoric acid and diphosphorus pentoxide are not known to occur naturally. 
According to information submitted in response to a CEPA section 71 survey, for the 
reporting year of 2011, between 100 000 tonnes to 1 000 000 tonnes of phosphoric acid 
were reported to be manufactured and imported into Canada while 100 tonnes to 1 000 
tonnes of diphosphorus pentoxide were imported in the same year13 (Environment 
Canada 2013a). Based on the quantities, the top sectors reporting the two substances 
were: pesticide, fertilizer and other agricultural chemical manufacturing; basic chemical 
manufacturing; chemical (except agricultural) and allied product merchant wholesalers; 
and paint, coating and adhesive manufacturing. Phosphoric acid and diphosphorus 
pentoxide were mainly used in agricultural, intermediary, paint and coating 
enhancement, and other applications, such as process control, cleaning and 

                                            

13 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 



Draft Screening Assessment - Acids and Bases  Last updated 2020-01-08 

33 

degreasing, corrosion inhibition and anti-scaling, surface activation, and adhesion and 
sealing. 

 Environmental fate and behaviour  

Although the ON MOE (2007b) and the OECD (2009) assessed phosphoric acid, fate 
and behaviour data for both phosphoric acid and diphosphorus pentoxide are limited.  

In the atmosphere, phosphoric acid can be found in aerosol particles and water droplets 
despite its low vapour pressure (0.03 mmHg at 20˚C, see Table B-1, Appendix B). The 
average tropospheric half-life of particles is estimated to be between 3.5 days to 10 
days (ON MOE 2007b); and thus, phosphoric acid may be considered persistent in air. 
However, according to Krassován et al. (2015), the atmospheric compartment does not 
play a significant role in the biogeochemical cycling of phosphorus since emissions of 
related gaseous compounds are low.  

In water, diphosphorus pentoxide rapidly hydrolyzes to form phosphoric acid (ECHA 
2007- ). Phosphoric acid is a tribasic acid, in which the first hydrogen ion is strongly 
ionizing, the second is moderately weak, and the third is very weak (pKa1=2.15, 
pKa2=7.09, pKa3=12.32) (OECD 2009).  

Phosphorus exists in aquatic environments in three forms: inorganic phosphorus, 
particulate organic phosphorus and dissolved organic phosphorus (CCME 2004). 
Phosphate has high adsorption capacity to soils and sediments, in particular those with 
high iron oxides and calcium carbonate content; and hence, lacks mobility in terrestrial 
and aquatic environments (CCME 2004; ON MOE 2007b; Rivett et al. 2008). According 
to Ator et al. (2011), total phosphorus (TP) concentrations are higher in surface waters 
that drain areas with frequent rainfall and poorly-drained soils. These conditions 
promote soil erosion and reduce the potential for infiltration, thereby increasing 
phosphate concentrations in surface waters via runoff (Ator et al. 2011). In low-turbidity 
waters, such as lakes and wetlands, sediment deposition is an important process that 
removes phosphate from the water column (Blevins 2004). However, Blevin (2004) 
notes that changes in temperature, pH, turbidity, oxygen levels and the saturation of the 
sediments can all remobilize phosphate.  

 Potential to cause ecological harm 

Between 2012 and 2016, annual releases of TP reported to the NPRI was 
predominately to surface waters, with a range of 5226 tonnes to 5353 tonnes (NPRI 
2012-2016). Quantities of release to land and air were secondary compared to releases 
to surface waters. Water, sewage and other systems, and pulp, paper and paperboard 
mills were the top sectors directly discharging TP to surface waters (ECCC, HC 2021; 
NPRI 2012-2016). 

According to the ON MOE (2007b) and the OECD (2009), the ecotoxicity of phosphoric 
acid and diphosphorus pentoxide is related to pH-driven effects. However, pH at 
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municipal wastewater treatment systems have been shown to fall within the CWQG for 
fresh water (pH= 6.5 to9) (CCME 2021; see section 6.3 for further information). 
Furthermore, both of these substances dissociate in water to release the phosphate ion, 
which is non-toxic to aquatic organisms (CCME 2004) and is an essential macronutrient 
that is required by all living organisms for its key role in metabolic processes (Brinch-
Pedersen et al. 2002; CCME 2004).  

Given the low potential to induce pH-driven effects, phosphoric acid and diphosphorus 
pentoxide are anticipated to have low potential to cause ecological harm in Canada. 
The OECD (2009) also concluded that phosphoric acid is of low priority for further 
ecological work, in part because of its low hazard.  

 Potential to cause harm to human health  

Both substances from the phosphate subgroup were considered using the Low Human 
Health Hazard Potential Approach (see Appendix A, Table A-2; Health Canada 
[modified 2017]). Details with regard to data and considerations for the phosphate 
subgroup are presented in the Science Approach Document for Substances with Low 
Human Health Hazard Potential (Health Canada [modified 2017]). On the basis of these 
results, these two substances were considered to be of low concern for human health. 

 Nitrate and nitrite subgroup 

 Sources and Uses 

Nitric acid, calcium nitrate, potassium nitrate, and sodium nitrate 

Nitric acid, calcium nitrate, potassium nitrate, and sodium nitrate are naturally occurring 
compounds. Sodium nitrate and calcium nitrate can be found in caves or ore deposits in 
specific regions around the world (Broughton 1971; Duncan 1997; Urbansky et al. 
2000). Nitrogen oxides derived from lightning and biogenic sources can form nitric acid 
in atmospheric vapours (Lazrus and Gandrud 1974; Schumann and Huntrieser 2007; 
Stewart et al. 2008). According to information submitted in response to a CEPA section 
71 survey, for the reporting year of 2011, between 100 000 tonnes to 1 000 000 tonnes 
of nitric acid, calcium nitrate and sodium nitrate were manufactured and imported in 
Canada, with the majority attributed to nitric acid14 (Environment Canada 2013a). Import 
quantities for potassium nitrate reported to the CBSA indicate an average annual import 
quantity of 1 000 tonnes to 10 000 tonnes between 2010 and 2013 (CBSA 2015), and in 
2017, 12 218 tonnes of potassium nitrate were imported into Canada (CIMT 1997- ). 
The largest quantities were mainly reported by the following sectors: pesticide, fertilizer 

                                            

14 Values reflect quantities reported in response to a CEPA section 71 survey (Environment Canada 
2013a) and are available in the supporting document (ECCC, HC 2021). See survey for specific 
inclusions and exclusions (schedules 2 and 3). 
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and other agricultural chemical manufacturing; other chemical product manufacturing; 
oil and gas extraction; non-residential building construction; chemical (except 
agricultural) and allied product merchant wholesalers; basic chemical manufacturing; 
and paint, coating and adhesive manufacturing (CBSA 2015; Environment Canada 
2013). Nitric acid, calcium nitrate, and sodium nitrate were reported to be mainly used 
for agricultural (non-pesticidal), process and redox control, and intermediary purposes 
(Environment Canada 2013a), whereas potassium nitrate is used for manufacturing 
fertilizers and explosives (HSDB 1983k- ; NRC [modified 2019]). 

Nitric acid, calcium nitrate, potassium nitrate and sodium nitrate are permitted food 
additives, and may be used as components in the manufacture of food packaging 
materials, or as components in incidental additives used in food processing 
establishments (personal communication, email from the Food Directorate, Health 
Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, dated 
May 9, 2018; unreferenced). Sodium nitrate, potassium nitrate, and nitric acid may be 
found as medicinal or non-medicinal ingredient in drugs including NHPs (personal 
communication, email from the Therapeutic Products Directorate, Health Canada, to the 
Existing Substances Risk Assessment Bureau, Health Canada, dated May 3, 2018; 
unreferenced; email from the Natural and Non-prescription Health Products Directorate, 
Health Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, 
dated January 22, 2019; unreferenced). On the basis of notifications to Health Canada, 
sodium nitrate and potassium nitrate may also be found in cosmetics (personal 
communication, email from the Consumer and Hazardous Products Safety Directorate, 
Health Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, 
dated April 17, 2018; unreferenced). Other products available to consumers containing 
sodium nitrate include cleaning products, lawn fertilizers, and adhesive/sealant 
products. Nitric acid, calcium nitrate, potassium nitrate and sodium nitrate may also be 
used in pesticides (personal communication, email from the Pest Management 
Regulatory Agency, Health Canada, to the Existing Substances Risk Assessment 
Bureau, Health Canada, dated April 5, 2018; unreferenced). 

Sodium nitrite  

Sodium nitrite is not known to naturally occur; however, nitrite ions are ubiquitous in the 
environment. Between 2010 and 2013, an average annual import quantity of 1 000 
tonnes to 10 000 tonnes of sodium nitrite was reported to the CBSA (2015). According 
to data obtained from the CIMT (1997- ) database, approximately 5 650 tonnes of “HS 
283410 Nitrites, of metals”, which includes sodium nitrite, were imported into Canada in 
2017. Between 2010 and 2013, the chemical, machinery, equipment and supplies 
wholesalers accounted for roughly 94% of the total sodium nitrite imported (CBSA 
2015). Sodium nitrite is mainly used for food preservation, chemical manufacturing and 
corrosion inhibition (HSDB 1983j-; CFIA [modified 2018]).  

Sodium nitrite is a permitted food additive, and may be used as a component in the 
manufacture of food packaging materials, or as a component in incidental additives 
used in food processing establishments (personal communication, email from the Food 
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Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated May 9, 2018; unreferenced). Sodium nitrite may be used in 
pesticides and as a medicinal or non-medicinal ingredient in drugs including NHPs 
(personal communication, email from the Pest Management Regulatory Agency, Health 
Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, dated 
April 5, 2018; unreferenced, email from the Therapeutic Products Directorate, Health 
Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, dated 
May 3, 2018; unreferenced; email from the Natural and Non-prescription Health 
Products Directorate, Health Canada, to the Existing Substances Risk Assessment 
Bureau, Health Canada, dated January 22, 2019; unreferenced). Sodium nitrite may 
also be found in other products available to consumers such as cleaning products, paint 
and/or primers, and automobile care products (leak sealant, engine coolant and tire 
cleaning products).  

 Environmental fate and behaviour  

Numerous reports (U.S. EPA 1991; OECD 2005, 2007, 2008b; WHO 2011; CCME 
2012; Health Canada 2013; ATSDR 2017) have examined the fate and behaviour of the 
five substances in the nitrate and nitrite subgroup, including their primary water 
dissociation products, i.e., nitrate and nitrite ions.  

In the atmosphere, nitrogen oxides can react with water vapour or hydroxyl radicals to 
form nitric acid (vapour pressure of 47 mmHg and water solubility greater than 500 g/L 
at 20˚C, see Table B-1, Appendix B), which can be removed via dry and wet deposition 
(CCME 2012; WHO 2011). Sodium nitrite, sodium nitrate, potassium nitrate and calcium 
nitrate all have negligible vapour pressure (OECD 2005, 2007; Table B-1, Appendix B); 
and thus, are not expected to partition to the atmosphere.  

In water, sodium nitrite rapidly dissociates to release sodium and nitrite ions (OECD 
2005), while nitric acid, sodium nitrate, potassium nitrate and calcium nitrate will 
dissolve and release nitrate ions and metal cations (OECD 2007; ATSDR 2017). 
Bioaccumulation is not expected for sodium nitrite, nitric acid, potassium nitrate, sodium 
nitrate and calcium nitrate because they readily dissociate into ions in aqueous 
solutions (OECD 2005, 2007, 2008b). 

Nitrite is the reduced and less stable form of nitrate; and thus, the latter species is 
typically more prevalent in the environment (Chambers et al. 2001; WHO 2011; CCME 
2012; ATSDR 2017). In the environment, nitrite may be transformed to nitrate through 
microbially mediated nitrification. Subsequently, microbes are able to convert nitrate to 
gaseous nitrogen through denitrification in anaerobic environments, such as 
waterlogged soils. In most inland and coastal environments, denitrification results in net 
losses of nitrate when compared to gains through nitrogen fixation (CCME 2012). In 
terrestrial environments, adsorption of nitrate onto soils and sediments is unlikely to 
occur unless the materials have considerable anion exchange capacity; these types of 
soils and sediments are rare in non-tropical regions. Based on this, groundwater 
leaching and surface runoff are considered important transport processes for the nitrate 
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ion in Canadian ecosystems (CCME 2012). The CCME (2012) also notes that the fate 
processes of nitrate and nitrite are largely governed by pH, temperature and oxygen 
availability. Nitrate and nitrite ions have been observed to accumulate in some fish and 
plants (Margiocco et al. 1983; OECD 2008b; CCME 2012; ATSDR 2017). 

 Potential to cause ecological harm 

8.3.1 Ecological effects assessment 

While the ecotoxicological effects of nitric acid are mostly pH-related, the effects of the 
other four substances (i.e., sodium nitrite, sodium nitrate, calcium nitrate and potassium 
nitrate) in this subgroup are mainly attributed to their dissociation products: nitrite (NO2

-) 
or nitrate (NO3

-) (OECD 2005, 2008b; ATSDR 2017). For nitrate, the CCME (2012) 
developed a long-term freshwater guideline value of 13 mg NO3

-/L (3 mg NO3
-
 - N/L), 

using species sensitivity distributions for low- and no-effect endpoints of fish, 
amphibians, and invertebrates. For nitrite, the CCME developed a long-term freshwater 
guideline value of 0.197 mg NO2-/L using chronic aquatic fish data (CCME 1987). The 
nitrite ion is considerably more toxic than the nitrate ion, although it is less stable (and 
thus less prevalent) in the environment compared to nitrate (WHO 2011; CCME 2012; 
Health Canada 2013; ATSDR 2017). According to the CCME (2012), aquatic plants in 
aerobic environments depend on nitrate as their principal source of nitrogen. 

8.3.2 Ecological exposure assessment 

An analysis of 2016 and 2017 NPRI data show that the top sectors reporting direct 
discharges of the nitrate ion, based on annual average effluent concentrations, were 
water, sewage and other systems; metal ore mining; and meat packaging (NPRI 2012-
2016). Reported annual averages of nitrate ion concentrations in effluent were used to 
calculate preliminary predicted environmental concentrations (PEC) by adding a dilution 
factor of 10 to account for dilution of the effluent in the receiving environment. This 
analysis indicated two facilities released nitrate at levels of potential concern. The first 
facility is a meat processing facility located in High River, Alberta and discharges into a 
restored wetland designed to treat wastewater from both an industrial and municipal 
wastewater system (Sosiak 1994). A study examining the nutrient flux within the 
wetland over a three-year period (2012-2015) reported average total nitrogen 
concentrations in the wastewater effluent to be 61 mg/L (Zhu 2019). The average total 
nitrogen concentration measured downstream of the wetland (Little Bow River) over this 
same time period was reported to be 2.55 mg N/L. The lower nitrogen concentration in 
the receiving environment may be attributed to factors such as dilution, plant uptake, 
and nitrification – denitrification (Vymazej 2007). The second facility is involved in 
mineral mining and is subject to the Metal and Diamond Mining Effluent Regulations 
and submits water quality monitoring data under the environmental effects monitoring 
provisions (Canada 2002a). According to surface water quality monitoring data sampled 
for 2015 to 2016 and 2018 to 2019, the maximum surface water concentration of nitrate 
at the site is reported to be 6.82 mg NO3

-/L. 
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The CCME (2012) notes that runoff from agricultural sources (e.g., cropland and 
feedlots) and urban sources (e.g., lawns, landfills, vehicular exhaust, and storm sewer 
overflows) are the greatest sources of nitrate input into surface waters. This trend was 
also observed in groundwater and surface waters in England (Rivett et al. 2008) and the 
U.S. (Puckett et al. 2011). The CCME (2012) also notes that all forms of inorganic 
ammonia or ammonium in surface waters can transform into nitrate via nitrification; and 
thus, contribute to the overall surface water nitrate concentrations. 

Between 2012 and 2016, 2 facilities in the motor vehicle manufacturing sector and the 
iron and steel mills and ferro-alloy manufacturing sector reported direct releases of 
sodium nitrite to surface waters (57.5 tonnes released over the 4 years). The PECs 
were determined using the reported release quantities to water, effluent flow rate of the 
municipal wastewater system, and an assumption of year-round operating days. A 
wastewater removal rate of 0% was assumed, which may be a conservative assumption 
considering nitrite can readily oxidize (Chambers et al. 2001). The PEC for sodium 
nitrite (adjusted to reflect the concentration of the nitrite ion) for the first facility ranged 
from 0.002 to 0.003 mg NO2

-/L and the PEC for the second facility ranged from 0.09 to  
0.12 mg NO2

-/L. 

Between 2012 and 2016, release of nitric acid was mainly to the atmospheric 
compartment (100 tonnes) (ECCC, HC 2021; NPRI 2012-2016). 

 

8.3.3 Characterization of ecological risk 

The aquatic toxicity of nitric acid is mostly pH-driven. As current pH levels in wastewater 
treatment system effluent is within or near the CWQG for freshwater (pH = 6.5 to 9;(see 
Section 6.3 for further information), the potential to cause ecological harm from this 
substance is considered to be low. Although releases of nitric acid to the atmospheric 
compartment (100 tonnes) may raise concerns about acidic precipitation, these 
quantities are negligible in comparison to air releases of nitric acid precursors (a total of 
586 342 tonnes of the precursor nitrogen oxides was reported to be released to air in 
2016) (NPRI 2012-2016). Nitrogen oxides is listed on Schedule 1 of CEPA and is being 
risk managed.  

To characterize the risk from the remaining substances in the nitrate and nitrite 
subgroup (calcium nitrate, sodium nitrate, potassium nitrate, and sodium nitrite), 
exposure estimates were compared to chronic toxicity information for aquatic 
environments to determine whether there is potential for ecological harm in Canada.  

With respect to the 3 nitrate substances, measured concentration of total nitrogen in the 
receiving environment at the first facility investigated, a meat processing facility (see 
Section 8.3.2) (2.55 mg N/L) is below the PNEC (3 mg NO3

- - N/L). The PEC for total 
nitrogen incorporates concentrations of nitrogen from substances other than the nitrate 
ion and therefore may be conservative. This indicates low potential for harm to the 
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aquatic environment at this site. Measured concentration of nitrate at the second facility, 
a mineral mine (6.82 mg NO3

-/L) is also below the PNEC (13 mg NO3
-/L), indicating 

there is low potential for harm to the aquatic environment at this site.  

Similarly, for sodium nitrite, the highest calculated concentration of nitrite (0.12 mg/L) is 
below the chronic toxicity guideline value of 0.197 mg/L (CCME 1987), indicating there 
is low potential for harm to the aquatic environment from this substance. 

Based on the characterization of both hazard and exposure, the five substances in the 
nitrate and nitrite subgroup are anticipated to have low potential to cause ecological 
harm in Canada. 

  Potential to cause harm to human health  

8.4.1 Health effects assessment 

Nitrate and nitrite are interconverted within the body via oxidation-reduction reactions; 
therefore, it is difficult to assess their human health effects in isolation. The cations 
(sodium, potassium and calcium) are expected to enter normal homeostatic processes, 
and the health effects assessment is focussed on the nitrate and nitrite ion, which are 
expected to determine the toxicity of the substances.  

Several international organizations have reviewed nitrate and nitrite (JECFA 1996, 
2003; IARC 2010; U.S. EPA Revised 1991, 2018; WHO 2016; EFSA 2008, 2017a, 
2017b; ATSDR 2017). Nitrate and nitrite were also reviewed by Health Canada (Health 
Canada 2013). These existing assessments were used to inform the health effects 
section for this assessment. A literature search was conducted on literature published 
from 2016 to May 2019, which encompasses the year prior to the most recent 
assessment on nitrate and nitrite. The results from this literature search do not impact 
the risk characterization from previous assessments (i.e., not suggesting different 
critical endpoints or lower points of departure).  

Toxicokinetics 

Nitrate and nitrite that passes through the small intestine is rapidly and near completely 
absorbed into systemic circulation, with a bioavailability of at least 92%. Less than 2% 
of dietary nitrate intake reaches the terminal ileum (Health Canada 2013; WHO 2016). 
Peak plasma levels of nitrate and nitrite are reached 40 minutes to 60 minutes after 
consumption of a high-nitrate diet (Pannala et al. 2003), suggesting quick absorption 
into systemic circulation. Dermal absorption of nitrite has been shown not to occur in 
product formulations with neutral or basic pH. However, acidified-nitrite solutions can 
penetrate the dermal barrier and enter systemic circulation (Opländer et al. 2012).  

Once absorbed, nitrate and nitrite are rapidly distributed throughout the tissues. Within 
systemic circulation, nitrite can be reoxidized by haemoglobin by a coupled-reaction, 
which produces nitrate and methaemoglobin (Health Canada 2013; WHO 2016; EFSA 
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2017b; ATSDR 2017). Nitrate and nitrite are both produced endogenously, primarily 
through the reduction of L-arginine to nitric oxide. Nitric oxide is rapidly oxidized to nitrite 
in the presence of oxygen and ceruloplasmin (ASTDR 2017).  

In addition, plasma nitrate is selectively transported to salivary glands by the 
sodium/iodide symporter (Health Canada 2013; WHO 2016; EFSA 2017b; ATSDR 
2017). Consequently, nitrate is found in high concentrations in the saliva (EFSA 2017b). 
This symporter is also active in mammary glands, resulting in nitrate distribution to 
breast milk (Health Canada 2013; WHO 2016).  

The majority of plasma nitrate is excreted unchanged in the urine (60-75%) (Health 
Canada 2013; WHO 2016; EFSA 2017b; ASTDR 2017). The amount of nitrite excreted 
in the urine is essentially negligible (0.02%) because nearly all nitrite is oxidized to 
nitrate by haemoglobin in the blood (WHO 2016; EFSA 2017a; EFSA 2017b). Some 
nitrate is excreted in breast milk and perspiration and negligible amounts are excreted in 
the faeces (<1%) (Health Canada 2013; ASTDR 2017). The biological half-life of plasma 
nitrate and nitrite are 5 hours to 6 hours and 20 minutes to 30 minutes, respectively 
(ASTDR 2017), suggesting that both nitrate and nitrite are cleared from systemic 
circulation in less than 48 hours.  

Acute Health Effects 

The acute oral toxicity of nitrate in experimental animals is generally low, with LD50 
above 3100 mg/kg bw/day. Nitrite is highly acutely toxic in experimental animals, with 
an LD50 of 120 mg/kg bw/day (Health Canada 2013).  

For nitrate, human oral lethal doses range from 67 mg/kg bw to 833 mg/kg bw. For 
nitrite, the estimated oral lethal dose for humans ranges from 33 mg/kg bw to 250 mg/kg 
bw. The lower doses apply to children, the elderly and people with a deficiency in 
reduced nicotinamide adenine dinucleotide-cytochrome b5-methaemoglobin reductase 
(Health Canada 2013).  

Repeated-Dose Health Effects 

Health Canada (2013) derived a drinking water guideline for nitrate (MAC of 45 mg/L) 
based on the absence of adverse health effects (methaemoglobinemia and thyroid 
effects) below 45 mg/L (5.9 mg/kg bw/day). While no single key study was used to 
derive the guideline value, a weight of evidence approach was used based on the 
results of epidemiological studies. This MAC is protective of bottle-fed infants, which are 
considered to be the most sensitive subpopulation.   

The Health Canada (2013) drinking water guideline for nitrite (MAC = 3 mg/L = 0.39 
mg/kg bw/day) was based on the MAC for nitrate of 45 mg/L (i.e., converting 45 mg/L 
for nitrate to corresponding molar concentration for nitrite and multiplying by a factor of 
0.1 to account for the estimated conversion of nitrate to nitrite). The WHO (2016) also 
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derived a drinking water guideline for nitrite using an approach that was consistent with 
Health Canada (2013).  

The EFSA (2017a) ADI for nitrite was based on a 14-week repeated-dose drinking 
water study in rats (NTP 2001). Increase in methaemoglobin was selected as the most 
relevant effect for nitrite exposure. No LOAEL could be identified because the increase 
in methaemoglobin levels occurred at all doses tested. The BMDL for increase in 
methaemoglobin determined from this data was 9.63 mg sodium nitrite/kg bw/day. The 
resulting ADI was 0.07 mg nitrite/kg bw/day. The benchmark response of 5% was 
selected (with adjustments for within-group variation) (EFSA 2017a). Background levels 
of methaemoglobin are typically between 1 to 3% of total blood haemoglobin 
concentration (Goldsmith et al. 1976), and clinical methaemoglobinemia is generally 
indicated at methaemoglobin levels >10% of total haemoglobin (ATSDR 2017).  A 5% 
increase in methaemoglobin levels over the background is considered to have limited 
clinical significance and this BMDL is considered to be conservative.  

A range of ADIs for nitrate was derived using the ADI for nitrite (0.07 mg/kg bw/day) and 
the overall conversion of nitrate to nitrite in the mouth (1 to 9%) (EFSA 2017a). This 
resulted in an estimated range of 1.05 mg/kg bw/day to 9.4 mg/kg bw/day for nitrate. 
The previous ADI established by SCF (1997) and JECFA (2003) (i.e., 3.7 mg/kg 
bw/day) falls within the range calculated by EFSA (2017b); therefore, EFSA retained the 
ADI for nitrate of 3.7 mg/kg bw/day. Note that while the JECFA (2003) ADIs for nitrite 
and nitrate had the same numerical values as EFSA, they were based on non-cancer 
effects on the heart and lung in a 2-year study in rats. 

The ADIs developed by EFSA (2017a, 2017b) for nitrite (0.07 mg/kg bw/day) and nitrate 
(3.7 mg /kg bw/day) are more conservative than MACs generated by Health Canada 
(2013). Therefore, the EFSA ADIs were selected as suitable guidance values for risk 
characterization of exposure to nitrite and nitrate.  

At higher exposure levels studies in humans exposed to nitrate in drinking water at 
concentrations above 50 mg/L show an increase in thyroid volume and thyroperoxidase 
levels as well as increased incidence of goitre (Health Canada 2013; WHO 2016). In 
rats, exposure to sodium nitrate concentrations of 50 mg/L (equivalent to 36.45 mg/L as 
nitrate ion) and above for 30 weeks increased the weight of the thyroid. IARC (2010) 
has assessed the carcinogenicity of ingested nitrates and nitrites in humans. Overall, 
IARC (2010) concluded that ingested nitrate or nitrite under conditions that result in 
endogenous nitrosation is probably carcinogenic to humans (group 2A). The strongest 
associations between nitrite intake and cancer were recorded in individuals with high 
nitrite and low vitamin C intake, a combination which promotes the endogenous 
formation of N-nitroso compounds (IARC 2010).  

Health Canada (2013) concluded that there is no clear evidence of carcinogenicity from 
nitrate or nitrite per se in humans. This conclusion was supported by WHO (2016). 
Health Canada (2013) quantified the cancer risk that may exist under conditions of 
endogenous nitrosation of ingested nitrate. Estimated lifetime excess cancer risk from 
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the endogenous formation of N-nitrosodimethylamine (NDMA), an N-nitroso compound, 
was based on the exposure to nitrate in drinking water at a level equivalent to the MAC 
(45 mg/L = 5.9 mg/kg bw/day). The estimated lifetime excess cancer risk was estimated 
to be 6.5x10-6, which is in the range of risk considered by Health Canada to be 
essentially negligible (1x10-6 to 1x10-5). EFSA (2017a) applied the same model as 
Health Canada (2013) to estimate the amount of endogenous NDMA formation using 
the nitrite ADI (0.07 mg/kg bw/day) and nitrate ADI (3.7 mg/kg bw/day). EFSA (2017a) 
derived MOEs of 4.2x105 and 3.2x104 for nitrite and nitrate, respectively, which are 
above the MOE considered by EFSA to be low concern for genotoxic and carcinogenic 
substances (i.e., an MOE of 10 000).  Overall, it has been concluded that nitrate and 
nitrite are not genotoxic (EFSA 2017a; EFSA 2017b; Health Canada 2013; WHO 2016). 
However, there is evidence of genotoxicity if nitrate and nitrite are co-administered with 
nitrosatable compounds (Health Canada 2013; WHO 2016).  

Health Canada (2013) and WHO (2016) concluded that nitrate and nitrite do not cause 
concern for reproductive and developmental toxicity (NTP 1990; NTP 2001; Globus and 
Samuel 1978; Shimada 1989). No information was available on dermal or inhalation 
toxicity of nitrate or nitrite (Health Canada 2013; ATSDR 2017).  

8.4.2 Exposure assessment 

Four substances (sodium nitrate, nitric acid, potassium nitrate and calcium nitrate) are 
assessed on the basis of the nitrate ion and the fifth substance (sodium nitrite) is 
assessed on the basis of the nitrite ion. The cations of these 5 substances are not 
expected to play a role in their overall health effects; and therefore, the assessment is 
focused on the nitrate and nitrite anions.  

Environmental media and food 

Nitrate and nitrite are both ubiquitously present in the environment. Nitrite is less 
common due to its instability at environmentally relevant conditions. Nitrate is produced 
by oxidation of nitrogen by microorganisms in plants, soil and water. Nitrate and nitrite 
are also present as a result of anthropogenic sources such as agricultural runoff, 
wastewater treatment, and discharges from industrial processes (Health Canada 2013).  

Food 

Nitrate and nitrite occur naturally in a wide variety of foods; vegetables are cited as the 
main source of dietary nitrate due to their potential to accumulate nitrate (Gangolli 1994; 
EFSA 2017b). Green leafy vegetables contain notably high levels of nitrate, though wide 
variations in nitrate levels have been found depending on the type of vegetable, its 
source, and conditions of transport, storage and processing (EFSA 2017b). Nitrite is 
present in vegetables and other foods in lower amounts than nitrate; however, 
endogenous conversion via metabolism of dietary nitrate is a significant source of nitrite 
in humans (EFSA 2008). Based on the secretion rates of nitrate (20–25%) into the 
saliva and the range of nitrate to nitrite conversion rates in the mouth (5–36%), the 
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EFSA estimated the range for the overall conversion of dietary nitrate to nitrite to be 
between 1 and 9% (EFSA 2017b).  

Potassium and sodium salts of nitrate and nitrite are food additives permitted for use as 
preservatives in a variety of foods as prescribed in the List of Permitted Preservatives, 
incorporated by reference into its respective Marketing Authorization issued under the 
Food and Drugs Act (personal communication, email from the Food Directorate, Health 
Canada to the Existing Substances Risk Assessment Bureau, Health Canada, dated 24 
March 2019; unreferenced). The addition of a minimum of 100 ppm of nitrate or nitrite is 
required in ‘cured’ foods sold in Canada (CFIA [modified 2018]).  

Canadian dietary exposure to nitrate and nitrite was estimated based on their natural 
occurrence in foods and based on their permitted uses as food additives. Exposure to 
nitrate and nitrite from its natural occurrence in foods was estimated by multiplying the 
consumption rate obtained from the Canadian Community Health Survey (CCHS) of 
various food groups by the amount of nitrate and nitrite measured in those foods  Most 
of the data on levels in food were from the Canadian Total Diet Study (TDS; 2000-
2001), when available (more details are available in Appendix D). Dietary exposure to 
nitrate and nitrite from their permitted food additive uses were estimated by considering 
the food categories permitted to contain these preservatives in Canada. Infants less 
than 6 months of age were not considered to consume foods that contained nitrate or 
nitrite as a permitted food additive. Mean intake estimates from the permitted food 
additive use ranged from 0.02 to 0.06 mg/kg bw/day for nitrate, and from 0.01 to 0.05 
mg/kg bw/day for nitrite (Appendix D, Table D-1, Table D-2). The endogenous 
conversion of nitrate to nitrite in the body also contributed significantly to the total 
exposure of nitrite. The portion of nitrite that comes from the conversion of dietary 
nitrate was calculated by assuming a nitrate to nitrite conversion in saliva of 9% (upper 
end of the range estimated by EFSA). This was added to the estimate of direct dietary 
exposure to nitrite, to estimate the total nitrite dietary exposure.  

Drinking Water  

The most common sources of nitrate and nitrite in water are both natural and 
anthropogenic, including agricultural activities, wastewater treatment, industrial releases 
and contamination with animal / human waste. Nitrate and nitrite concentrations from 
Canadian drinking water treatment plants were measured in a national survey from 
2009 to 2010; 130 treated and raw water samples were analyzed. Nitrate was detected 
in 42% of treated drinking water samples, with an average of 3.8 mg/L and a maximum 
of 20 mg/L. Nitrite was detected in only 7% of treated drinking water samples, with an 
average of 0.05 mg/L and a maximum of 0.3 mg/L. Generally, nitrate concentrations in 
well water are higher than in surface water supplies due to the minimal plant uptake and 
the lack of organic carbon needed for denitrification (Health Canada 2013). Individual 
studies and monitoring programs have measured nitrate concentrations in well water 
across Canada (Health Canada 2013). In Manitoba, 12.5% of raw well water samples 
exceeded the MAC (from 2002-2008) compared with 1.2% of surface water samples; 
however, none of the samples exceeded the MAC in later years (from 2009-2011). In 
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British Columbia 60% of well water samples from the Fraser Valley exceeded the MAC 
in a 1972 study (Health Canada 2013). In a more recent 2005 study from British 
Columbia, only 10 of 25 wells contained nitrate above the MAC (Health Canada 2013). 
Shallow wells and wells in agricultural areas are particularly susceptible to nitrate 
contamination (Health Canada 2013). Data from the remaining provinces and territories 
collected from 2000 to 2009 indicate that nitrate was not detected at levels above 3.2 
mg/L (Health Canada 2013). Given that nitrate concentrations in well water exceeded 
the MAC in only a few provinces, and that concentrations have been declining in recent 
studies, the average concentrations across Canada of nitrate and nitrite in treated 
drinking water samples were used to determine the daily intake estimates for the 
general population. Intake estimates ranged from 67 µg/kg bw/day to 319 µg/kg bw/day 
for nitrate and from 1 µg/kg bw/day to 4 µg/kg bw/day for nitrite (Table D-4 and Table D-
5, Appendix D). Intake was highest in the 6- to 11-month old age groups and lowest in 
adults (19 years and older). 

Soil and dust 

Nitrate and nitrite in soil are a nitrogen-containing source of food for plants and 
microorganisms. Measurements of nitrate in soil were not available; however, residual 
levels of nitrogen in agricultural lands were estimated from 1981 to 2006, every 5 years, 
based on nitrogen input and output (Drury et al. 2011). Amounts ranged from 2.8 kg 
N/ha to 63.3 kg N/ha across different ecozones in Canada, while the net Canadian 
residual nitrogen levels increased from 9.3 kg N/ha in 1981 up to 25 kg N/ha in 2001 
and decreased slightly to 17.8 kg N/ha in 2006. After harvest, most of the residual 
nitrogen is in the form of nitrate, with some ammonia and trace amounts of nitrite (Drury 
et al. 2011). It was conservatively assumed that potentially all of the nitrogen in soil 
could be in the form of nitrate and a nitrate concentration of 35 mg/kg was derived 
based on the residual levels of nitrogen (see Table D-3, Appendix D). Measurements of 
nitrate in dust were not available; therefore, the estimated concentration of nitrate in soil 
was used as a surrogate for dust concentration.  

Combined intake of nitrate from soil and dust using the estimated concentration of 35 
mg/kg resulted in estimates of exposure ranging from 0.002 µg/kg bw/day to 0.14 µg/kg 
bw/day across all age groups (Table D-4, Appendix D). Estimates were highest in the 1-
year old age group and lowest in adults. Toddlers and young children typically have 
higher intake estimates due to hand-mouth contact and accidental ingestion of soil 
and/or dust. This is considered to be a conservative estimate because it is assuming 
100% of residual nitrogen is present as nitrate, and agricultural lands are not likely to be 
the main source of exposure to the general population. In addition, agricultural lands 
received added nitrogen each year in the form of fertilizer and therefore the estimated 
concentration from these lands will be higher than the natural background occurrence. 
Given that only trace amounts of residual nitrogen would be in the form of nitrite, intake 
of nitrite from soil or dust is expected to be minimal.  

Air 
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Nitrogen-containing compounds are present in the air primarily due to anthropogenic 
releases. Atmospheric nitrate may undergo deposition onto surface water or may 
deposit on land, where it migrates into surface water (Health Canada 2013). Annual 
releases to air of some nitrogen-containing compounds (nitrate ion, sodium nitrite and 
nitric acid) ranged from <1 tonne to 21 tonnes (ECCC, HC 2021). Levels of nitrate in air 
are generally below 1 µg/m3, as measured across Canada, the Netherlands and a 
network of Pacific islands. The average annual air concentration measured in 50 
locations across Canada was 0.88 µg/m3 (Health Canada 2013). Measurements of 
atmospheric nitrate in the U.S. are similar with an average concentration of less than 1 
µg/m3 (CASTNET [modified 2016]). The average annual air concentration of 0.88 µg/m3 
was used to estimate Canadians’ exposure to nitrate from air. Exposure to nitrate from 
air ranged from 0.18 µg/kg bw/day to 0.64 µg/kg bw/day and was highest in the 1-year 
old age group and lowest in adults (19+) (Table D-4, Appendix D). Measurements of 
nitrite in air were not available.  

Overall 

Combined intake of nitrate and nitrite from food and environmental media (soil, dust, air, 
and drinking water) for the general population aged 6 months and older ranged from 0.1 
mg/kg bw/day to 0.35 mg/kg bw/day for nitrate and from 0.01 mg/kg bw/day to 0.05 
mg/kg bw/day for nitrite. The highest exposed age group was the 6 to 11 months old 
infants for nitrate and 2 to 3 year olds for nitrite (Appendix D, Table D-4, Table D-5). 

Naturally occurring background concentrations of nitrate and nitrite in food contribute 
over 92% of total daily intake from environmental media and food in Canadians over 6 
months of age and over 97% in Canadians over 1 year. The contribution from use of 
nitrate and nitrite as a permitted food additive was less than 2% of total intake from food 
for the general population age 6 months and older, thus use as permitted food additives 
is considered to be minor in comparison to the natural presence of these substances in 
foods. The endogenous conversion of nitrate to nitrite in the body also contributed 
significantly to the total exposure of nitrite. In comparison to intake of nitrite from food 
and drinking water, intake from other environmental media (soil, dust, air, and drinking 
water) contributed very little to total daily nitrite intake (less than 1% for all age groups).  

It is known that dietary nitrate and nitrite can lead to the formation of potentially 
carcinogenic N-nitroso compounds, such as N-nitrosamines and N-nitrosamides, 
through reactions with available amines in foods under very specific conditions. 
Nitrosamine formation can be increased by the application of heat to meat products 
containing nitrates and nitrites. An increase in nitrosamines has been observed in meat 
products containing nitrite heated above 130°C, such as in bacon cooked by frying 
(Honikel 2008). Possible endogenous formation of N-nitroso compounds has also been 
proposed to occur in humans after consuming nitrate (Vermeer et al. 1998). The nitrite 
to N-nitroso conversion is very complex and depends on many factors such as the 
nitrite concentration, the amount and chemical nature of secondary amines present, the 
acidity of environment, cooking temperature and time. Due to the specific conditions 
required for the nitrite to N-nitroso conversion many of these factors are mitigating 



Draft Screening Assessment - Acids and Bases  Last updated 2020-01-08 

46 

factors that combine to limit the formation of N-nitroso compounds. Further, the range of 
available amines in foods results in potential formation of a variety of N-nitroso 
compounds, which exhibit widely varying carcinogenic potentials and not all of them 
share the same toxicological properties (EFSA 2017a). Certain food additive 
preservatives, such as ascorbic acid and erythorbic acid,15 are permitted in Canada to 
be used in conjunction with nitrate and nitrite salts, to help prevent the reactions of 
nitrites that lead to the generation of nitrosamines. Ascorbate has been shown to 
compete with foodborne amines to react with available nitrite (Mirvish 1972) and both 
ascorbate and erythorbate effectively reduce the formation of N-nitroso compounds 
(Rywotycki 2002; Herrmann 2015; EFSA 2017a). The EFSA has also concluded that 
when nitrate is consumed as part of a normal diet containing vegetables, other bioactive 
substances that are also consumed, such as vitamin C (ascorbic acid), can reduce the 
amount of nitrosamine formation by up to half (EFSA 2008).  

Products available to consumers 

Exposure to nitrate and nitrite from the use of products available to consumers can 
occur through the oral, inhalation or dermal routes; uptake into systemic circulation via 
the dermal route is heavily dependent on the pH of the product formulation. 

A study using pH-neutral and acidified nitrite-releasing liniments on human skin biopsies 
demonstrated that dermal absorption of nitrite is dependent on the pH of the product or 
formulation being applied on the skin (Opländer et al. 2012). Dermal application of 
acidified nitrite-containing liniments (pH 5.5) resulted in transepidermal penetration of 
nitrite through skin grafts, whereas pH-neutral nitrite-containing liniments did not 
(Opländer et al. 2012). A possible explanation for these results is that acidified products 
containing nitrite result in the protonation of nitrite to nitrous acid (pKa 3.37). Nitrous 
acid can readily penetrate the dermal barrier and enter systemic circulation because it is 
uncharged, unlike nitrite. Within neutral or basic products nitrite is unprotonated and 
negatively charged, which does not lend to dermal absorption. This concept is likely 
applicable to nitrate, which is also negatively charged at neutral or basic pH. However, 
the pH of the nitrate-containing product would need to be significantly more acidic to 
allow for dermal absorption (pKa -1.4). Many products that may result in incidental 
dermal exposure, such as paints, cleaning products, auto care products, are neutral or 
slightly basic; therefore, no systemic exposure is expected via dermal exposure to these 
products containing nitrate or nitrite. For products where the pH of the formulation is 
unknown or the skin membrane may be disrupted, a dermal exposure estimate has 
been derived. This assumes that dermal penetration may be possible in a slightly acidic 
formulation (pH ~3 or less) or where the skin membrane is disrupted. 

                                            

15 In Canada, ascorbic acid, calcium ascorbate, sodium ascorbate, erythorbic acid (iso-ascorbic acid), and 
sodium erythorbate (sodium iso-ascorbate) are permitted to be used as preservatives at a level consistent 
with Good Manufacturing  practices in the same preserved meats and preserved meat by-products as 
nitrate and nitrite. See the List of Permitted Preservatives. 

https://www.canada.ca/en/health-canada/services/food-nutrition/food-safety/food-additives/lists-permitted/11-preservatives.html
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Nitrate and nitrite are found in products available to consumers such as cosmetics, 
cleaning products and NHPs. For the purpose of this screening assessment, products 
that resulted in the highest levels of exposure were selected as sentinel scenarios and 
are considered to be representative of typical products that could result in direct 
exposure to nitrate and nitrite.  

According to notifications submitted under the Cosmetic Regulations to Health Canada, 
sodium nitrate and potassium nitrate are found in a number of cosmetics including bath 
products, shampoo/conditioners, hair products, makeup, non-fluorinated toothpaste, 
teeth whitener, mouth wash, moisturizers and massage products (personal 
communication, email from the Consumer and Hazardous Products Safety Directorate, 
Health Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, 
dated April 17, 2018; unreferenced). Products with the potential for oral exposure to 
nitrate (i.e., toothpaste, teeth whitener, and mouthwash) range in concentration from 0.2 
up to 4.4% nitrate. Oral exposure to nitrate from toothpaste was selected as the sentinel 
scenario and results in a daily intake ranging from 0.1 mg/kg bw/day in adults to 1.5 
mg/kg bw/day in toddlers (2 to 3 years old). The estimates are presented in Table 8-4 
and are expected to cover exposure from other cosmetics that may result in oral 
exposure (e.g., teeth whitener, mouthwash).  

Nitrate is present as a non-medicinal ingredient in a number of topical, ophthalmic, 
dental and oral NHPs as potassium nitrate, sodium nitrate or nitric acid (LNHPD 
[modified 2021]). Exposure to nitrate-containing NHPs taken orally was estimated; 
nitrate present in NHPs as a non-medicinal ingredient may be as a colour additive or as 
an antimicrobial preservative. A scenario was derived using an oral NHP for 
cardiovascular health, which is limited to 12 weeks use. Based on the product label, it is 
assumed that an adult may take this product twice daily for up to 12 weeks (contains 
130 mg of nitrate per capsule). A second scenario was derived for products containing 
nitrate with no duration restrictions. An oral NHP intended to help maintain a healthy 
blood pressure was selected for the chronic scenario. According to label instructions, it 
is assumed an adult may take this product up to 6 times daily with no duration 
restrictions (contains 30 mg nitrate per capsule). Intake estimates from use of oral 
NHPs are presented below (Table 8-4). An acute dermal scenario was also derived for 
exposure to nitrate from use of a caustic wand for wart removal. In this scenario, dermal 
penetration may be possible due to the function of the product (cauterisation of the skin 
or removal of granulation tissue or warts), which disrupts the skin membrane and may 
result in systemic exposure. In order to activate the product, the wand is moistened with 
water and then applied to the skin. It is estimated that the volume of water used on the 
tip of the applicator is similar to the volume of water produced from an eye drop bottle 
(0.0634 mL per drop) (German et al. 1999). The estimated exposure amount is 9.7 mg 
of nitrate per application. Intake estimates normalized via body weight for infants and 
adults are presented in a range below (Table 8-4).  

Nitrite is present as a non-medicinal ingredient in oral NHPs as sodium nitrite (LNHPD 
[modified 2021]); however, no concentrations were available. 
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Nitrite is also found in disinfectant products as a non-medicinal ingredient at a maximum 
concentration of 0.379% (personal communication, email from the Therapeutic Products 
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, 
Health Canada, dated January 15, 2019; unreferenced). Inhalation exposure to nitrite 
was estimated using ConsExpo modeling program (ConsExpo Web [modified 2019]). 
The ‘exposure to spray: spraying’ model was used to estimate exposure to spray 
droplets during application of the product. It is assumed that the user sprays a kitchen 
counter and remains in the area for one hour. The resulting exposure estimates are 
shown in Table 8-4.  

Table 8-4. Estimated exposures to nitrate and nitrite from the use of products 
available to consumers 

Substance 
Product scenario 
(duration) 

Age group 
Route of 
exposure 

Systemic 
exposure  
(mg/kg bwa) 

Nitrate  Toothpaste (chronic) 
Child (2 to 3 
year old) 

Oral 1.5 

Nitrate 
Short-term oral NHP 
(per event)  

Adult (19+) Oral  3.5 

Nitrate 
Long-term oral NHP 
(chronic) 

Adult (19+) Oral 2.5 

Nitrate 
Caustic applicator 
(per event)b 

Adult (19+); 
infant (0 to 5 
months) 

Dermal 
(broken 
skin) 

0.13 to 1.54 

Nitrite 
Cleaning kitchen 
counters (chronic) 

Adult (19+) Inhalation 0.000096 

a Exposure for “daily” scenarios is estimated on a mg/kg bw/day basis; exposure for “per event” scenarios is estimated on a mg/kg 
bw/event basis. 

b As this product might damage the protective layer of the skin, absorption by the dermal route was assumed to be 100%. 

Other products available to consumers that contain nitrite include degreasers, vinyl 
cleaners, paint/primers, leak sealant, engine coolant and tire cleaning products. 
Systemic exposure is not expected from the use of these products due to the lack of 
dermal penetration and because nitrite is non-volatile. 

8.4.3 Characterization of risk to human health 

Nitrate and nitrite have been assessed by EFSA (2017a, 2017b). The EFSA based their 
ADIs on the results from a 14-week repeated-dose drinking water study in rats (NTP 
2001). The ADIs derived from this study, based on an increase in methaemoglobin, 
were 0.07 mg/kg bw/day for nitrite and 3.7 mg/kg bw/day for nitrate. The ADIs are more 
conservative than the drinking water MACs for nitrate and nitrite derived by Health 
Canada (2013) based on a lack of adverse health effects in human studies at levels of 
5.9 mg/kg bw/day. Since the Health Canada MAC (Health Canada 2013) is specifically 
protective of the most sensitive population of bottle-fed infants, the ADIs derived by 
EFSA are also considered by Health Canada to be protective of this population. 
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Therefore, while conservative in nature, the ADIs of 0.07 mg/kg bw/day for nitrite and 
3.7 mg/kg bw/day for nitrate were selected for risk characterization of nitrate and nitrite.  

Exposure to nitrate and nitrite from environmental media is comprised almost entirely 
from its natural presence in food and drinking water, more than 99% of total intake. 
Drinking water concentrations in treated water were found to be below the MAC for both 
nitrate and nitrite, though concentrations may be higher in homes on well water. Health 
Canada recommends that homeowners with a well to test their water for concentrations 
of nitrate and nitrite (Health Canada 2013). In all age groups above 6 months of age, 
food comprised more than 92% of total intake. Though nitrate and nitrite are both added 
to foods as a permitted food additive, this use contributes less than 2% to total intake 
from dietary sources. The natural presence of nitrate and nitrite in food is a much more 
significant contributor to total intake.  

Comparison with the ADIs was not considered appropriate for natural occurrence in 
food due to a number of factors. The nitrate and nitrite content in vegetables varies 
significantly and when combined with the recommendation of a varied diet consisting of 
many different foods16 these factors together help to mitigate the probability of excess 
exposure to nitrate and nitrite. Additionally, the concentration of nitrate naturally present 
or added to foods will decrease over time due to the activity of nitrate-reducing bacteria 
or as a result of chemical instability and reactivity. Cooking vegetables, for example, has 
been shown to significantly reduce the levels of both nitrate and nitrite (EFSA 2008; 
EFSA 2017b). While the level of nitrite in foods is increased by conversion from nitrate, 
the levels present in foods also decrease over time as nitrite is consumed through 
reactions with various components of food such as myoglobin, ascorbate and amino 
acids (Sen and Baddoo 1997). Estimated intake from the permitted food additive use is 
less than intake from natural occurrence and is also less than the ADIs derived by 
EFSA (2017a, 2017b) and the MAC derived by Health Canada (2013).  

Exposure to nitrate from environmental media (air, dust, soil, and drinking water) and 
use as a permitted food additive is much lower than background levels in food, ranging 
from less than 0.001 mg/kg bw/day to 0.35 mg/kg bw/day. When excluding exposure 
from natural occurrence in food, exposure to nitrite is expected to be primarily from its 
permitted food additive uses and drinking water. Intake from air, soil and dust is 
considered to be minimal. The points of departure selected for risk characterization are 
ADIs, which take into account safety factors. Risk is determined by whether or not the 
exposure values exceed the ADIs. Exposure to nitrate or nitrite from its permitted food 
additive uses and environmental media do not exceed the ADIs (Table 8-6). Exposure 
can also occur from products available to consumers. The sentinel scenarios presented 

                                            

16 Canada’s Food Guide recommends consuming a variety of vegetables each day as part of a varied 
diet. 

https://food-guide.canada.ca/en/
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in section 8.2 include exposure from toothpaste, oral and dermal NHPs and spray 
disinfectants.  

Table 8-5. Relevant exposure and hazard values for nitrate and nitrite for 
determination of risk  

The exposure estimates for the sentinel scenarios do not exceed the ADIs for nitrate or 
nitrite and therefore are considered to be of low concern to human health at current 
levels of exposure. 

Formation of N-nitroso compounds 

Based on the results of the EFSA (2017a, 2017b) and Health Canada (2013) 
assessments, the various mitigating factors that limit N-nitroso formation and the 
consideration that a range of N-nitroso compounds could potentially be generated, with 
only some having known carcinogenicity, it is concluded that the formation of N-nitroso 
compounds from the conversion of nitrate and nitrite in foods from their use as 
permitted food additives represents a low concern for human health. This is supported 
by data from the Canadian Total Diet Study (Health Canada 2017) which show that 

Substance 
Exposure 
scenario 
(duration) 

Systemic 
exposure 

(mg/kg 
bw/day) 

Critical health 
effect endpoint 

Acceptable 
daily intake 

(mg/kg 
bw/day) 

Exceedan
ce (Y/N) 

Nitrate 

Exposure from 
food additive 
use, air, soil, dust 
and drinking 
water (chronic) 

0.35 
Increase in 
methaemoglobin 
levels from nitrite 

3.7 No 

Nitrate 
Oral exposure 
via toothpaste 
(chronic) 

1.5 
Increase in 
methaemoglobin 
levels from nitrite 

3.7 No  

Nitrate 
Oral exposure 
via NHPs (per 
event to chronic) 

2.5 to 3.5  
Increase in 
methaemoglobin 
levels from nitrite 

3.7 No 

Nitrate 

Dermal exposure 
to caustic 
applicator (per 
event) 

0.13 to 
1.54 

Increase in 
methaemoglobin 
levels from nitrite 

3.7 No 

Nitrite 

Exposure from 
food additive use 
and drinking 
water (chronic) 

0.052 
Increase in 
methaemoglobin 
levels  

0.07 No 

Nitrite 

Inhalation 
exposure via 
cleaning kitchen 
counter (chronic) 

0.0000096 
Increase in 
methaemoglobin 
levels  

0.07 No 
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concentrations of nitrosamines in foods prepared as consumed, and hence dietary 
exposure, are low. 

 Uncertainties 

 Uncertainties in evaluation of ecological risk 

There are various limitations regarding the information from CEPA section 71 surveys 
and NPRI data used in this screening assessment. Survey data for 15 out of the 22 
substances in the Acids and Bases Group were available. In the absence of measured 
environmental concentrations, assumptions are made in order to examine potential 
environmental release, including obtaining data from other sources such as CBSA, 
CIMT and Hazardous Substances Data Bank. Similarly, there are 2012-2016 NPRI data 
for only six of 16 substances in the group, and thus the magnitude, frequency and 
sources of releases for the other substances are more uncertain. . Although spills and 
accidental releases may cause adverse ecological effects in the immediate and 
surrounding environment, these types of releases were not considered in the 
assessment given their likely low frequency. In addition, some of the substances (i.e., 
nitric acid, chlorine, chlorine dioxide, and sodium chlorate) are subject to the 
Environmental Emergency Regulations (Canada 2019), which aim to reduce the 
frequency and severity of accidental releases of hazardous substances into the 
environment. 

Environmental fate and behaviour and ecotoxicity data were limited for 
hydroxylammonium chloride, sodium bisulfite, diphosphorus pentoxide, and phosphoric 
acid. When available and necessary, a read-across process was implemented using 
analogue substances to identify missing information.  

The ecological effects assessment of the substances in the Acids and Bases Group was 
limited to their direct toxicological effects. While some substances in the group are 
nutrients that can stimulate biomass growth in aquatic ecosystems (e.g., phosphates 
and nitrates), eutrophication and its associated secondary ecological effects (e.g., 
oxygen depletion) are not in the scope of this assessment. Releases of these 
substances to the environment may be relevant to evaluations of eutrophication in the 
Canadian environment, as documented previously by Chambers et al. (2001).  

 Uncertainties in evaluation of risk to human health  

The key sources of uncertainty are presented in the table below. 

Table 9-1. Sources of uncertainty in the risk characterization  

Key source of uncertainty Impact 

The intake of nitrate from soil and dust was determined assuming 100% 
measured nitrogen was in the form of nitrate and assuming 100% 
bioavailability  

+ 

https://toxnet.nlm.nih.gov/newtoxnet/hsdb.htm


Draft Screening Assessment - Acids and Bases  Last updated 2020-01-08 

52 

Key source of uncertainty Impact 

Lack of monitoring data or release data of sodium chlorate to air  +/- 

There are no acute, subchronic or chronic toxicity studies for inhalation 
or dermal exposure to sodium chlorate 

+/- 

There are no cancer studies available to characterize the carcinogenic 
potential of chlorine dioxide 

+/- 

+ = uncertainty with potential to cause over-estimation of exposure/risk; - = uncertainty with potential to 
cause under-estimation of exposure/risk; +/- = unknown potential to cause over or under estimation of 
risk. 

Conclusion  

Six of 22 substances in the Acids and Bases Group (hydroxylammonium chloride, 
sodium hypochlorite, sodium chlorate, calcium hypochlorite, chlorine, and chlorine 
dioxide) were previously addressed by Environment Canada under the Priority 
Substances Assessment Program; however, a conclusion for potential harm to human 
health was not determined. As these substances were not re-assessed from an 
ecological perspective, the conclusion for these six substances is limited to a conclusion 
under paragraph 64(c) of CEPA.  

Considering all available lines of evidence presented in this draft screening assessment, 
there is low risk of harm to the environment from 16 substances in the Acids and Bases 
Group. It is proposed to conclude that 16 of the substances in the Acids and Bases 
Group 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 screening assessment, it is 
proposed to conclude that the 22 substances in the Acids and Bases Group 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 16 substances in the Acids and Bases Group 
(sodium bisulfite, sodium metabisulfite, potassium hydroxide, sodium hydroxide, 
potassium silicate, sodium silicate, hydrochloric acid, sulphuric acid, potassium oxide, 
diphosphorus pentoxide, phosphoric acid, sodium nitrate, sodium nitrite, nitric acid, 
potassium nitrate, and calcium nitrate) do not meet any of the criteria set out in section 
64 of CEPA. In addition, it is proposed to conclude that the other six substances in the 
Acids and Bases Group (hydroxylammonium chloride, sodium hypochlorite, sodium 
chlorate, calcium hypochlorite, chlorine, and chlorine dioxide) do not meet the criteria 
under paragraph 64(c) of CEPA. 
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Appendix A. Substances and approaches used in this 
screening assessment 

Table A-1. List of substances and approaches used in this screening assessment 

Substance 
subgroup 

CAS RN Common name 
Ecological 
approach 

Human 
health 

approach 

Ammonia 5470-11-1a 
Hydroxylammonium 
chloride 

NAb 

Rapid 
screening of 
substances 
with limited 
general 
population 
exposure 

Free available 
chlorine, 
chlorate and 
chlorite 

7775-09-9 Sodium chlorate NAb Quantitative 

Free available 
chlorine, 
chlorate and 
chlorite 

10049-04-4 Chlorine dioxide NAb Quantitative 

Free available 
chlorine, 
chlorate and 
chlorite 

7681-52-9 Sodium hypochlorite NAb 

Low human 
health 
hazard 
potential 

Free available 
chlorine, 
chlorate and 
chlorite 

7778-54-3 Calcium hypochlorite NAb 

Low human 
health 
hazard 
potential 

Free available 
chlorine, 
chlorate and 
chlorite 

7782-50-5 Chlorine NAb Quantitative 

Sulphite 7631-90-5 Sodium bisulfite Qualitative 

Low human 
health 
hazard 
potential 

Sulphite 7681-57-4 Sodium metabisulfite Qualitative 

Low human 
health 
hazard 
potential 
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Substance 
subgroup 

CAS RN Common name 
Ecological 
approach 

Human 
health 

approach 

Hydrogen and 
hydroxide 

1310-58-3 Potassium hydroxide Qualitative 

Low human 
health 
hazard 
potential 

Hydrogen and 
hydroxide 

1310-73-2 Sodium hydroxide Qualitative 

Low human 
health 
hazard 
potential 

Hydrogen and 
hydroxide 

1312-76-1 Potassium silicate Qualitative 

Low human 
health 
hazard 
potential 

Hydrogen and 
hydroxide 

1344-09-8 Sodium silicate Qualitative 

Low human 
health 
hazard 
potential 

Hydrogen and 
hydroxide 

7647-01-0 Hydrochloric acid Qualitative 

Low human 
health 
hazard 
potential 

Hydrogen and 
hydroxide 

7664-93-9 Sulphuric acid Qualitative 

Low human 
health 
hazard 
potential 

Hydrogen and 
hydroxide 

12136-45-7 Potassium oxide Qualitative 

Low human 
health 
hazard 
potential 

Phosphate 1314-56-3 
Diphosphorus 
pentoxide 

Qualitative 

Low human 
health 
hazard 
potential 

Phosphate 7664-38-2 Phosphoric acid Qualitative 

Low human 
health 
hazard 
potential 

Nitrate and 
nitrite 

7631-99-4 Sodium nitrate Quantitative Quantitative 

Nitrate and 
nitrite 

7632-00-0 Sodium nitrite Quantitative Quantitative 

Nitrate and 
nitrite 

7697-37-2 Nitric acid Qualitative Quantitative 
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Substance 
subgroup 

CAS RN Common name 
Ecological 
approach 

Human 
health 

approach 

Nitrate and 
nitrite 

7757-79-1 Potassium nitrate Quantitative Quantitative 

Nitrate and 
nitrite 

10124-37-5 Calcium nitrate Quantitative Quantitative 

Abbreviation: NA, Not Applicable 
a Did not meet criteria under subsection 73 (1); was considered a priority of the basis of other human health 
concerns. 
b These substances are considered to have been addressed previously for ecological concerns through Priority 
Substances List assessment reports.   

The following substances were assessed using the Low Human Health Hazard Potential 
Approach (Table A-2). For eleven substances, details and studies used to support these 
decisions are available in the Science Approach Document for Substances with Low 
Human Health Hazard Potential (Health Canada [modified 2017]). For sodium and 
calcium hypochlorite, these details can be found in Appendix C. 

Table A-2. Summary of hazard findings for the 13 substances addressed using 
the Low Human Health Hazard Potential Approach 

CAS RN Common name CMRa 

Decision point 
1: 

Does the 
substance 
cause any 

health effects 
up to Limit 
Dose (1000 

mg/kg bw/day)? 

Decision point 
2: 

Does the 
substance 

cause serious 
effects between 

100 and 1000 
mg/kg bw/day? 

7681-52-9 Sodium hypochlorite No No No 

7778-54-3 Calcium hypochlorite No No No 

7631-90-5 Sodium bisulfite No No No 

7681-57-4 Sodium metabisulfite No No No 

1310-58-3 Potassium hydroxide No No No 

1310-73-2 Sodium hydroxide No No No 

1312-76-1 Potassium silicate No No No 

1344-09-8 Sodium silicate No No No 

7647-01-0 Hydrochloric acid No No No 

7664-93-9 Sulphuric acid No No No 

12136-45-7 Potassium oxide No No No 

1314-56-3 
Diphosphorus 
pentoxide 

No No No 

7664-38-2 Phosphoric acid  No No No 
Abbreviations: CMR: carcinogenic, mutagenic, or toxic to reproduction 
a Identified on the basis of classifications by other national or international agencies for carcinogenicity, genotoxicity, 
developmental toxicity or reproductive toxicity for the oral route of exposure which is considered to be most relevant 
for general population exposure 
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Appendix B. Physico-chemical properties 

Table B-1. Physico-chemical properties of the 22 substances in the Acids and 
Bases Group 

Subgroup CAS RN Common name 
(Molecular formula) 

pKa 
Water 

solubility 
(g/L) 

Vapour 
pressure 
(mmHg) 

Ammonia 5470-11-1 
Hydroxylammonium 
chloride (ClH4NO) 

N/A 340b 
2 x 10-5 

(at 20˚C)b 

Free 
available 
chlorine, 
chlorate 

and 
chlorite 

7775-09-9 
Sodium chlorate 

(NaClO3) 
N/A 

696-736 (at 
20˚C)b 

N/A 

Free 
available 
chlorine, 
chlorate 

and 
chlorite 

10049-04-4 Chlorine dioxide) N/A 
3.01 (at 
25˚C)c 

758 (at 
20˚C)c 

Free 
available 
chlorine, 
chlorate 

and 
chlorite 

7778-54-3 
Calcium hypochlorite 

(CaCl2O2) 
N/A 

210 (at 
25˚C)d 

N/A 

Free 
available 
chlorine, 
chlorate 

and 
chlorite 

7681-52-9 
Sodium hypochlorite 

(NaClO) 
N/A 293 (at 0˚C)e 

13-15 (at 
20˚C)m 

Free 
available 
chlorine, 
chlorate 

and 
chlorite 

7782-50-5 Chlorine (Cl2) N/A 
9.78 (at 
10˚C)b 

5 085 (at 
20˚C)b 

Sulphite 7681-57-4 
Sodium metabisulfite 

(Na2O5S2) 
N/A 

667 (at 
25˚C)b 

N/A 

Sulphite 7631-90-5 
Sodium bisulfite 

(HNaO3S) 
N/A 

724 (at 
20˚C)b 

N/A 
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Subgroup CAS RN Common name 
(Molecular formula) 

pKa 
Water 

solubility 
(g/L) 

Vapour 
pressure 
(mmHg) 

Hydrogen 
and 

hydroxide 
7664-93-9 Sulphuric acid (H2SO4) 

-2a 
(pKa1); 
1.92a 
(pKa2) 

Misciblef 
5 x 10-5 

(at 25˚C)f 

Hydrogen 
and 

hydroxide 
7647-01-0 Hydrochloric acid (HCl) -7a 724.7 (at 

20˚C)b 
34 652 

(at 25˚C)b 

Hydrogen 
and 

hydroxide 
1310-58-3 

Potassium hydroxide 
(KOH) 

Strong 
base 
(~14) 

1 000 (at 
25˚C)b 

N/A 

Hydrogen 
and 

hydroxide 
1310-73-2 

Sodium hydroxide 
(NaOH) 

Strong 
base 
(~14) 

1 000 (at 
25˚C)b 

N/A 

Hydrogen 
and 

hydroxide 
12136-45-7 Potassium oxide (K2O) 

Strong 
base 
(~14) 

1 000 (at 
25˚C)b 

N/A 

Hydrogen 
and 

hydroxide 
1312-76-1 

Potassium silicate 
(HKO3Si) 

9.9-12 
(at 

30˚C)b 

Slightly 
solubleg; 
dissolves 

slowly 
(anhydrous 

solid)b; 
dissolves 

readily 
(spray-dried 
solutions)b; 

miscible 
(solutions)b; 

336 (at 
25˚C)n 

N/A 

Hydrogen 
and 

hydroxide 
1344-09-8 

Sodium silicate 
(HNaO3Si) 

9.9-12 
(at 

30˚C)b 

Slightly 
solubleg; 
dissolves 

slowly 
(anhydrous 

solid)b; 
dissolves 

readily 
(spray-dried 
solutions)b; 

miscible 
(solutions)b 

N/A 
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Subgroup CAS RN Common name 
(Molecular formula) 

pKa 
Water 

solubility 
(g/L) 

Vapour 
pressure 
(mmHg) 

Phosphate 7664-38-2 Phosphoric acid (H3PO4) 

2.12a 
(pKa1); 
7.21a 

(pKa2); 
12.67a 

(pKa3); 

1 000 (at 
20˚C)b 

0.03 (at 
20˚C)b 

Phosphate 1314-56-3 
diphosphorus oxide 

(P2O5) 
N/A 

Reacts with 
water to form 
phosphoric 

acidi 

N/A 

Nitrate and 
nitrite 

7632-00-0 Sodium nitrite (NaNO2) N/A 848 (at 25˚C)j N/A 

Nitrate and 
nitrite 

7757-79-1 Potassium nitrate (KNO3) N/A 
383 (at 
25˚C)k 

N/A 

Nitrate and 
nitrite 

7697-37-2 Nitric acid (HNO3) 
-1.38-

0b 

>500 (at 
20˚C)b 

47 (at 
20˚C)b 

Nitrate and 
nitrite 

7631-99-4 Sodium nitrate (NaNO3) N/A 912 (at 25˚C)l N/A 

Nitrate and 
nitrite 

10124-37-5 
Calcium nitrate 

(Ca(NO3)2) 
N/A >100b N/A 

Abbreviations: N/A, Not Available. 
a Atkins (1978). b ECHA (2007- ). c HSDB (1983c- ). d HSDB (1983d- ). e HSDB (1983e- ). f HSDB (1983f- ). g HSDB 
(1983g- ). h HSDB (1983h- ). i HSDB (1983i- ). j HSDB (1983j- ). k HSDB (1983k- ). l HSDB (1983l- ). m EU (2007b). n 
U.S. EPA (2007). 

Appendix C. Results of the Low Human Health Hazard 
Potential Approach for sodium hypochlorite and calcium 
hypochlorite 

Oral intake for the general Canadian population is expected to be the primary route of 
exposure to hypochlorous acid, sodium salt (CAS RN 7681-52-9) and hypochlorous 
acid, calcium salt (CAS RN 7778-54-3). Sodium and calcium salts of hypochlorous acid 
are evaluated as a group because both substances dissociate into hypochlorous acid in 
water. Hypochlorous acid cannot be tested up to a limit dose of 1000 mg/kg bw/day due 
to taste aversion at high concentrations in drinking water. Health Canada’s drinking 
water quality program did not consider it necessary to establish a guideline for chlorine 
in drinking water, based on its low toxicity at concentrations found in drinking water as a 
result of treatment (Health Canada 2009). Based on available information and 
conclusions from international organizations, hypochlorous acid is negative for 
carcinogenicity, mutagenicity and reproductive/developmental toxicity. In repeated-
dosing studies, there were no serious effects up to 14.4 mg/kg bw/day (NTP 1992). 
Therefore, hypochlorous acid is considered to be of low concern for human health 
according to the hazard-based approach (Health Canada 2009; NTP 1992). 
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Table C-1. Hazard summary for sodium hypochlorite (CAS RN 7681-52-9) and 
calcium hypochlorite (CAS RN 7778-54-3) 

Primary route of exposure Oral 

Grouping rationale 

Sodium hypochlorite and calcium hypochlorite are 
evaluated as a group because both substances 
generate hypochlorous acid in water (Health Canada 
2009). 

Carcinogenicity 

Negative. 
 
Health Canada (2009) classified chlorine, in the form 
of hypochlorite ion or hypochlorous acid, as unlikely 
to be carcinogenic to humans. 

Mutagenicity  

Both positive and negative results have been 
reported in mutagenicity assays (EU 2007b; Health 
Canada 2009). Health Canada (2009) concluded that 
the results of the mutagenicity tests indicate that 
sodium hypochlorite is not considered to be 
genotoxic.  

Reproductive and 
developmental toxicity 

Negative. 

There is no evidence to suggest that sodium 
hypochlorite would present adverse effects on 
development or fertility (Health Canada 2009). 

Repeated-dose toxicity 

No systemic effects observed up to 14.4 mg/kg 
bw/day via the oral route of administration in a two-
year repeated-dose study in rats (NTP 1992). 
Decreases in body weight following treatment with 
the highest doses tested were attributed to 
secondary effect linked with low water consumption, 
most likely due to aversion to the taste of high levels 
of hypochlorous acid in drinking water (Health 
Canada 2009). 

 

Appendix D. Intake estimates from environmental media and 
food for nitrate and nitrite subgroup 

For each food and beverage category for which data were reported in the TDS (2000-
2001), the highest concentration was conservatively applied to represent the entire 
category. In the absence of available Canadian data, the nitrate and nitrite 
concentrations in food reported in assessments by EFSA (EFSA 2008, EFSA 2017a, 
EFSA 2017b), the GEMS/Food Database (WHO 2019), or submitted by the U.S. to the 
Codex Committee on Food Additives of the Codex Alimentarius Commission were 
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considered. In these instances, for each food and beverage category, the highest 
concentration reported by the U.S. was employed when available, or when not, the 95th 
percentile concentration reported by EFSA, or in the GEMS/Food database was 
conservatively applied to represent the entire food category. 

Food consumption was based on individual one-day “all-persons” food intakes reported 
by respondents to the 2004 Canadian Community Health Survey (CCHS) for 6 to 11 
month-olds17 and the 2015 CCHS for all other age groups (Statistics Canada 2004 and 
2015). No infant respondents in the CCHS were reported to consume foods permitted to 
contain nitrate or nitrite salts as food additives. 

Table D-1. Mean and 90th percentile dietary exposure estimates to nitrate 

Age group 
(males 
and 
females) 

Mean 
dietary 
exposure 
from all 
sources 
(mg/kg 
bw/day) 

90th 
Percentile 
dietary 
exposure 
from all 
sources 
(mg/kg 
bw/day) 

Mean 
dietary 
exposure  
from food 
additive 
use (mg/kg 
bw/day) 

90th 
Percentile 
dietary 
exposure  
from food 
additive use 
(mg/kg 
bw/day) 

Food 
additive 
contribution 
to mean 
exposure 
from all 
sources (%) 

0 to <6 
months, 
breast milk 
fed 

0.79 0.94 0.00 0.00 0 

0 to <6 
months, 
formula fed 

0.79 1.24 0.00 0.00 0 

6 months 
to 1 year 

4.08 11.23 0.03 0.04 0.65 

1 to 3 
years 

7.63 15.15 0.06 0.12 0.81 

4 to 8 
years 

6.49 16.76 0.06 0.15 0.90 

9 to 13 
years 

3.90 9.60 0.04 0.11 0.96 

14 to 18 
years 

2.97 7.33 0.02 0.07 0.82 

19 + years 3.46 8.88 0.02 0.04 0.48 
. 

Table D-2. Mean and 90th percentile dietary exposure estimates to nitrite 

                                            

17 The 2015 CCHS did not include children under 1 year of age.  
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Age group 
(males 
and 
females) 

Mean 
dietary 
exposure 
from all 
sources 
(mg/kg 
bw/day) 

90th 
Percentile 
dietary 
exposure 
from all 
sources 
(mg/kg 
bw/day) 

Mean 
dietary 
exposure  
from food 
additive 
use (mg/kg 
bw/day) 

90th 
Percentile 
dietary 
exposure  
from food 
additive use 
(mg/kg 
bw/day) 

Food 
additive 
contribution 
to mean 
exposure 
from all 
sources (%) 

0 to <6 
months, 
breast fed 

0.02 0.24 0.00 0.00 0.0 

0 to <6 
months, 
formula fed 

0.34 0.53 0.00 0.00 0.00 

6 months 
to 1 year 

1.27 3.90 0.02 0.05 1.73 

1 to 3 
years 

4.69 12.64 0.05 0.12 1.11 

4 to 8 
years 

4.34 11.83 0.04 0.11 0.95 

9 to 13 
years 

2.47 6.47 0.03 0.07 1.07 

14 to 18 
years 

1.83 4.70 0.02 0.05 1.01 

19 + years 2.32 5.96 0.01 0.03 0.52 

Table D-3. Derivation of estimated NO3 soil concentrations from residual nitrogen 
levels in agricultural soil 

Residual 
nitrogen 
levels (kg 
N/ha)a 

Density 
(g/cm3) 

Furrow 
slice 
(cm) 

Residual 
nitrogen 
concentration 
(mg N/kg) 

Molecular 
weight 
conversion  

Estimated NO3 
concentration 
in soil (mg/kg)b 

17.8 1.5 15 7.9 62.0049
𝑔

𝑚𝑜𝑙
𝑁𝑂3

14
𝑔

𝑚𝑜𝑙
𝑁

 

35.037 

a Residual nitrogen levels from Drury et al. (2011).  
b Concentration was estimated using the following equation: residual nitrogen levels (kg N/ha) * ha/10 000 m2 * m2/10 
000 cm2 * density (g/cm3) * furrow slice (cm) * 1 000 000 mg/kg *1 000 g/kg * molecular weight conversion.  

Table D-4. Estimates of daily intake of nitrate from environmental media and food 
(μg/kg bw/day) 
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Age groups 
Food 

additive 
usea 

Airb 
Drinking 
waterc 

Soil and 
dustd,e 

Combined 
intakef 

0 to 5 monthsg 

(breast milk-fedh) 
0 0.52 NA 0.12 0.64 

0 to 5 months 
(formula fedi) 

0 0.52 NA 0.12 0.64 

6 to 11 monthsj 30 0.52 319 0.13 350 

1 yeark 60 0.64 124 0.14 185 

2 to 3 yearsl 60 0.54 109 0.06 170 

4 to 8 yearsm 60 0.43 88 0.05 148 

9 to 13 yearsn 40 0.29 67 0.03 107 

14 to 18 yearso 20 0.23 67 0.002 87 

19+ yearsp 20 0.18 79 0.002 99 
Abbreviations: NA, not applicable 
a  Intake is equal to the mean dietary exposure from food additive use for all age groups from Table D-1. 
b Intake was estimated using a concentration of 0.88 µg/m3 in ambient air (Health Canada 2013). Ambient air was 

assumed to be representative of exposure to indoor air since there is no indication of additional source of nitrate 
in indoor environments (Health Canada 1998). 

c Intake was estimated using a concentration of 3.8 mg/L in treated drinking water (Health Canada 2013). 
d Intake for soil was estimated using a concentration of 35 mg/kg derived from residual nitrogen levels in Canada 

(see Table D-3, Appendix D). 
e Intake for dust was estimated using soil concentration as a surrogate, as dust concentrations were not identified 

in the literature. 
f  Combined intake (µg/kg bw/d) represents intake from food additive use, air, drinking water, soil and dust. 
g  Assumed to weigh 6.3 kg (Health Canada 2015), to breathe 3.7 m3 of air per day (U.S. EPA 2011 [modified]), 

and to ingest 21.6 mg of dust per day (Wilson and Meridian 2015 [modified]). It is assumed that no soil ingestion 
occurs due to typical caregiver practices. 

h Exclusively for breast milk-fed infants, assumed to consume 0.744 L of breast milk per day (Health Canada 
2018a), and breast milk is assumed to be the only dietary source. 

i Exclusively for formula-fed infants, assumed to drink 0.826 L of water per day (Health Canada 2018a), where 
water is used to reconstitute formula. See footnote on drinking water for details. 

j Assumed to weigh 9.1 kg (Health Canada 2015), to breathe 5.4 m3 of air per day (U.S. EPA 2011 [modified]), to 
drink 0.764 L of water per day (Health Canada 2017), to ingest 7.3 mg of soil per day, and to ingest 27.0 mg of 
dust per day (Wilson and Meridian 2015 [modified]).  

k Assumed to weigh 11.0 kg (Health Canada 2015), to breathe 8.0 m3 of air per day (U.S. EPA 2011 [modified]), to 
drink 0.36 L of water per day (Health Canada 2017), to ingest 8.8 mg of soil per day, and to ingest 35.0 mg of 
dust per day (Wilson and Meridian 2015 [modified]). 

l Assumed to weigh 15 kg (Health Canada 2015), to breathe 9.2 m3 of air per day (U.S. EPA 2011 [modified]), to 
drink 0.43 L of water per day (Health Canada 2017), to ingest 6.2 mg of soil per day, and to ingest 21.4 mg of 
dust per day (Wilson and Meridian 2015 [modified]). 

m Assumed to weigh 23 kg (Health Canada 2015), to breathe 11.1 m3 of air per day (U.S. EPA 2011 [modified]), to 
drink 0.53 L of water per day (Health Canada 2017), to ingest 8.7 mg of soil per day, and to ingest 24.4 mg of 
dust per day (Wilson and Meridian 2015 [modified]). 

n Assumed to weigh 42 kg (Health Canada 2015), to breathe 13.9 m3 of air per day (U.S. EPA 2011 [modified]), to 
drink 0.74 L of water per day (Health Canada 2017), to ingest 6.9 mg of soil per day, and to ingest 23.8 mg of 
dust per day (Wilson and Meridian 2015 [modified]). 

o Assumed to weigh 62 kg (Health Canada 2015), to breathe 15.9 m3 of air per day (U.S. EPA 2011 [modified]), to 
drink 1.09 L of water per day (Health Canada 2017), to ingest 1.4 mg of soil per day, and to ingest 2.1 mg of dust 
per day (Wilson and Meridian 2015 [modified]). 

p Assumed to weigh 74 kg (Health Canada 2015), to breathe 15.1 m3 of air per day (U.S. EPA 2011 [modified]), to 
drink 1.53 L of water per day (Health Canada 2017), to ingest 1.6 mg of soil per day, and to ingest 2.6 mg of dust 
per day (Wilson and Meridian 2015 [modified]).  

 



Draft Screening Assessment - Acids and Bases  Last updated 2020-01-08 

80 

Table D-5. Estimates of daily intake of nitrite from food and drinking water (μg/kg 
bw/day) 

Age groups 
Food additive 

usea 
Drinking waterb 

Combined intake 

0 to 5 monthsc (breast milk-fedd) 0 NA 0 

0 to 5 monthsc (formula fede) 0 NA 0 

6 to 11 monthsf 20 4 24 

1 yearg 50 2 52 

2 to 3 yearsh 50 1 51 

4 to 8 yearsi 40 1 41 

9 to 13 yearsj 30 1 31 

14 to 18 yearsk 20 1 21 

19+ yearsl 10 1 11 
Abbreviations: N/A, not applicable 
a  Intake is equal to the mean dietary exposure from food additive use for all age groups from Table D-2. 
b Intake was estimated using a concentration of 0.05 mg/L in treated drinking water (Health Canada 2013). 
c Assumed to weigh 6.3 kg (Health Canada 2015). 
d Exclusively for breast milk-fed infants, assumed to consume 0.744 L of breast milk per day (Health Canada 

2018a), and breast milk is assumed to be the only dietary source. 
e        Exclusively for formula-fed infants, assumed to drink 0.826 L of water per day (Health Canada 2018a), where 

water is used to reconstitute formula. 
f  Assumed to weigh 9.1 kg (Health Canada 2015) and to drink 0.764 L of water per day (Health Canada 2017).  
g  Assumed to weigh 11.0 kg (Health Canada 2015) and to drink 0.36 L of water per day (Health Canada 2017). 
h Assumed to weigh 15 kg (Health Canada 2015) and to drink 0.43 L of water per day (Health Canada 2017). 
i Assumed to weigh 23 kg (Health Canada 2015) and to drink 0.53 L of water per day (Health Canada 2017). 
j Assumed to weigh 42 kg (Health Canada 2015) and to drink 0.74 L of water per day (Health Canada 2017). 
k Assumed to weigh 62 kg (Health Canada 2015) and to drink 1.09 L of water per day (Health Canada 2017). 
l Assumed to weigh 74 kg (Health Canada 2015) and to drink 1.53 L of water per day (Health Canada 2017). 

Appendix E. Intake estimates from the use of products 

Sentinel exposure scenarios were used to estimate exposure to substances in the Acids 
and Bases Group from use of products. Assumptions for each scenario are summarized 
in Table E-1. Exposures were estimated using ConsExpo Web and default model 
parameters unless otherwise noted (ConsExpo Web [modified 2019 Feb 13]). Estimates 
are based on the weight (74 kg) of an adult (Health Canada 2019). Table E-2 
summarizes the calculation of the relative bioavailable fraction for chlorine dioxide.  

Table E-1. Sentinel exposure scenario parameter assumptions 
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Exposure scenario Assumptions 

Substance: sodium chlorate 
 
Dermal and inhalation 
exposure via cleaning kitchen 
counter (chronic) 
 
Reference: Cleaning Products 
Fact Sheet: All-purpose 
cleaning spray (ConsExpo 
Web [modified 2019]) 

Frequency: 365 / year 
 
Dermal during pouring 
Model: direct product contact 
Loading: instant application 
Undiluted concentration: 0.43% 
Product amount (g): 0.53 
Absorption fraction: 0.1 
  
Inhalation during spraying 
Model: Exposure to spray 
Mode of release: spraying (non-volatiles) 
Spray duration (min): 0.23  
Exposure duration (min): 60  
Diluted concentration: 0.014% (0.43% sodium chlorate in 
120mL product diluted in 3.8L water) 
Room volume (m3): 15 
Room height (m): 2.5 
Ventilation rate (/hr): 2.5 
Inhalation rate (m3/day): 15.1 (Health Canada 2019) 
Mass generation rate (g/sec): 1.6  
Airborne fraction: 0.006 
Density non-volatile (g/cm3): 1  
Inhalation cut-off (µm): 10  
Aerosol diameter distribution type: log-normal 
Median diameter (µm): 2.4  
Coefficient of variation: 0.37  
Maximum diameter (µm): 50  
Absorption fraction: 1 
 
Dermal during spraying 
Model: direct product contact 
Exposed area (cm2): 225  
Loading: constant rate 
Diluted concentration: 0.014% (0.43% sodium chlorate in 
120mL product diluted in 3.8L water) 
Contact rate (mg/min): 46 
Release duration (min): 0.46 
Absorption fraction: 0.1 
 
Dermal during wiping 
Model: Direct product contact  
Loading: instant application 
Exposed area (cm2): 225  
Diluted concentration: 0.014% (0.43% sodium chlorate in 
120mL product diluted in 3.8L water) 
Product amount (g): 0.31 
Absorption fraction: 0.1 
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Exposure scenario Assumptions 

Total combined exposure (mg/kg bw/day) = inhalation during 
spraying (mg/kg bw/day) + dermal during pouring (mg/kg 
bw/d) + dermal during spraying (mg/kg bw/day) + dermal 
during wiping (mg/kg bw/day)  
 
Note: Even though this is a concentrated product, it is 
assumed that a consumer could create a diluted solution in a 
ready-to-use trigger bottle; therefore, exposure during 
pouring of the concentrated product into a trigger bottle is 
also estimated. 

Substance: sodium chlorate 
 
Dermal exposure from hand-
washing laundry (per event) 
 
Reference: Cleaning and 
Washing Factsheet: hand-
washing laundry detergents 
(ConsExpo Web [modified 
2019]) 
 
 

Frequency: 1 / week  
 
Inhalation: Vapour pressure negligible at room temperature; 
therefore, considered non-volatile. 
 
Dermal 
Undiluted concentration: 0.43% 
Product amount during pouring (g): 0.53 (pouring with caps)  
Product amount during washing (g): 0.154 (based off diluted 
product concentration of 7 g/L (label information) * 22mL in 
contact with skin (ConsExpo Web [modified 2019])) 
Product amount during hanging (g): 0.063 (based off diluted 
product concentration of 7g/L (label information) * 9mL in 
contact with skin (ConsExpo Web [modified 2019])) 
Absorption fraction: 0.1 
 
Total exposure (mg/kg bw/day) = exposure-pouring (mg/kg 
bw/day) + exposure-washing (mg/kg bw/day) + exposure-
hanging (mg/kg bw/d) 

Substance: sodium chlorate 
 
Dermal exposure from 
cleaning floor (chronic) 
 
Reference: Cleaning Products 
Factsheet: floor, carpet and 
furniture products (ConsExpo 
Web [modified 2019]) 

Inhalation: Vapour pressure negligible at room temperature; 
therefore, considered non-volatile. 
 
Dermal 
Frequency: 161 / year 
Undiluted concentration: 0.43% 
Product amount during pouring (g): 0.01 (direct pouring) 
Product amount during cleaning (g): 0.69 (based off diluted 
product concentration of 31.5 g/L (label information) * 22mL 
in contact with skin (ConsExpo Web [modified 2019])) 
Absorption fraction: 0.1 
Total exposure (mg/kg bw/day) = exposure during pouring 
(mg/kg bw/day) + exposure during cleaning (mg/kg bw/day) 

Substance: sodium chlorate 
 

Dermal 
Exposure (mg/kg bw/d) = [deposited residue (mg/cm2) * 
fraction available for transfer (%) * transfer coefficient 
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Exposure scenario Assumptions 

Dermal and oral exposure via 
post-application exposure to 
floor cleaning (chronic) 
 
Reference: U.S. EPA 2012 

(cm2/hr) * exposure time (hr) * dermal absorption 
fraction]/body weight (kg) 
 
Deposited residue (mg/cm2): 0.00054 (assuming [0.04L 
solution/m3 of floor * 31.5 g/L of product * weight fraction 
(0.0043) * 1000 mg/g * 1 m2/10 000cm2) 
Fraction available for transfer: 0.08 
Transfer coefficient (cm2/hr): 1927 (derived on the basis of 
the adult transfer coefficient (6800 cm2/hr) adjusted for body 
surface of a 1 year old (5300 cm2/18700cm2 = 0.28) (U.S. 
EPA 2011 (1 year old surface area); Health Canada 2019) 
Exposure time (hr): 2 
Absorption fraction: 0.1 
Body weight (kg): 11 (based on default HC body weight for a 
1 year old) (Health Canada 2015) 
 
Hand-to-mouth oral exposure 
Dose = hand residue (mg/cm2) * (Fraction mouthed * SAh 
(cm2)) * (ET (hr/d) * N Replen (N/hr)) * (1 – [1-SE]^(Freq 
[/hr]/N Replen [N/hr]) / BW (kg) 
 
Hand residue (mg/cm2): 0.000084 (based on: fraction of 
active ingredient on hands compared to total surface residue 
[0.15] * dermal exposure [0.16 mg] (from above) / surface 
area of one hand [150 cm2] * 2) 
Fraction mouthed: 0.13 (fraction of hand mouthed per event) 
Surface Area of hand (cm2): 150 
Exposure Time (hr/d): 2 
Number of Replenishments (/hr): 4 
Saliva Extraction factor: 0.48 
Frequency of hand to mouth events (/hr): 20 
Body weight (kg): 11 (based on a 1 year old child) (Health 
Canada 2015) 
 
Total combined exposure = dermal exposure (mg/kg bw/d) + 
hand-to-mouth oral exposure (mg/kg bw/d)  

Substance: sodium chlorate 
 
Dermal exposure via bubble 
bath (chronic) 
 

Concentration fraction: 0.01 
Product amount (g): 27 (Ficheux et al. 2016) 
Frequency (/day): 0.38 (Ficheux et al. 2015) 
Retention factor: 0.001 
Dermal absorption fraction: 0.1 
Body weight (kg): 62 (age 14 to 18 year olds) (Health 
Canada 2015) 

Substance: chlorine dioxide 
 
Ophthalmic exposure via 
moisturizing lubricant eye 
drop (chronic) 
 

Exposure (mg/kg bw/d) = volume drop (mL/drop) * 
concentration (mg/mL) * frequency (drops/day) * retention 
factor / body weight (kg) 
 
Frequency (drops/day): Up to 8 (2 per eye, twice per day) 
(based on professional judgement; ECCC, HC 2019) 
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Exposure scenario Assumptions 

References: ECCC,HC 2019; 
Farkouh et al. 2016 

Concentration (mg/mL): 0.05  
Volume (mL/drop): 0.01 (based on maximum capacity of the 
conjunctival sac of 10 µL (Farkouh et al. 2016)) 
Retention factor: 1 
Body weight (kg): 74 (Health Canada 2015) 

Substance: chlorine dioxide  
 
Inhalation exposure via 
hunting spray (per event) 
 
Reference: ConsExpo Web 
[modified 2019 Feb] 
  
 

Dermal: due to the substance’s high volatility and low relative 
oral to dermal bioavailability; inhalation was determined to be 
the predominant route of exposure 
 
Inhalation 
Model: exposure to spray 
Mode of release: instantaneous release 
Exposure duration (min): 5 (based on professional 
judgement) 
Released mass (g): 1.102 [Dermal loading (mg/cm2) * 
Surface area (cm2)] 
Dermal loading (mg/cm2): 0.53 (estimated from RIVM 2006; 
U.S. EPA 2012) 
Surface area (cm2): 2080 (head and hands) (Health Canada 
2019) 
Weight fraction substance: 0.01 (1% chlorine dioxide) 
Room volume (m3): 10 (assumed based on immediate 
proximity) 
Ventilation rate (/hr): 5 (higher ventilation rate is assumed 
based on spraying outdoors) 
Inhalation rate (m3/day): 15.1 (Health Canada 2019)  
 
Time-weighted average*: 
Mean event concentration (mg/m3): 0.9 
Exposure time (hr): 0.083  
Exposure duration (hr): 5 
Adjusted concentration (mg/m3): 0.015 
 
*A time weighted average (TWA) was calculated on the basis 
of: adjusted concentration (mg/m3) = [mean event 
concentration (mg/m3) * exposure time (hr)] / exposure 
duration (hr) 

Substance: nitrate  
 
Oral exposure to non-
fluorinated toothpaste 
(chronic) 
 

Concentration fraction: 0.036 nitrate ion (based off 6% of 
potassium nitrate) 
Product amount (mg/application): 210 (for a child age 2 to 3 
years old; Strittholt et al. 2016) 
Frequency (/day): 2.9 (for a child age 2 to 3 years old; 
Ficheux et al. 2015) 
Oral absorption fraction: 1 
Body weight (kg): 15 (child aged 2 to 3 years old) (Health 
Canada 2015) 

Substance: nitrate 
 

Amount of nitrate (mg/capsule): 30 to 130  
Frequency (/day): 2 to 6 
Absorption fraction: 1 
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Exposure scenario Assumptions 

Oral exposure via natural 
health product (chronic) 

Body weight (kg): 74 (Health Canada 2015) 

Substance: nitrate 
 
Dermal exposure to caustic 
applicator (per event) 

Exposure (mg/kg bw/d) = volume (mL) * density (g/mL) * 
weight fraction nitrate ion * conversion factor (1000 mg/1 g) * 
frequency (/day) * dermal absorption fraction / body weight 
(kg) 
 
Weight fraction: 0.153 (nitrate ion) (molecular weight nitrate 
ion (62 g/mol) / molecular weight potassium nitrate (101.1 
g/mol) x concentration potassium nitrate in product (0.25))  
Concentration potassium nitrate in product: 25% 
(AMGMedical 1997-2021) 
Volume (mL): 0.0634 (water used to moisten tip assumed 
similar volume as eye drop; German et al. 1999) 
Density (g/mL): 1 (density of water)  
Frequency: 1 (AMGMedical 1997-2021) 
Absorption fraction: 1 
Body weight (kg): 74 (Health Canada 2015) 

Substance: nitrite 
 
Inhalation exposure via 
cleaning spray (chronic) 
 
Reference: Cleaning Products 
Fact Sheet: All-purpose 
cleaning spray (ConsExpo 
Web [modified 2019]) 

Inhalation during spraying 
Model: Exposure to spray 
Mode of release: spraying (non-volatiles) 
Spray duration (min): 0.23  
Exposure duration (min): 60  
Substance concentration: 0.379% (sodium nitrite) 
Room volume (m3): 15 
Room height (m): 2.5 
Ventilation rate (/hr): 2.5 
Inhalation rate (m3/day): 15.1 (Health Canada 2019) 
Mass generation rate (g/sec): 1.6  
Airborne fraction: 0.006 
Density non-volatile (g/cm3): 1  
Inhalation cut-off (µm): 10  
Aerosol diameter distribution type: log-normal 
Median diameter (µm): 2.4  
Coefficient of variation: 0.37  
Maximum diameter (µm): 50  
Absorption fraction: 1 

Table E-2. Relative bioavailable fraction for dermal exposure for chlorine dioxide 

Equation Parameters 
From the OECD (2010) and 
(2011) guidance documents: 

𝐹 =  
𝐴𝑈𝐶𝐷

𝐴𝑈𝐶𝑂
∗

𝐷𝑜𝑠𝑒𝑂

𝐷𝑜𝑠𝑒𝐷
 

Where;  
F = relative bioavailable fraction 
AUCD = area under the curve for the dermal study (66 
µg/ml*hr) 
AUCO = area under the curve for the oral-gavage study 
(27,981 µg/ml*hr) 
DoseO = dose administered in the oral study (0.05 µCi) 
DoseD = dose administered in the dermal study (0.1 µCi) 
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Parameters for the AUC calculation and doses were 
extracted from the Scatina et al. 1983 oral-gavage study 
and the Scatina et al. 1984 dermal study 

 


