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Synopsis

Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA), the
Minister of the Environment and the Minister of Health have conducted an assessment
of 10 substances referred to collectively under the Chemicals Management Plan as the

Ketones Group. The Chemical Abstracts Service Registry Numbers (CAS RN), their
Domestic Substances List (DSL) names, and their common names and acronyms are

listed in the table below.

Substances in the Ketones Group

CAS RN Subgroup E:rrnn:stlc Substances List Common name (acronym)
78-93-3 1 2-Butanone Methyl ethyl ketone (MEK)
107-87-9 1 2-Pentanone Methy! propyl ketone (MPK)
Methyl isobutyl ketone
108-10-1 2 2-Pentanone, 4-methyl- (MIBK)
Methyl isoamyl ketone
110-12-3 2 2-Hexanone, 5-methyl (MIAK)
123-422 |2 r2n Eti;fnone’ 4-hydroxy-4- Diacetone alcohol (DAA)
431-03-8 3 2,3-Butanedione Diacetyl
513-86-0 |3 2-Butanone, 3-hydroxy Acetoin
600-14-6 |3 2,3-Pentanedione 2,3-Pentanedione (2,3-PD)
123-54-6 Individual 2,4-Pentanedione 2,4-Pentanedione (2,4-PD)
141-79-7 Individual | 3-Penten-2-one, 4-methyl- Mesityl oxide (MO)

All 10 substances in the Ketones Group are commercially produced and are naturally
present in the environment in various plants and/or food items or as substances
produced by microbes and other organisms. Several of the ketones are also produced
endogenously in humans, including MEK, diacetyl and acetoin. According to information
reported in response to surveys under section 71 of CEPA, only DAA (23,000 kg) and
2,3-PD (1,200 kg) were reported to be manufactured in Canada in 2011. Reported
imports in Canada for the substances in the Ketones Group ranged between 100 kg (for
acetoin) and 6,000,000 kg (for MEK) in 2011. In the same year, no Canadian
manufacturing or importing activities above the reporting threshold of 100 kg were
reported for MO.

" 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.




In general, ketones are primarily used as solvents in various products, including
products available to consumers such as paints, coatings and adhesives, and in
numerous industrial applications such as chemical intermediates and solvents, among
others. They may also be used as food flavouring agents, in cosmetics, in natural health
products, and as formulants in pest control products.

The ecological risks of the substances in the Ketones Group were characterized using
the ecological risk classification of organic substances (ERC), which is a risk-based
approach that employs multiple metrics for both hazard and exposure, with weighted
consideration of multiple lines of evidence for determining risk classification. Hazard
profiles are established based principally on metrics regarding mode of toxic action,
chemical reactivity, food web-derived internal toxicity thresholds, bioavailability, and
chemical and biological activity. Metrics considered in the exposure profiles include
potential emission rate, overall persistence, and long-range transport potential. A risk
matrix is used to assign a low, moderate or high level of potential concern for
substances on the basis of their hazard and exposure profiles Based on the outcome of
the ERC analysis, the substances in the Ketones Group are considered unlikely to be
causing ecological harm.

Considering all available lines of evidence presented in this assessment, there is low
risk of harm to the environment from MEK, MPK, MIBK, MIAK, DAA, diacetyl, 2,3-PD,
acetoin, 2,4-PD, and MO. It is concluded that MEK, MPK, MIBK, MIAK, DAA, diacetyl,
2,3-PD, acetoin, 2,4-PD, and MO 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.

Several of these ketones have been previously reviewed internationally; these reviews
and assessments were used to inform the health effects characterization in this
assessment.

For the human health risk assessment, 8 of the substances in the Ketones Group have
been addressed under 3 subgroups, with the remaining 2 substances having been
addressed individually. For subgroup 1 (MEK and MPK), the critical health effects
include developmental effects for MEK and decreased body weight gain for both MEK
and MPK. The general population in Canada is exposed to MEK and MPK from air, food
(from their natural occurrence and possible use as food flavouring agents), and
products available to consumers, including cosmetics, paints, and do-it-yourself (DIY)
products. MEK was also reported to be released to air as a result of industrial activities.
A comparison of the levels of MEK and MPK found in environmental media and in food
(from their possible use as food flavouring agents) to which people in Canada may be
exposed against the levels associated with adverse effects in laboratory studies results
in margins that are considered adequate to address uncertainties in the available
exposure and health effects data used to characterize risk. However, the margins



between critical health effect levels and exposures to MEK in some products available
to consumers—namely, paint or coating removers or strippers (for example, lacquer
removers), adhesive removers, degreasers, paint or coating thinners, liquid paints, and
various spray products including spray paints—are considered inadequate to account
for uncertainties in the exposure and health effects data used to characterize risk. Given
the low acute toxicity of MPK and the absence of developmental effects via inhalation,
there are no concerns related to the presence of MPK in products available to
consumers.

For subgroup 2 (MIBK, MIAK, and DAA), the International Agency for Research on
Cancer (IARC) considers MIBK to be in group 2B (“possibly carcinogenic to humans”),
with “sufficient evidence” of carcinogenicity in laboratory animals. For non-cancer
effects, effects on the liver (MIBK, MIAK) and kidney (MIBK, DAA) as well as
developmental effects (MIBK, DAA) were observed in laboratory studies. In Canada, the
general population may be exposed to MIBK, MIAK, and DAA from environmental
media and food (from their natural occurrence, and for MIBK, from its potential use as a
food flavouring agent), and from the use of products available to consumers, including
rubbing alcohol, cosmetics, markers, paints, and DIY products. MIBK was also reported
to be released to air as a result of industrial activities. A comparison of estimated levels
of exposure to MIBK, MIAK, and DAA from environmental media and of exposure to
MIBK from food (from its potential use as a food flavouring agent) against critical effect
levels results in margins that are considered to be adequate to address uncertainties in
the available exposure and health effects data used to characterize risk. Exposure to
MIBK, MIAK, and DAA from their natural occurrence in food was not identified as a
concern for human health. However, for MIBK, the resulting margins associated with the
use of wood lacquers, liquid paints, and various spray products including spray paints
are considered to be inadequate to address uncertainties in the available exposure and
health effects data used to characterize risk.

For subgroup 3 (diacetyl, 2,3-PD, and acetoin), diacetyl was shown to be carcinogenic
in laboratory studies. For diacetyl and 2,3-PD, non-cancer effects have also been
observed, such as on the respiratory tract. For acetoin, only general systemic toxicity at
high doses has been observed. The general population of Canada is primarily exposed
to diacetyl, 2,3-PD, and acetoin through food (due to their natural occurrence and
possible use as food flavouring agents) and to diacetyl and 2,3-PD through the use of a
limited number of products available to consumers, including cosmetics and air
fresheners, respectively. A comparison of estimated levels of exposure to diacetyl, 2,3-
PD, and acetoin against critical effect levels results in margins that are considered to be
adequate to address uncertainties in the available exposure and health effects data
used to characterize risk.

The available information on the health effects of 2,4-PD indicates general systemic
toxicity and developmental effects. 2,4-PD has shown some potential to be genotoxic
but is not expected to be carcinogenic. The general population of Canada may be
exposed to 2,4-PD from environmental media (air and water) and through its natural



occurrence in food. A comparison of estimated levels of exposure to 2,4-PD and critical
effect levels results in margins that are considered adequate to address uncertainties in
the available exposure and health effects data used to characterize risk. In the draft
assessment, 2,4-PD was identified as a concern for human health on the basis of its
presence in a limited number of products available to consumers. Further investigation
confirmed that 2,4-PD is not currently present in products available to consumers;
therefore, 2,4-PD is no longer considered to be a concern for human health at current
levels of exposure. While exposure of the general population to 2,4-PD is not of concern
at current levels, there is the potential for exposures to increase in the future. Given the
potential health effects of concern associated with this substance there may be a
concern for human health if exposures were to increase.

People in Canada may be exposed to MO from its presence in air and food (due to its
natural occurrence and potential use as a food flavouring agent). MO is not expected to
be carcinogenic or genotoxic. General systemic toxicity has been associated with
exposure to MO in laboratory studies. A comparison of estimated levels of exposure to
MO in environmental media and food (from its potential use as a food flavouring agent)
against critical effect levels results in margins that are considered to be adequate to
address uncertainties in the available exposure and health effects data used to
characterize risk.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated, and developmental and
reproductive toxicity studies were evaluated for potential adverse health effects. In
addition, exposures of people living near industrial releases were also considered.

Considering all of the information presented in this assessment, it is concluded that
MEK and MIBK meet the criteria under paragraph 64(c) of CEPA as they are entering or
may enter the environment in a quantity or concentration or under conditions that
constitute or may constitute a danger in Canada to human life or health. However, it is
concluded that MPK, MIAK, DAA, diacetyl, 2,3-PD, acetoin, 2,4-PD, and MO 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 concluded that MEK and MIBK meet one or more of the criteria set out in
section 64 of CEPA and that MPK, MIAK, DAA, diacetyl, 2,3-PD, acetoin, 2,4-PD, and
MO do not meet any of the criteria set out in section 64 of CEPA.
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1. Introduction

Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA)
(Canada 1999), the Minister of the Environment and the Minister of Health have
conducted an assessment of 10 substances referred to collectively as the Ketones
Group to determine whether these substances present or may present a risk to the
environment or to human health. The substances in this group were identified as
priorities for assessment as they met categorization criteria or were prioritized through
other mechanisms (ECCC, HC [modified 2017]).

The ecological risks of the substances in the Ketones Group were characterized using
the ecological risk classification of organic substances (ERC) approach (ECCC 2016a).
The ERC describes the hazard of a substance using key metrics including mode of toxic
action, chemical reactivity, food web-derived internal toxicity thresholds, bioavailability,
and chemical and biological activity, and considers the possible exposure of organisms
in the aquatic and terrestrial environments on the basis of such factors as potential
emission rates, overall persistence, and long-range transport potential in air. The
various lines of evidence are combined to identify substances that warrant further
evaluation of their potential to cause harm to the environment or that have a low
likelihood of causing harm to the environment.

Some substances are assessed in subgroups because of similarities in chemical
structure, properties, and/or toxicity. Given that these substances may be used in
similar ways and applications, the potential for risk to human health is assessed using
similar exposure assumptions across the group.

Some substances in the Ketones Group currently being evaluated have been reviewed
internationally through the Organisation for Economic Cooperation and Development
(OECD) Cooperative Chemicals Assessment Programme, and both the Screening
Information Dataset (SIDS) and SIDS Initial Assessment Reports (SIARs) are available
for these substances. These assessments undergo rigorous review (including peer
review) and endorsement by international governmental authorities. Health Canada and
Environment and Climate Change Canada are active participants in this process and
consider these assessments to be reliable. Some of the substances have also been
reviewed by the International Programme on Chemical Safety (IPCS), United States
Environmental Protection Agency (US EPA), International Agency for Research on
Cancer (IARC), Agency for Toxic Substances and Disease Registry (ATSDR), and the
United States (US) National Toxicology Program (NTP). Reviews conducted by these
institutions were used to inform the health effects characterization in this assessment.

Diacetyl, 2,3-PD, and acetoin have been identified in vaping products (Farsalinos et al.
2015; Klager et al. 2017) which may represent an additional source of exposure to
diacetyl, 2,3-PD, and acetoin. Vaping products (such as electronic cigarettes and vaping
devices containing cannabis) are being addressed through separate legislative
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frameworks. Health Canada has taken steps to inform industry that substances with
known inhalation risks (for example, diacetyl and 2,3-pentanedione) should never be
added to vaping products (Health Canada [modified 2020a,b]). In addition, Health
Canada is conducting ongoing testing (under the open characterization project) that
indicates that diketones are only infrequently detected in vaping products sold in
Canada (personal communication, email from the Consumer and Hazardous Product
Safety Directorate, [CHPSD], Health Canada, to the Existing Substances Risk
Assessment Bureau, [ESRAB], Health Canada, dated December 3, 2020;
unreferenced).

This assessment includes the consideration of information on chemical properties,
environmental fate, hazards, uses and exposures, including additional information
submitted by stakeholders. Relevant data were identified up to April 2017. Additional
data were submitted up to October 2019. Targeted literature searches were conducted
up to June 2021. Empirical data from key studies as well as some results from models
were used to reach conclusions. Where available and relevant, information presented in
assessments from other jurisdictions was considered.

This 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 human health portions of this
assessment have undergone external review and/or consultation. Comments on the
technical portions relevant to human health were received from Theresa Lopez, Jennifer
Flippin and Joan Garey (TetraTech Inc.), and from D.L. Morgan (National Toxicology
Program, National Institute of Environmental Health Sciences, US). The ecological
portion of this assessment is based on the ERC document (published July 30, 2016),
which was peer-reviewed and subject to a 60-day public comment period. Additionally,
the draft of this assessment (published January 19, 2019) was subject to a 60-day
public comment period. While external comments were taken into consideration, the
final content and outcome of the assessment remain the responsibility of Health Canada
and Environment and Climate Change Canada.

Assessments focus on information critical to determining whether substances meet the
criteria as set out in section 64 of CEPA by considering scientific information, including
information, if available, on subpopulations who may have greater susceptibility or
greater exposure, vulnerable environments and cumulative effects,? and by

2 The consideration of cumulative effects under CEPA may involve an analysis, characterization, and possible
quantification of the combined risks to health or the environment from exposure to multiple chemicals.
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incorporating a weight of evidence approach and precaution.? This assessment
presents the critical information and considerations on which the conclusions are based.

2. ldentity of substances

The 10 substances evaluated in this assessment are ketones with the general formula
shown in Figure 2-1. The ketones in this assessment have been divided into 3
subgroups and 2 individual assessments according to their chemical structure,
properties, and/or toxicity.

Figure 2-1. General formula for ketones

The Chemical Abstracts Service Registry Numbers (CAS RNs*), Domestic Substances
List (DSL) names, common names and/or acronyms for the individual substances in the
Ketones Group are presented in Table 2-1. A list of additional chemical names (for
example, trade names) is available from the National Chemical Inventories (NCI 2015).

Table 2-1. Substance identities for the Ketones Group

DSL name . .
Chemical structure and Molecular weight
Subgroup | CAS RN (common name or molecular formula (g/mol) 9

acronym)

2-Butanone °

1 78-93-3 (methyl ethyl ketone; 72.11
MEK)
C4HsO

3 Determining whether one or more of the criteria in section 64 of CEPA are met is based on 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 that is based on the criteria contained in section 64 of CEPA does not preclude actions being
taken under other sections of CEPA or other acts.

4 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.

3



DSL name

Chemical structure and

Molecular weight

Subgroup | CAS RN (common name or molecular formula (g/mol)
acronym)
a
2-Pentanone
1 107-87-9 (methyl propyl ketone; 86.13
MPK)
CsH100
2-Pentanone, 4- 0
2 | 108101 | Moty (methyl )\)J\ 100.16
isobutyl ketone;
MIBK)
CsH120
[n]
2-Hexanone, 5-
_ | R/%J\H
2 110-12-3 | methyl- (methyl 114.19
isoamyl ketone;
MIAK)
C7H140
0
2-Pentanone, 4- HO
2 123-42- | Nvdroxy-a-methyl- 116.16
(diacetone alcohol;
DAA)
CeH1202
' ___JJ\V.-"-'
3 431-03-8 2,:_3-Butaned|one | 86.09
(diacetyl) i
C4HsO2
]
2,3-Pentanedione N
3 600-14-6 (2,3-PD) I 100.12
CsHsO2




DSL name

Chemical structure and Molecular weight
Subgroup | CAS RN (common name or molecular formula (g/mol) 9
acronym)
]
2-Butanone, 3- J\
3 513-86-0 | hydroxy- T~ 88.11
(acetoin)
2
C4HsO2
0 n]
. 2,4-Pentanedione )J\/H\
Individual | 123-54-6 (2,4-PD) 100.12
CsHsO2
0
3-Penten-2-one, 4-
Individual | 141-79-7 methyl- (mesityl Sy 98.14
oxide; MO)
CsH100

2.1 Selection of analogues and use of (Q)SAR models

A read-across approach using data from analogues and the results of (quantitative)
structure-activity relationship ([QJSAR) models have been used, where appropriate, to
inform the human health assessments. Analogues were selected that were structurally
similar to and/or a metabolite for substances within this group (for example, similar
physical-chemical properties, toxicokinetics) and that had relevant empirical data that
could be used to read across to substances with limited empirical health effects data.
The applicability of (Q)SAR models was determined on a case-by-case basis. Details of
the read-across data selected to inform the human health assessments of each
subgroup and MO are further discussed in the relevant sections of this report.
Information on the identities and chemical structures of the analogues used to inform
this assessment is presented in Table 2-2. In some cases, substances within a
subgroup were used as analogues to inform the human health assessments.
Information on the physical-chemical properties and health effects data for the
analogues as well as for the target substances in this group assessment are presented
in Appendix A.



Table 2-2. Analogue identities

g:lbgroup DSL name Molecular
CAS RN (common Chemical structure and .
substance weight
- name or molecular formula
being (g/mol)
acronym)
assessed
Subgroup 1 | 78-92-2 2-Butanol OH 74.1
C4H100
5-Hepten-2-
one, 6-
methyl- O
MO 10-930 | (6-methyl-5- PP 1262
heptene-2-
one; MHE) CsH140

3. Physical and chemical properties

A summary of physical and chemical property data for the substances in the Ketones
Group is presented in Table 3-1 to Table 3-4. Additional physical and chemical

properties are presented in ECCC (2016b).

Table 3-1. Physical and chemical properties (at a standard temperature of
approximately 20-25°C) for substances in subgroup 1 of the Ketones Group
(experimental values unless indicated otherwise)

Property MEK MPK Reference
Physical state Colourless liquid Colourless liquid HSDB 1983-

. e OECD 1997a,
Melting point (°C) -85.9 -76.9 ChemlIDplus 1993-
Vapour pressure 10 332 4720 OECD 199743,
(Pa) ChemlIDplus 1993-
Henry’s law ATSDR 2020,
constant 5.85 8.47 ChemlIDplus 1993-
(Pa-m®/mol)

Water solubility OECD 1997a,
(mg/L) 276 000 43000 ChemIDplus 1993-
Log Kow OECD 1997a,
(dimensionless) 0.29 0.91 ChemlIDplus 1993-
Log Koc . ATSDR 2020,
(dimensionless) 0.55 1.87 [estimated] HSDB 1983-




Abbreviations: Kow, octanol-water partition coefficient; Koc, organic carbon—water partition coefficient

Table 3-2. Physical and chemical properties (at a standard temperature of
approximately 20-25°C) for substances in subgroup 2 of the Ketones Group
(experimental values unless indicated otherwise)

Property MIBK MIAK DAA Reference
Phvsical state Colourless Colourless, Colourless OECD 1996,
y liquid clear liquid liquid HSDB 1983-
Melting point OECD 1996,
(oC) '847 '74 '44 Chem|Dp|US
1993-
Vapour ChemlDplus
pressure (Pa) 2,653 769 228 1993-
Henry’s law 14.0 16.2 0.026 ChemlDplus
constant . . : 1993-
(Pa-m¥/mol) [estimated] [estimated] [estimated]
Water solubility ChemlDplus
(mg/L) 19,000 5,400 1,000,000 1993-
Log Kow 1.31 1.88 -0.34 ChemlDplus
(dimensionless) ) ) [estimated] 1993-
Log Koc 2.08 2.40 1.32 HSDB 1983-
(dimensionless) [estimated] [estimated] [estimated]

Abbreviations: Kow, octanol-water partition coefficient; Koc, organic carbon—water partition coefficient

Table 3-3. Physical and chemical properties (at a standard temperature of
approximately 20-25°C) for substances in subgroup 3 of the Ketones Group
(experimental values unless indicated otherwise)

Property Diacetyl 2,3-PD Acetoin Reference
Greenish- Dark yellow Slightly HSDB 1983-
Physical state oo to green- yellow liquid | CDC 2016
yellow liquid .
yellow liquid or crystals
-99.38 ChemlDplus
Melting point (°C) -2.40 - 15.0 1993-, EPI Suite
[estimated] ¢2000-2012
Vapour pressure 4 146 359 ChemlIDplus .
(Pa) 7,572 [estimated] [estimated] 1993-, EPI Suite
c2000-2012
Henry’'s law ChemlIDplus
constant 1.35 [es(t)i.r(rs\;?ed] [est:r.::ted] 1993-, EPI Suite
(Pa-m®/mol) c2000-2012
Water solubility 66 700 (at 15 ChemlDplus
(mg/L) 200,000 deg C) 1,000,000 1993-
Log Kow 134 -0.85 -0.36 ChemlIDplus
(dimensionless) ' [estimated] [estimated] | 1993-
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i i i ; : 2012, HSDB
(dimensionless) [estimated] [estimated] [estimated] 1983.

Abbreviations: Kow, octanol-water partition coefficient; Koc, organic carbon—water partition coefficient

Table3-4. Physical and chemical properties (at a standard temperature of
approximately 20-25°C) for 2,4-pentanedione and mesityl oxide of the Ketones
Group (experimental values unless indicated otherwise)

Property 2,4-PD MO Reference
Colourless or QOily, colourless HSDB 1983-
Physical state slightly yellow liquid | to light-yellow
liquid
Melting point (°C) -23.0 -59.0 Cheml|Dplus 1993-
Vapour pressure (Pa) 395 1,095 ChemlIDplus 1993-

Henry’s law constant 0.238 [estimated] | 3.72 [estimated] ChemlIDplus 1993-
(Pa-m3/mol)

Water solubility 166,000 28,900 ChemlDplus 1993-
(mg/L)
Log Kow 0.34-0.4 1.2-1.7 ChemlDplus 1993-,

. . OECD 1997b, OECD
(dimensionless) 2001
Log Koc 1.54 [estimated] 1.04 EPI Suite c2000-2012,
(dimensionless) OECD 1997b

Abbreviations: Kow, octanol-water partition coefficient; Koc, organic carbon—water partition coefficient

4. Sources and uses

All 10 substances in the Ketones Group are naturally present in the environment in
various plants and/or food items or as substances produced by microbes and other
organisms, but may also be synthetically produced (VCCEP 2003; Burdock 2010;
O’Donoghue 2012a,b). MEK, diacetyl, and acetoin are also produced endogenously in
humans (WHO 1999a; VCCEP 2003; NTP 2007a).

All of the substances in the Ketones Group, except for MEK, have been included in a
2011 survey issued pursuant to section 71 of CEPA (Environment Canada 2012). MEK
was included in a 2001 survey issued pursuant to section 71 of CEPA. Reported
manufactured quantities for MEK ranged between 1 million and 10 million kg in the year
2000; however, manufacturing of this substance in Canada ceased in 2002
(Environment Canada 2001). Reported quantities of MEK imported into Canada in the
year 2000 were greater than 10 million kg. According to the Canadian International
Merchandise Trade Database (CIMT), annual average imports of MEK into Canada
between 2011 and 2016 were approximately 4.9 million kg (CIMT 2017). Table 4-1
presents a summary of the reported total manufacture and total import quantities for the
Ketones Group.
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Table 4-1. Summary of information on Canadian manufacturing and imports of
substances in the Ketones Group, submitted pursuant to a section 71 survey

under CEPA

Common name Total manufacture? (kg) Total imports? (kg)
6,042,865

MEK NR (data for 2011; CIMT 2017)

MPK NR 1,097,844

MIBK NR 1,241,783

MIAK NR 35,906

DAA 23,000 265,529

Diacetyl NR 1,430

2,3-PD 1,200 NR

Acetoin NR 100 to 1,000

2,4-PD NR 100,000 to 1,000000

MO NR NR

Abbreviations: NR, not reported above the reporting threshold of 100 kg
aValues reflect quantities reported in response to surveys conducted under section 71 of CEPA (Environment
Canada 2012), except for MEK. See survey (Schedules 2 and 3) for specific inclusions and exclusions (Environment

Canada 2012).

Table 4-2 presents a summary of the major uses of the Ketones Group, according to
information submitted in response to CEPA section 71 surveys (Environment Canada
2001, 2013) and Table 4-3 presents additional uses identified in Canada.

Table 4-2. Summary of the major uses of substances in the Ketones Group in

Canada (based on consumer and commercial DSL codes reported in response to
CEPA section 71 surveys)

Major uses Subgroup 12 Subgroup 2 Subgroup 3 Individual
Paints and MEK, MPK MIBK, MIAK, N/A 2,4-PD
coatings DAA

Food and N/A N/A 2,3-PD, N/A
beverage Acetoin

Agricultural MEK N/A Diacetyl N/A
products,

mixtures or

manufactured

items (non-

pesticidal)

Adhesives and MEK, MPK MIBK, DAA N/A 2,4-PD
sealants

Ink, toner and MEK, MPK MIBK, DAA N/A N/A
colourants




Major uses Subgroup 12 Subgroup 2 Subgroup 3 Individual

Automotive, MEK, MPK MIBK, DAA N/A N/A

aircraft and

transportation

Plastic and N/A MIBK N/A 2,4-PD

rubber

materials not

otherwise

covered

Electrical and N/A MIBK, DAA N/A N/A

electronics

Floor coverings MEK MIBK N/A N/A

Cleaning and MEK DAA N/A N/A

furnishing care

Personal care N/A DAA 2,3-PD, N/A
Acetoin

Toys, N/A DAA N/A N/A

playground and

sporting

equipment

Other® MEK, MPK MIBK, DAA Diacetyl N/A

Abbreviations: N/A, not applicable
@ Non-confidential uses reported in response to a survey conducted under section 71 of CEPA (Environment Canada
2012). See survey (Schedules 2 and 3) for specific inclusions and exclusions. Results for MEK are from uses in 2000
and may no longer be relevant.
b “Other” refers to minor uses and/or uses that cannot be disclosed as a result of confidentiality claims.

Table 4-3. Additional possible uses in Canada for each of the substances in the

Ketones Group

Use Subgroup | Subgroup | Subgroup | Individual
1 2 3
Food additive® MEK N N N
Food flavouring agent?@ MEK Diacetyl,
MPK, MIBK Acetoin, MO
2,3-PD
Food packaging materials®@ MEK, MIBK,
MPK DAA N 2,4-PD
Incidental additives?® MEK N N N
Natural Health Products Diacetyl,
Ingredients Database® MEK, MIBK, Acetoin, MO
MPK DAA
2,3-PD
Licensed Natural Health Products
Databgse as non-medicinal MEK MIBK N N
ingredients in natural health
products in Canada®
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Use Subgroup | Subgroup | Subgroup | Individual
1 2 3

Notified to be present in

cosmetics, based on notifications MEK, MIBK, Diacteyl N

submitted under the Cosmetic MPK DAA

Regulations to Health Canada®

Formulant in pest control MIBK, Diacetyl,

products registered in Canada® MPK MIAK, Acetoin, N
DAA 2,3-PD

Abbreviations: N, no—this use was not reported as a possible use for this substance

@ Personal communication, email from the Food Directorate (FD), Health Canada (HC), to the ESRAB, HC, dated
August 18, 2016; unreferenced

b NHPID [modified 2022]

¢ LNHPD [modified 2021]

4 Personal communication, email from the CHPSD, HC, to the ESRAB, HC, dated August, 2016, and November
2019; unreferenced

¢ Personal communication, email from the Pest Management Regulatory Agency, HC, to the ESRAB, HC, dated July
28, 2016; unreferenced

In general, ketones are primarily used as solvents in various products including
products available to consumers, and in numerous industrial applications as chemical
intermediates and solvents, among others (Braithwaite 2000; O’'Donoghue 2012a,b).
MEK is listed as a permitted food additive in natural extractives and in spice extracts, as
prescribed in Health Canada’s List of Permitted Carrier or Extraction Solvents,
incorporated by reference in its respective Marketing Authorization issued under the
Food and Drugs Act. MEK, MPK, MIBK, DAA, and 2,4-PD may be used as components
in the manufacture of food packaging materials that do not come into direct contact with
food in Canada. MEK may also be used as a component in incidental additives®
(cleaners) in food processing establishments with no direct contact with food. No
definitive information is available concerning the potential use of MEK, MPK, MIBK,
diacetyl, acetoin, 2,3-PD, and MO as food flavouring agents in Canada; however, since
these substances are known to be used as food flavouring agents in the United States
or Europe, it is possible that these substances are present as flavouring agents in foods
sold in Canada (personal communication, email from the FD, HC, to the ESRAB, HC,
dated August 18, 2016; unreferenced).

MEK is listed in the International Council for Harmonization (ICH)’s Guideline for
Residual Solvents (Q3C(R8)) as a Class 3 solvent, which is a solvent with low toxic
potential that should be limited using good manufacturing practices or other quality-
based requirements. It is considered acceptable without justification at amounts of no

5 While not defined under the Food and Drugs Act (FDA), incidental additives may be regarded, for
administrative purposes, as those substances which are used in food processing plants and which may
potentially become adventitious residues in foods (for example, cleaners, sanitizers).
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more than 50 mg/day (corresponding to 5,000 ppm or 0.5% when assuming a product
mass of 10 g administered daily). MIBK is listed in ICH'’s guideline as a Class 2 solvent,
which is a solvent that should be limited and is further associated with a permitted daily
exposure (PDE) of up to 45 mg/day (corresponding to 4,500 ppm or 0.45% when
assuming a product mass of 10 g administered daily) (personal communication, email
from the Biologics and Genetic Therapies Directorate, HC, to the ESRAB, HC, dated
July 15, 2012; unreferenced).

MEK is listed in the Natural Health Products Ingredients Database (NHPID) with a
medicinal role and classified as a natural health product (NHP) substance falling under
Schedule 1, item 2 (an isolate) of the Natural Health Products Regulations, as well as
with a non-medicinal role for topical use as a denaturant (up to 1%) or oral use as a
flavour enhancer (up to 28.76 ppm). The NHPID also notes that MEK is subject to
additional regulatory requirements in accordance with the Precursor Control
Regulations since it is listed on Schedule VI of the Controlled Drugs and Substances
Act. MPK, 2,3-PD, and MO are listed in the NHPID with a non-medicinal role for oral
use as flavour enhancers; MIBK is listed with a non-medicinal role for oral use as a
flavour enhancer (up to 25 ppm) or topical use as a denaturant (up to 4%); DAA is listed
with a non-medicinal role for topical use only as a fragrance ingredient or solvent; and
acetoin is listed with a non-medicinal role for oral use as a flavour enhancer or topical
use as a fragrance ingredient. MIBK is also associated in the NHPID with a permitted
daily exposure as residual solvent of up to 45 mg/day, equivalent to a concentration limit
of 4,500 ppm when assuming a product mass of 10 g administered daily, further
indicating that this limit applies to all dosage forms and routes of administration. Only
MEK and MIBK are listed in the Licensed Natural Health Products Database as being
present as non-medicinal ingredients in a limited number of currently licensed topical
NHPs in Canada (NHPID [modified 2022]; LNHPD [modified 2021]; personal
communication, email from the Natural and Non-prescription Health Products
Directorate (NNHPD), HC, to the ESRAB, HC, dated August 16, 2016; unreferenced).

On the basis of notifications submitted under the Cosmetic Regulations to Health
Canada, MEK, MPK, MIBK, DAA, and diacetyl are used in certain cosmetics in Canada,
primarily in nail care products (personal communication, email from the CHPSD, HC, to
the ESRAB, HC, dated August 2016, November 2019, and April 2020; unreferenced).
According to publicly available sources, diacetyl was identified in additional cosmetics in
Canada on the basis of information from retailer websites. MEK, MPK, MIBK, MIAK, and
DAA are used in products available to consumers, including liquid and spray paints and
coatings, automotive care products, do-it-yourself (DIY) products such as paint
removers, adhesives, and pipe sealants (Environment Canada 2012; CPID [modified
2019]; SDS 2008, 2011, 2012a,b,c, 2013, 2014a,b, 2015a,b,c,d, 2016a,b,c,d, 2017a,b,
2018a,b,c, 2019a,b,c,d,e,f,g). MEK, MPK, and MIBK have been identified in emissions
from various building materials (for example, wood, carpet, insulation) and products
available to consumers (for example, paint, automotive cleaners, caulking) in Canada
by the National Research Council of Canada (Won and Lusztyk 2011; Won and Yang
2012; Won et al. 2013; Won et al. 2014; Won et al. 2015).
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MEK was identified in several different children’s products, including tents/tunnels
(Hansen et al. 2004), slimy toys (Svendsen et al. 2005), rubber figures, and speed
markers (Glensvig and Ports 2006) in Denmark. Under the Washington State
Department of Ecology’s Children’s Product Safety Act (WSDE 2020), MEK was
detected in various products intended for children 12 years and younger, including kids’
crafts, baby furniture, baby bibs, pacifiers/teething rings, children’s toys and games, and
baby and children’s bedding and clothing, as well as footwear and camping gear
(WSDE 2020). MEK was present in these products primarily as a contaminant but also
as an adhesive, binding agent, colouration/pigment/dye/ink, component of plastic resin
or polymer process, hardening agent, manufacturing additive, preservative, protective
coating, reinforcement/strength agent, and solvent (WSDE 2020). MEK has also been
measured in animal care products (Nylén et al. 2004) and adult toys (Nilsson et al.
2006) in Denmark.

Other sources of these ketones include vehicle exhaust (MEK, diacetyl) (IPCS 1993),
tire crumb rubber and synthetic turf made with tire crumb rubber (MIBK) (US EPA &
CDC/ATSDR 2019), cigarette smoke (MEK, diacetyl, 2,3-PD), and flavoured e-cigarette
liquids (diacetyl, 2,3-PD, acetoin) (personal communication, emails from the Tobacco
Control Directorate, HC, to the ESRAB, HC, dated August 15 to18, 2016 and November
16, 2017; unreferenced). Information received as part of the public comment period on
the draft screen assessment presented additional sources of these ketones, including
laboratory uses (MEK, DAA) and use during the assembly of optical fibers (MIBK), as
well as in ink used to mark internal components of electronic equipment (for example,
power supplies, inductors, drives) (MEK).

Two of the 10 substances, MEK and MIBK, are reportable under the National Pollutant
Release Inventory (NPRI). Table 4-4 summarizes the release and disposal data from
2011 to 2019 (NPRI 2011-2017a,b, 2021).

Table 4-4. NPRI release and disposal data (tonnes per year) for MEK and MIBK
from 2011 to 2019 (NPRI 2011-2017a,b, 2021)

Substance | On-site On-site On-site Disposal | Disposal | Off-site
releases | releases |releases | on-site®? | off-site®® | recycling®®
to air*® | to to land?P

water??

MEK 720 to 54t020 |Oto2 0.802 to 90 to 1,441 to
1,380 67 1,563 3,074

MIBK 164 to 0.02 to Oto 1.3t032 | 2310318 | 24310 323
242 1.9 0.049

aData used for this table is current as of June 22, 2021. Facilities can and do update their information reported to the
NPRI at any time. Consequently, similar analysis done with different versions of the data may produce different
results (NPRI 2021).

b Ranges from facilities that meet NPRI reporting threshold requirements. Values are rounded to the nearest tonne.
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5. Environmental fate and behaviour
5.1 Environmental persistence

According to models used in the ERC approach (ECCC 2016b), MEK, DAA, diacetyl,
2,3-PD 2-4-PD, and MO are expected to persist in air, but are not expected to persist in
water, sediment, or soil. However, for 2-4-PD, Information on the tautomerization of 2,4-
PD indicates that the enol form of 2,4-PD is expected to be dominant over the keto form
in the air (Spencer et al. 1982; Folkendt et al. 1985). In addition, calculations of the half-
lives using multiple published empirical rate constants (Holloway et al. 2005; Zhou et al.
2008; Messaadia et al. 2015) and the AOPWIN model results (Atmospheric Oxidation
Program for Microsoft Windows, 2010), suggest that 2,4-PD is unlikely to be persistent
in air.

MPK, MIBK, MIAK, and acetoin are not expected to persist in air, water, sediment, or
soil according to models used in ERC (ECCC 2016b).

5.2 Potential for bioaccumulation

Given their low log Kow and low bioconcentration factors (ECCC 2016b), MEK, MIAK,
DAA, diacetyl, acetoin, 2,3-PD, 2,4-PD, and MO are not expected to significantly
bioaccumulate in organisms. Although the log Kow value(s) for MPK and MIBK are high,
the bioconcentration factors for these substances are low (1.4 and 2 L/kg, respectively).
As a result, these substances are not expected to significantly bioaccumulate in
organisms (ECCC 2016b).

6. Potential to cause ecological harm
6.1 Characterization of ecological risk

The ecological risks of the substances in the Ketones Group were characterized using
the ERC approach (ECCC 2016a). The ERC is a risk-based approach that considers
multiple metrics for both hazard and exposure, with weighted consideration of multiple
lines of evidence for determining risk classification. The various lines of evidence are
combined to discriminate between substances of lower or higher potency and lower or
higher potential for exposure in various media. This approach reduces the overall
uncertainty with risk characterization compared to an approach that relies on a single
metric in a single medium (for example, median lethal concentration) for
characterization. The following summarizes the approach, which is described in detail in
ECCC (2016a).

Data on physical-chemical properties, fate (chemical half-lives in various media and
biota, partition coefficients, and fish bioconcentration), acute fish ecotoxicity, and
chemical import or manufacture volumes in Canada were collected from scientific
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literature, from available empirical databases (for example, OECD QSAR Toolbox
2014), and responses to surveys issued pursuant to section 71 of CEPA, or they were
generated using selected (Q)SAR or mass-balance fate and bioaccumulation models.
These data were used as inputs to other mass-balance models or to complete the
substance hazard and exposure profiles.

Hazard profiles were based principally on metrics regarding mode of toxic action,
chemical reactivity, food web-derived internal toxicity thresholds, bioavailability, and
chemical and biological activity. Exposure profiles were also based on multiple metrics
including potential emission rate, overall persistence, and long-range transport potential.
Hazard and exposure profiles were compared to decision criteria in order to classify the
hazard and exposure potentials for each organic substance as low, moderate, or high.
Additional rules were applied (for example, classification consistency, margin of
exposure) to refine the preliminary classifications of hazard or exposure.

A risk matrix was used to assign a low, moderate, or high classification of potential risk
for each substance on the basis of its hazard and exposure classifications. ERC
classifications of potential risk were verified using a two-step approach. The first step
adjusted the risk classification outcomes from moderate or high to low for substances
that had a low estimated rate of emission to water after wastewater treatment,
representing a low potential for exposure. The second step reviewed low risk potential
classification outcomes using relatively conservative, local-scale (that is, in the area
immediately surrounding a point-source of discharge) risk scenarios, designed to be
protective of the environment, to determine whether the classification of potential risk
should be increased.

ERC uses a weighted approach to minimize the potential for both over- and under
classification of hazard and exposure, and of subsequent risk. The balanced
approaches for dealing with uncertainties are described in greater detail in ECCC
(2016a). The following describes 2 of the more substantial areas of uncertainty. Error
with empirical or modelled acute toxicity values could result in changes in classification
of hazard, particularly metrics relying on tissue residue values (that is, mode of toxic
action), many of which are predicted values from (Q)SAR models (OECD QSAR
Toolbox 2014). However, the impact of this error is mitigated by the fact that
overestimation of median lethality will result in a conservative (protective) tissue residue
used for critical body residue analysis. Error with underestimation of acute toxicity will
be mitigated through the use of other hazard metrics such as structural profiling of mode
of action, reactivity, and/or estrogen binding affinity. Changes or errors in chemical
quantity could result in differences in the classification of exposure as exposure and risk
classifications are highly sensitive to emission rate and use quantity. The ERC
classifications thus reflect exposure and risk in Canada on the basis of what is
estimated to be the current use quantity and may not reflect future trends.

In addition, it should be noted that in this assessment, evaluation of the potential to
cause ecological harm considered each substance individually. If exposure to multiple
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substances occurs simultaneously, this could result in cumulative effects on organisms
and potentially present a higher risk. The potential for cumulative effects and how they
may manifest in the environment were not further investigated due to the low ecological
risk classification of these substances, considering both ecological exposure and hazard
under the ERC approach.

The critical data and considerations used to develop the substance-specific profiles for
the substances in the Ketones Group, and the hazard, exposure, and risk classification
results are presented in ECCC (2016b).

The hazard and exposure classifications for the substances in the Ketones Group are
summarized in Table 6-1.

Table 6-1. Ecological risk classification results for the substances in the Ketones
Group

Substance ERC hazard ERC exposure ERC risk
classification classification classification
MEK? low high low
MPK low low low
MIBK?@ low low low
MIAK low low low
DAA low high low
Diacetyl low low low
Acetoin low low low
2,3-PD low low low
2,4-PD low low low
MO low low low

a Air concentration data from the National Air Pollution Surveillance (NAPS) program exist for these substances and
were considered, but did not have any impact on the ecological classification (refer to sections 6.1.1 and 6.2.1 for
NAPS data on MEK and MIBK, respectively).

On the basis of low hazard and low exposure classifications according to information
considered under ERC, MPK, MIBK, MIAK, diacetyl, acetoin, 2,3-PD, 2,4-PD, and MO
were classified as having a low potential for ecological risk. It is therefore unlikely that
these substances are resulting in concerns for the environment in Canada.

According to information considered under ERC, MEK and DAA were classified as
having a high exposure potential on the basis of high reported use quantities according
to information submitted in response to a CEPA section 71 survey (Environment
Canada 2013), in combination with a critically long half-life in air. MEK and DAA were
classified as having a low hazard potential and a low potential for ecological risk. It is
therefore unlikely that these substances are resulting in concerns for the environment in
Canada.
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7. Potential to cause harm to human health
7.1 Assessment of subgroup 1 (MEK, MPK)

7.1.1 Exposure assessment of subgroup 1 (MEK, MPK)
Environmental media

MEK was monitored by the National Air Pollution Surveillance (NAPS) program (ECCC
2017a). Measured concentrations of MEK in ambient air were compiled from 56 NAPS
monitoring stations across Canada from 2006 to 2010. During this period, the mean and
95th percentile of 24-hour concentrations of MEK from the various stations ranged from
0.20 pyg/m3 to 5.7 ug/m3 and 0.53 uyg/m3to 19.3 ug/m3, respectively (ECCC 2017a).
Information available from the Hamilton Air Monitoring Network (HAMN) in Ontario
indicates that MEK concentrations measured over various 12-day periods between
2015 and 2019 in ambient air at 3 locations within the Hamilton industrial sector ranged
from below the reliable detection limit (RDL, 0.295 ug/m?®) to a maximum of 31.5 ug/m3.
The average concentrations from these sites ranged from 1.19 pyg/m?3 to 6.11 pug/m?3
(HAMN 2020).

Outdoor air concentrations for MEK and MPK were also measured in 5 Canadian air
studies conducted in Windsor, Regina, Halifax, Edmonton, and Ottawa (Zhu et al. 2005;
Health Canada 2010a,b, 2012, 2013). Outdoor air samples from these studies were
measured near homes (for example, backyards) that were included in the residential
indoor air component of the studies described in further detail below.

MEK concentrations in ambient air from these Canadian studies ranged from

<0.03 pyg/m3to 39.06 pug/m3, with geometric mean and 95th percentile concentrations
ranging from 0.41 pyg/m3to 1.77 ug/m3 and from 0.78 pg/m3 to 5.53 pyg/m?3, respectively
(Zhu et al. 2005; Health Canada 2010a,b, 2012, 2013). Ambient air concentrations for
MPK from the 5 Canadian studies ranged from 0.002 ug/m?3 to 14.38 pug/ms3, with
geometric mean and 95th percentile concentrations ranging from 0.055 pg/m?3 to

0.49 pyg/m3 and from 0.22 pug/m3to 1.25 ug/m? (Health Canada 2010a,b, 2012, 2013).
The maximum concentration of 31.5 ug/m?3for MEK from the HAMN and the 95th
percentile concentration of 1.25 ug/m3 for MPK from the Regina study were
conservatively used to estimate outdoor air exposures to MEK and MPK for the general
population in Canada.

As MEK can be used by facilities and is reported by the NPRI to be released to air in
Canada (see section 4), the US EPA model SCREENS3 was used to estimate potential
exposures to those living near facilities that release MEK to ambient air. Results of
these modelled concentrations are presented in Table 7-1, and input parameters for the
model can be found in Appendix B. The highest estimated annual concentration of MEK
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in ambient air (406 uyg/m?3) was used to estimate potential high-end exposures of
residents living near facilities releasing MEK to air.

Table 7-1. Estimated concentration of MEK from on-site releases to air by
industrial facilities in Canada

Exposure parameter Concentration of MEK (ug/m3)
1-hour maximum concentration 142 to 2,029
24-hour maximum concentration? 57 to 812
Annual concentration® 28 to 406

a Assuming a continuous release occurring over a 24-hour period and considering the changing wind direction over
this period, a maximum 24-hour average concentration is estimated by multiplying the maximum 1-hour concentration
by a factor of 0.4 (US EPA 1992).

b For exposures over the span of a year, it can be expected that, with changing wind directions, the substance air
concentrations within an area release source may not vary to the same extent as those of point release sources. The
meteorological conditions giving rise to a maximum 1-hour exposure can persist for a longer duration; thus, the
maximum concentration for 1 year is determined by multiplying the maximum 1-hour concentration by a factor of 0.2
(US EPA 1992).

MEK and MPK were measured in the national Canadian indoor air study conducted
from 2009 to 2011 as part of cycle 2 of the Canadian Health Measures Survey (CHMS).
MEK was detected in 99% of the samples, with a geometric mean concentration of
1.14 ug/m?3 (weighted data at the household level) and a 95th percentile concentration
of 9.76 ug/m3. MPK was detected in 97% of the samples, with a geometric mean
concentration (weighted data at the household level) of 0.36 ug/m? and a 95th
percentile concentration of 1.58 ug/m3 (Zhu et al. 2013). Similar indoor air
concentrations for both MEK and MPK were observed in cycle 3 of the CHMS (2012—
2013) (Li et al. 2019).

Indoor air concentrations for MEK and MPK were also measured across the same 5
Canadian studies referred to above. Indoor measurements were taken in the family or
living rooms of selected residential homes. Between 45 and 48 non-smoking participant
homes in Windsor were monitored from January 2005 to August 2006, with samples
collected every 24 hours for 5 consecutive days (Health Canada 2010a). In the Regina
study, a total of 146 homes, of which 34 had at least 1 smoking participant, were
monitored in both the winter and summer of 2007, with one 24-hour sample and one 5-
day sample collected from each household (Health Canada 2010b). In the Halifax study,
50 non-smoking homes were monitored in both the winter and summer of 2009, with
samples collected every 24 hours for 7 consecutive days (Health Canada 2012). In the
Edmonton study, 50 non-smoking homes were monitored in both the winter and
summer of 2010, with samples collected every 24 hours for 7 consecutive days (Health
Canada 2013). In the Ottawa study, 75 residential homes, of which 10 had smoking
indoors, were monitored during the winter of 2002/2003, with samples of 10 L of air at a
rate of 100 mL/min for 100 minutes (Zhu et al. 2005). Geometric mean concentrations of
MEK in indoor air ranged from 1.14 ug/m? to 9.81 ug/m?3, with 95th percentile values
ranging from 9.9 ug/m3to 51.63 ug/m?® (Zhu et al. 2005; Health Canada 2010a,b, 2012,
2013). Geometric mean MPK concentrations in indoor air ranged from 0.089 pg/m? to
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2.77 ug/m3, with 95th percentile values ranging from 1.34 pg/m?3to 12.77 yg/m? (Health
Canada 2010a,b, 2012, 2013).

MEK was also measured in all 36 indoor air samples from an Ottawa field study, with a
maximum concentration of 92.6 ug/m? (Won et al. 2019). MEK was also measured in
81% of the 54 indoor air samples from a Nunavik field study, with a maximum
concentration of 14.9 ug/m3 (Won et al. 2019).

As a conservative approach, the highest concentrations of MEK and MPK across all of
the indoor air studies were used to estimate general population exposures (92.6 ug/m?3
for MEK from the Ottawa field study and 12.77 ug/m?3for MPK from the Regina study).

MEK and MPK were also measured in personal air in the Windsor, Ontario air study
(Health Canada 2010a). Personal air samples were taken every 24 hours for 5
consecutive days in the 2005 study. Personal air samples take into account exposures
to MEK from both indoor and outdoor air at various locations including the home, office,
and during transit. The geometric mean and 95th percentile concentrations for MEK in
the summer were 8.79 ug/m?3 and 28.22 ug/ms3, respectively, which were higher than the
values for the samples collected during the winter (geometric mean of 4.24 ug/m3and
95th percentile of 11.44 ug/m?3). The geometric mean personal air concentrations of
MPK in the summer and winter were 2.91 ug/m?® and 1.44 ug/m3, respectively. The 95th
percentile concentrations for MPK in the summer and winter were 12.65 ug/m?® and
6.30 ug/m3, respectively (Health Canada 2010a).

MEK and MPK have very high water solubilities but, on the basis of their high vapour
pressures and moderate Henry’s law constants, they are expected to volatilize rapidly
from water (HSDB 1983- ). In addition, MEK and MPK are expected to biodegrade in
water, making it unlikely for water to be a major source of human exposure (VCCEP
2003; HSDB 1983- ). In 2000, MEK was not detected at above the limit of detection of
0.99 ug/L in potable water (sample size unknown) from Montreal, Quebec (Bernier
2000). No other Canadian data on the presence of MEK in water were identified. MEK
was detected in a limited number of drinking water studies in the U.S with low detection
frequencies (0.5% to 0.8% of samples) and concentrations ranging from 0.6 pg/L to
340 ug/L (Grady and Casey 2001; Delzer and Ivahnenko 2003; Grady 2003). No data
were identified on the presence of MPK in water in Canada. MPK was detected in
drinking water in Ottumwa, lowa at a concentration of 0.1 pg/L (0.1 ppb) and was
identified, but not quantified, in drinking water from 5 other US cities, as well as in
England (HSDB 1983- ). As a conservative approach and in order to estimate potential
drinking water exposures to MEK and MPK, the detection limit of 0.99 ug/L from the
Montreal study and the data from lowa (0.1 pg/L) for MEK and MPK, respectively, were
used.

For soils, one Canadian study was identified in which Golder Associates (1987)
surveyed levels of MEK in soil in 2 parkland areas in the vicinity of southern Ontario
petroleum refineries. MEK was detected in 19 of 30 soil samples, with a mean
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concentration of 5.78 pg/g (maximum: 25 ug/g). Using the maximum concentration of
MEK in soil resulted in general population exposures of below 1 ng/kg bw/day for all age
groups; therefore, exposure to MEK from soil is considered to be negligible. No
information on the presence of MPK in soil or sediment was identified for Canada or
elsewhere. ChemCAN v6.00 (ChemCAN 2003) was used to derive potential soil
concentrations of MPK using the quantity data from Table 4-1 (that is, 1,097,844 kg)
and assuming that the total import quantity was released into a single region of Canada
(that is, the Ontario Mixed-Wood Plain region). The estimated concentration of MPK in
soil was 0.0682 pg/kg and resulted in intakes of less than 1 ng/kg bw/day for the
general population of Canada, which are considered negligible.

Estimates of MEK and M[K exposure from environmental media (outdoor air, indoor air,
and drinking water) ranged from 16.9 ug/kg bw/day for people 60 years of age and older
to 51.0 pg/kg bw/day for people 6 months to 4 years of age and from 2.3 ug/kg bw/day
for people 60 years of age and older to 6.8 ug/kg bw/day for people 6 months to 4 years
of age, respectively (Health Canada 2024). More detail is available in Health Canada
(2024).

Food

MEK and MPK in food or as volatiles derived from food have been measured in most
food groups primarily as a result of their natural occurrence in plants or from production
by microbes (that is, fermentation). In addition, it has been noted that MEK and MPK
are used as flavouring agents in food, including baked goods, fats/oils, frozen dairy,
gelatins/puddings, non-alcoholic beverages, and soft candy (Burdock 2010). In Canada,
MEK is used as a food additive in natural extractives and in spice extracts; however, it is
expected to be a minor contributor of MEK exposure compared to natural occurrence in
foods. MEK (5 out of 12 samples) and MPK (4 out of 12 samples) were detected but not
quantified in human milk (Pellizzari et al. 1982).

The Joint Food and Agriculture Organization (FAO)/World Health Organization (WHO)
Expert Committee on Food Additives (JECFA) evaluated a group of 39 saturated
aliphatic acyclic secondary alcohols, ketones, and related saturated and unsaturated
esters used as food flavouring agents, including MEK and MPK (WHO 1999b). As part
of that evaluation, the Committee estimated the per capita intake of MEK and MPK from
their use as a food flavouring agent to be 0.6 ug/kg bw/day and 0.7 ug/kg bw/day,
respectively, for the US population and 2 ug/kg bw/day for both MEK and MPK for the
European population (see Appendix C for more details). In the absence of data on
actual use in Canada, these estimates of per capita intake are acceptable estimates of
possible dietary exposure to MEK and MPK from their use as food flavoring agents for
the general population (1 year of age and older).

Exposure is not expected when MEK and MPK are used as components in the
manufacture of food packaging materials and when MEK is used as a component in
incidental additives (cleaners) used in food processing establishments.
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Estimates of exposure for MEK and MPK based on their natural occurrence in food®
ranged from 66 ug/kg bw/day for 14- to 18-year-olds to 185 ug/kg bw/day for 1-year-
olds and from 68 ug/kg bw/day for 14- to 18-year-olds to 216 ug/kg bw/day for 1-year-
olds, respectively (see Appendix C for more details).

Products available to consumers
MEK

Based on notifications submitted under the Cosmetic Regulations to Health Canada,
MEK is used in certain cosmetic products in Canada such as face moisturizer and in
various nail care products including base coats, top coats, nail polish, nail polish
remover, nail adhesives, nail brush cleaners, nail hardeners, nail creams, products to
reduce drying time, and nail repair products (personal communication, emails from the
CHPSD, HC, to the ESRAB, HC, dated August 2016, April 2017, and November 2019;
unreferenced). The use of MEK in cosmetics functions as a solvent or a perfuming
agent (European Commission 2017).

Concentrations of inhalation exposure were derived for certain sentinel products (top
coat, nail polish, and nail polish remover) which represent the highest exposures when
compared to values for similar products using ConsExpo Web (2016). Table 7-2
summarizes the range of MEK concentrations for these various products, along with the
associated estimates of inhalation exposure. Only exposure estimates for people 6
months to 4 years of age and 12 years of age and older are shown; however, these
values represent the range of potential exposures for all age groups. Details on the
method and parameters used to estimate inhalation exposures to MEK from cosmetics
are available in Appendix D.

Table 7-2. Estimated inhalation exposures to MEK from the use of cosmetics

Product scenario | Max concentration? Mean event 7-hr TWAP

concentration (mg/m3)
(mg/m?)

Top coat o

(12 years and older) 55.7% 140 6.0

Nail polish (12 94.7% 520 433

years and older)

Nail polish

(6 months to 4 94.7% 180 15

years)

6 Infants 0 to 6 months old are assumed to be exclusively human milk-fed or formula-fed.
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Product scenario Max concentration? Mean event 7-hr TWAP

concentration (mg/m?3)
(mg/m3)

Nail polish remover o/c

(12 years and older) 84% 280 5.3

Nail polish remover

(6 months to 4 79.6% 230 4.4

years)

Abbreviation: TWA, time-weighted average

@ Personal communication, emails from the CHPSD, HC, to the ESRAB, HC, August 2016, April 2017, and
November 2019; unreferenced.

b 7-hour time-weighted average (TWA) concentrations were derived for all product scenarios to match up with the

exposure durations in the critical effects study used to characterize risk. 7-hr TWA = mean event concentration

(mg/m3) x exposure duration (min) / (7 x 60 min)

¢ Product not anticipated to be used by young children (personal communication, emails from the CHPSD, HC to the

ESRAB, HC, dated April 2017 and November 2019; unreferenced).

Although dermal exposure would be expected to contribute to the overall exposure from
use of products available to consumers, the primary route is considered to be inhalation.
Wilkinson and Williams (2001) measured a dermal absorption of less than 1% for MEK
in a non-occluded human in vitro study. Given the high volatility and low dermal
absorption of MEK, dermal exposure is considered to be minimal in comparison to
inhalation exposure; therefore, only inhalation estimates are presented.

Children’s products

MEK was identified in several different children’s products in the United States and
Denmark, including pacifiers and teething rings (WSDE 2020) as well as slimy toys
(Svendsen et al. 2005). It is considered that these MEK-containing products may also
be present on the Canadian market. Oral (mouthing) and inhalation exposures are
expected to be the main routes of exposure when these children’s products are used.

The potential oral exposure from mouthing toys or children’s objects containing MEK
was estimated using a pacifier and teether as sentinel exposure scenarios. MEK was
identified as a contaminant in pacifiers/teethers by the Washington State Department of
Ecology (WSDE 2020), with concentrations ranging from equal to or greater than 100
ppm to less than 500 ppm. Oral exposures estimated using the approach outlined in
Appendix D ranged from 110 ug/kg bw/day to 232 ug/kg bw/day for people 6 months to
4 years old and from 91 ug/kg bw/day to 300 ug/kg bw/day for people 0 to 6 months old.

Limited data were available regarding the migration of MEK from products available to
consumers. According to Svendsen et al. (2005), MEK did not migrate into artificial
sweat and saliva from slimy toys with concentrations of 2.3% and 9%. The breathing
zone concentration for slimy toys was estimated to be 0.079 ug/m? and 0.098 ug/m3
(Svendsen et al. 2005), which are lower than indoor air concentrations presented in the
environmental media section. Nilsson et al. (2006) analyzed MEK in adult toys using
headspace analyses and artificial sweat (pH of 4.5 and 6.5). Concentrations of MEK
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were 174 ng to 13,016 ng/180 minutes in headspace analyses, 12 uyg/dm? to 49 pg/dm?
in artificial sweat with a pH of 4.5, and 17 pg/dm?in artificial sweat with a pH of 6.5.

Other products available to consumers

MEK is reported as being found as a non-medicinal ingredient in a limited number of
currently licensed topical NHPs in Canada, including an antiseptic skin cleanser and an
acne therapy product (LNHPD [modified 2021]). The sentinel scenarios for cosmetics
are considered to address any exposures to MEK from the use of NHPs.

MEK is also used in numerous products available to consumers (CPID [modified 2019]).
Only product scenarios that result in the highest levels of potential exposure to MEK by
the inhalation route are presented in Table 7-3. Potential inhalation exposures were

estimated using ConsExpo Web (ConsExpo 2016). Appendix D summarizes the details
of the parameters used in each model.

Table 7-3. Estimated exposures to MEK from the use of products available to

consumers
. MEK Mean event 7-hr TWA?
Product scenario . concentration 3
concentration 3 (mg/m?)
(mg/m°)
Paint or coating
remover or stripper 20 to 40%? 1,800 to 3,500 257 to 500
(for example, lacquer
remover)
g\dheswe remover, 100%¢ 1,800 991
egreaser
Paint or coating 100% diluted to
thinners) 3% in coating® 840 120
Liquid paint (solvent- o/ d
rich) for truck bed 10 to 20% 110 to 210 3510 66
Spray products (for 1 to 75%8" 57 to 3,900 3.4 to 232
example, spray paint)
PVC primer only 15 to 40%° 7.7t0 18 4.4 to0 10
PVC cement only 5 to 70%" 2.6 to 18 1.5t0 10
PVC cement and 10 to 55% 12 to 48 7to 27
primer
Multi-purpose 3 to 100%K! 8.8 to 280 1.7 to 53
adhesive
Automotive choke and 1 to 5% 0.099t00.23 | 0.0035 to 0.0082
throttle cleaner
Water
repellent/protectant 10 to 25%" 44 to 110 6.28 to 15.7

(for example,
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Mean event

. MEK - 7-hr TWA?
Product scenario . concentration 3
concentration 3 (mg/m?)
(mg/m°)
windshield
cleaner/protectant
spray)

Abbreviation: TWA, time-weighted average

a 7-hour time-weighted average (TWA) concentrations were derived for all product scenarios to correspond with the
exposure durations in the critical effects study used to characterize risk. 7-hr TWA = mean event concentration
(mg/m?3) x exposure duration (min) / (7 x 60 min)

b SDS 2018a

¢SDS 2019a

4 SDS 2021

¢ SDS 2016a

fSDS 2019b

9 SDS 2019

h SDS 2018b

i This scenario describes the exposure from application of PVC cement primer, followed by PVC cement, at the
highest reported concentration for each product available to consumers in Canada, and post-application exposure to
potential residue remaining from the application event.

i Average from the use of both primer and cement.

kSDS 2019c

'SDS 2014a

m SDS 2019d

n SDS 2016b

MPK

On the basis of notifications submitted under the Cosmetic Regulations to Health
Canada, MPK is used in certain nail care products, including nail polish and nail
adhesives (personal communication, emails from the CHPSD, HC, to the ESRAB, HC,
dated November 2019 and December 2019; unreferenced). MPK was also identified in
several paint products (ECCC 2017b; CPID [modified 2019]).

Table 7-4 summarizes inhalation exposure estimates, obtained using ConsExpo Web
(ConsExpo 2016), for products available to consumers containing MPK. Similar to the
case of MEK, although dermal exposure may contribute to overall exposure during use
of products available to consumers, the primary route is considered to be inhalation;
therefore, only inhalation estimates are presented.

Table 7-4. Estimated exposures to MPK from the use of products available to
consumers

Product scenario MPK Mean event 6-hr TWA?
concentration concentration (mg/m3)
(mg/m?)

Liquid paint for steel
(high-solid) 1 to 10%° 87 to 870 3210 319
(20 years and older)
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Product scenario MPK Mean event 6-hr TWA?

concentration concentration (mg/m3)
(mg/m?3)

Nail adhesive/nail

polish (12 years and 1 to 3%° 4910 15 0.48 to 1.46

older)

{\'a" polish (6 months 0.3 to 1%:° 0.61t0 2 0.059 to 0.19

0 4 years)

Abbreviation: TWA, time-weighted average

@ 6-hour time-weighted average (TWA) concentrations were derived for all product scenarios to match up with the

exposure durations in the critical effects study used to characterize risk. 6-Hr TWA = Mean event conc. x exposure

duration / 6 x 60 min.

bECCC 2017b

¢ Personal communication, emails from the CHPSD, HC, to the ESRAB, HC, August 2016, April 2017, and November
2019; unreferenced.

7.1.2 Health effects assessment of subgroup 1 (MEK and MPK)

MEK and MPK are structurally similar monoketones that differ in chain length by only
one carbon. Owing to the similarity of the exposure effects of MEK and 2-butanol, as
well as the finding that 2-butanol is rapidly metabolized to MEK in rats, 2-butanol is used
as an analogue to inform the health effects assessment of this group. Toxicity data on
2-butanol have been used to read across to MEK or MPK where required (see in
Appendix A).

71.2.1 MEK

MEK has been reviewed by the OECD (1997a), the US EPA (2003a), and the ATSDR
(2020), and these reviews provide a basis for the health effects characterization in this
assessment. Literature searches were conducted beginning a year prior to the US EPA
(2003a) Integrated Risk Information System report up until October 2019. Targeted
literature searches were conducted up to March 2021. No health effect studies that
would impact the risk characterization (that is, result in different critical endpoints or
lower points of departure [POD] than those stated in US EPA 2003a) were identified.

Toxicokinetics

Orally administered MEK has been shown to be extensively absorbed from the
gastrointestinal tract of rodents and rapidly eliminated (Dietz et al. 1981, reviewed in US
EPA 2003a). Due to its high blood/air solubility ratio, it is also well absorbed in both
humans and rats upon inhalation exposure. Similarly, it was found to be rapidly
absorbed upon dermal exposure (Munies and Wurster 1965, reviewed in US EPA
2003a). The available information indicates that the metabolism of MEK is similar in
humans and laboratory animals, with 2-butanol and 2,3-butanediol being the major
metabolites (Perbellini et al. 1984; Liira et al. 1988, 1990a, reviewed in US EPA 2003a).
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In rats and guinea pigs, a small portion of absorbed MEK is reduced to 2-butanol, which
is rapidly oxidized back to MEK (US EPA 2003a). In humans, MEK appears to form
endogenously (since it has been identified as a minor but normal constituent of urine) as
a constituent in the serum and urine of diabetics, and in expired air (WHO 1992,
reviewed in US EPA 2003a).

Carcinogenicity and genotoxicity

The US EPA (2003a) concluded that the available “data are considered inadequate for
an assessment of human carcinogenic potential,” given that studies of humans
chronically exposed to MEK are inconclusive and that MEK has not been tested for
carcinogenicity in animals by the oral or inhalation routes. ATSDR (2020) has also
supported this conclusion and indicated that the preliminary epidemiological studies
suggest that occupational exposure to MEK does not increase the development of
neoplasms. Although the genotoxic effects of MEK have been examined using several
different test systems, they have been consistently negative in genotoxicity studies, both
in vitro and in vivo (US EPA 2003a).

Repeated-dose toxicity

No chronic-duration studies examining effects in animals following inhalation exposure
were identified. However, several shorter-term, repeat exposure inhalation studies of
MEK have been reported.

The reported health effects of MEK were primarily related to developmental effects
(discussed in the following section) as well as reversible neurological effects. Absolute
and/or relative organ weight increases, most frequently for liver, were also observed
(US EPA 2003; ATSDR 2020).

Reproductive and developmental toxicity

There are no studies evaluating the reproductive toxicity potential of MEK by any route
of exposure. Several studies investigating the potential for developmental toxicity after
inhalation to MEK were identified.

MEK is described in ATSDR (2020) as slightly fetotoxic, and the effects described were
reduced fetal weight, skeletal variations, and delayed or incomplete ossification.

The developmental toxicity study conducted by Deacon et al. (1981) exposed pregnant
rats to average MEK concentrations of 1,215 mg/m3, 2,955 mg/m3, and 8,865 mg/m?3 (in
whole body dynamic exposure chambers) for 7 hours/day on gestation days (GD) 6 to
15. Decreased body weight gain and increased water consumption were observed in
the dams at 8,865 mg/m?3, indicating maternal toxicity. At this dose, skeletal
abnormalities, including delayed ossification of the cervical centra and extra ribs, were
also observed in the pups.
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In a subsequent inhalation developmental toxicity study supporting the previous findings
of skeletal anomalies, pregnant mice were exposed to mean concentrations of 0 ppm,
398 ppm, 1,010 ppm, and 3,020 ppm (0 mg/m?3, 1,174 mg/m?3, 2,980 mg/m?3, and

8,909 mg/m?®) MEK by inhalation in whole body exposure chambers for 7 hours/day on
GD 6 to 15 (Schwetz et al. 1991, reviewed in US EPA 2003a). A slight but statistically
significant dose-related increase in absolute liver weight was observed in dams at

8909 mg/m?3 (an increase of approximately 7% when compared with the control). There
was a statistically significant decrease in mean fetal weight (5%, per litter) in males and
a 4% decrease for all fetuses combined at the highest dose tested. As exposure levels
increased, the incidence of fetuses with misaligned sternebrae also increased, showing
a positive trend. Other non-significant developmental effects (cleft palate, fused ribs,
missing vertebrae, and syndactyly) were observed in exposed groups but not in
controls. The no observed adverse effect concentration (NOAEC) for both maternal and
developmental adverse effects was considered to be 2,980 mg/m3, while the
developmental and maternal lowest observed adverse effect concentrations (LOAECSs)
were established at 8,909 mg/m?3 on the basis of the decreased fetal weight among
males, the increased incidence of misaligned sternebrae, and an increased relative liver
weight in dams. On the basis of the data for misaligned sternebrae (considered the
most protective endpoint), the US EPA (2003a) derived a lower limit on an effective
concentration using a 10 percent response level (LEC10)” of 5,202 mg/m?3 (95% lower
confidence on the concentration associated with a 10% extra risk) for intermittent
exposure (7 hours per day) and a LECHec® (human equivalent concentration adjusted
for continuous exposure) of 1,517 mg/m3.

A inhalation developmental toxicity study in pregnant rats exposed to 0 mg/m3, 2,950
mg/m3, 5,900 mg/m3, 11 800 mg/m?3, or 17,700 mg/m? (as whole body exposures) for
6 hours/day on GD 6 to 20 also indicated developmental and maternal effects
(Saillenfait et al. 2006). A NOAEC of 2,949 mg/m? was considered on the basis of
decreased fetal body weight observed at 5,899 mg/m3, while decreased maternal body
weight gain (52%), food consumption (12%), and increases in the incidence of
incomplete sternebrae ossification were also noted at 11,797 mg/m? and above
(Saillenfait et al. 2006). In another developmental study, developmental effects were
reported in the absence of maternal toxicity at 7,723 mg/m3, with a NOAEC of

3,322 mg/m?3 (Schwetz et al. 1974 as cited in US EPA 2003a).

In the absence of any reproductive studies for MEK nor any oral developmental toxicity
studies reported for MEK, a read-across from the oral reproductive and developmental
toxicity study with 2-butanol (which is rapidly metabolized to MEK in rats) was used. In a
multigenerational drinking water study, male and female Wistar rats were exposed to 2-

7 Concentration derived from benchmark concentration for developmental effects associated with a 10% extra risk in
mice exposed to MEK for 7 hours/day on GD 6 to 15 (as cited in US EPA 2003a).

8 Human equivalent derived from LECaoy) (5202 mg/m? x 7h/24h) for continuous exposure (as cited in US EPA
2003a).
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butanol concentrations of 0%, 0.3%, 1.0%, or 3.0% (equivalent to doses of 0

mg/kg bw/day, 538 mg/kg bw/day, 1,644 mg/kg bw/day, and 5,089 mg/kg bw/day [male
rats] and 0 mg/kg bw/day, 594 mg/kg bw/day, 1,771 mg/kg bw/day, and

4,571 mg/kg bw/day [female rats]) for 8 weeks before mating (Cox et al. 1975, reviewed
in US EPA 2003a). Because increased mortality and decreased body weight were
observed in the F1A litters at the 3% dose level, the high-dose was reduced to 2%
(average daily intake of 3,384 mg/kg bw/day in males and 3,122 mg/kg bw/day in
females) for the remainder of the study. FO females were mated again and F1A pups
mated to produce litters F2. Concentrations as high as 3% did not affect reproductive
performance in rats but did produce maternal toxicity (decreased body weight gain in
dams). As noted by the US EPA (2003a), this study did not include evaluation of certain
parameters routinely measured in studies of more current design. Deficiencies included
the lack of measurements of estrous cyclicity, sperm parameters, and weights of uterus,
epididymides, seminal vesicles, and brain; and less than complete clinical
chemistry/hematology and histopathology. A no observed adverse effect level (NOAEL)
of 1,771 mg/kg bw/day for 2-butanol for both maternal and developmental effects was
established. For decreased pup body weights at postnatal day 21 in the F1A generation
(representing the most sensitive effects observed), the US EPA (2003a) estimated a
lowest effective dose (LED)os (95% lower confidence limit on the effective dose [ED]) of
639 mg/kg bw/day for MEK (adjustment based on the molecular weights from the LEDos
of 657 mg/kg bw/day for 2-butanol).

No dermal developmental toxicity studies were identified for MEK or the analogue 2-
butanol.

Short-term and acute toxicity

Primates (4 juvenile baboons) exposed continually for 7 days to approximately

300 mg/m3 MEK were reported to show early signs of narcosis, incoordination, and
delayed reaction times in neurobehavioural tests (Geller et al. 1979). As discussed in
ATSDR (2020), the tests evaluated responses to a complex discriminant behavioural
task, which was able to detect subtle neurobehavioural effects. However, it was also
noted that only one exposure level was tested, that the observed effect decreased
somewhat near the end of the experiment, and that no statistical tests were performed
(IPCS 1993; ATSDR 2020).

Effects in humans

Neurological and respiratory effects are the most commonly examined effects of MEK
exposure in human volunteers and other occupationally exposed individuals (ATSDR
2020). Chronic occupational exposure to MEK has been examined in several
epidemiological studies reviewed by the US EPA (2003a). However, the available data
were considered to be inadequate to demonstrate an association between exposure to
MEK and chronic neurological, pulmonary, or other effects due to several limitations,
which include limited characterization of exposure or methodological issues.
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Mild central nervous system (CNS) effects (for example, headache, fatigue, and feelings
of intoxication) were observed in volunteer subjects exposed to approximately

300 mg/m? for 4 hours, with females scoring higher on symptom questionnaires
compared with men (Tomicic et al. 2011). Similar effects were also observed in other
studies at higher doses (Muttray et al. 2002; Dick et al. 1984, 1988, 1989, 1992 as
reviewed in US EPA 2003a; ATSDR 2020).

71.2.2 MPK

MPK has not been assessed by other agencies. The following health effects
assessment is based on the information identified from ECHA registration dossiers
(ECHA c2007-2019a) and the US EPA High Production Volume Information System
(HPVIS; US EPA 2010).

Toxicokinetics

No quantitative information on the absorption of MPK via any route of exposure was
identified. MPK is structurally similar to MEK and its metabolite 2-butanol; therefore, it is
expected that MPK will undergo similarly rapid and extensive absorption.

Carcinogenicity and genotoxicity

No oral, dermal, or inhalational carcinogenicity studies were reported for MPK. No
positive (Q)SAR model predictions or presence of structural alerts for genotoxicity or
carcinogenicity were found. In addition, MPK was not genotoxic in several in vitro
assays (that is, Ames tests, chromosomal aberration test, and mouse lymphoma assay;
ECHA ¢c2007-2019a).

Repeated-dose toxicity

In an oral repeat-dose toxicity study, CD male rats were administered MPK in drinking
water at concentrations of 0%, 0.25%, 0.5%, and 1.0% MPK (equivalent to doses of
0 mg/kg bw/day, 144 mg/kg bw/day, 250 mg/kg bw/day, and 454 mg/kg bw/day,
respectively) for a period of 13 months. The only effect reported was decreased body
weight gain (9%) at the highest dose tested (454 mg/kg bw/day). There were no
observed clinical effects, nor were there any changes to organ weights or histology.
Also, no pathological changes were observed in the central or peripheral nervous
systems (Bingham et al. 2001 as cited in HSDB 1983; US EPA 2010).

In a sub-chronic inhalation study, rats were exposed to MPK for 6 hours per day on a 5-

day per week basis for 13 weeks at concentrations of 250 ppm, 750 ppm, or 1,500 ppm

(880 mg/m3, 2,640 mg/m3, or 5,300 mg/m3, respectively). Test substance-related

observations included increased incidences of red material around the nose and facial

areas in females and microscopic findings in the nasal area, larynx, and thyroid in males

from all exposure groups. However, these effects were not considered adverse by the
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study authors. No effects on arousal-response were observed. The NOAEC was
reported in the Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH) Registration Dossier as being 5300 mg/m? for males and females (ECHA
c2007-2019a).

For the dermal route, no suitable study was identified.
Reproductive and developmental toxicity

In a combined inhalation reproductive/developmental toxicity study, SD rats were
exposed to up to 5,000 mg/m3 MPK 6 hours/day for 35 to 48 days (females) until GD19
and for 51 days (males) (ECHA c2007-2019a; US EPA AcToR 2015). At the highest
dose, both males and females were observed to have decreased alertness, reduced
activity level, and slower response to tapping on the chamber wall. No other significant
effects were reported. The NOAEC for reproductive and developmental toxicity was
reported in the REACH Registration Dossier as being 5,000 mg/m?3 (ECHA c2007-
2019a).

In a prenatal inhalation developmental toxicity study, female SD rats were exposed to
concentrations of 0 ppm, 250 ppm, 750 ppm, and 1500 ppm (equivalent to 0 mg/m3,
880 mg/m3, 2,650 mg/m3, and 5,300 mg/m?3, respectively) of MPK from GD 6 to 19
(ECHA c2007-2019a). No effects on mean body weights, body weight gains, net body
weights, net body weight gains, gravid uterine weights, or food consumption in any test
substance-exposed group were observed. No adverse effects on maternal animals or
effects on intrauterine growth, survival, and fetal morphology were observed at any
exposure level, including effects to arousal response. On the basis of these
observations, the study authors identified a NOAEC of 1,500 ppm (5,300 mg/m3) (the
highest exposure level evaluated) for maternal toxicity and embryo/fetal development.

The results of these studies indicate that MPK is not a developmental toxicant. In
addition, based on the results of OECD toolbox in silico prediction tools, there is no
structural alert indicating that MPK has any potential for inducing developmental toxicity.

No oral or dermal reproductive or developmental toxicity data are available for MPK.
7.1.3 Risk characterization of subgroup 1 (MEK and MPK)
MEK

Within the range of adverse effects on animals resulting from repeated inhalation
exposure to MEK, there is consistent evidence from studies in rats and mice that
developmental effects are the critical health effects, which occurred mainly in the
presence of slight maternal toxicity (ATSDR 2020). From among the available studies,
the US EPA (2003a) selected the study in mice by Schwetz et al. (1991), which has a
LEC1o0 for intermittent exposure (7 hours/day) of 5,202 mg/m? and a LECHec for
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continuous exposure of 1,517 mg/m3, based on the incidence of misaligned sternebrae
(US EPA 2003a). Therefore, these values were considered to be the most appropriate
PODs to use for the risk characterization of MEK.

In the absence of oral repeat-dose toxicity studies for MEK, the reproductive and
developmental drinking water toxicity study of 2-butanol in rats (Cox et al. 1975 as cited
in US EPA 2003a) was selected to characterize risk by the oral route. The US EPA

(2003a) estimated a LEDos (95% lower confidence limit on the effective dose, ED) of

639 mg/kg bw/day for MEK (adjustment based on the molecular weights from the LEDos

of 657 mg/kg bw/day for 2-butanol) on the basis of decreased pup survival and
decreased neonatal body weight in the presence of maternal toxicity.

The predominant source of exposure to MEK from environmental media (outdoor air,
indoor air, and drinking water) and food for the general population is through the diet
and, to a lesser extent, indoor air. On the basis of the available data, it is expected that
the maijority of dietary exposure to MEK results from its natural occurrence in foods.
Intake of MEK from its natural occurrence in food was not identified as a concern for

human health.

The general population of Canada may also be exposed to MEK when using various
products available to consumers that contain the substance, including nail products,
paints, and DIY products, primarily through inhalation. Table 7-5 provides relevant
exposure values and effect levels for critical health effects as well as the resultant
margins of exposure (MOEs) for the risk characterization of MEK.

Table 7-5. Relevant exposure and hazard values for MEK, as well as margins of
exposure, for characterization of risk

Exposqre Exposure Critical effect Critical health MOE
scenario level effect
Developmental
study for 2-
. butanol;
Enw!'oanmental 16910 51.0 1) Epgs = 6390 decreased fetal
media Ma/kg > 12,529
mg/kg bw/day and pup
(all age groups) bw/day weights, and
body weight
gain in dams
Envi Developmental
nvironmental study for 2-
media for residents | 80.6 to _ b y _
" LEDos = 639 butanol; 2,623 to
near facilities 243.6 ug/kg
i . mg/kg bw/day decreased fetal | 7,922
releasing MEK bw/day and pup
(all age groups) weights, and
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Exposure Critical effect Critical health
scenario Exposure level effect MOE
body weight
gain in dams
Developmental
study for 2-
Food flavouring butanol;
agent 0'6”:0 2.0 LEDos = 639° decreased fetal | 319.500
(oral) E\?v/dga mg/kg bw/day and pup ’
(1 year and older) y weights, and
body weight
gain in dams
Nail products LEC10 = 5,202 ilggir::r?s: of
(inhalation) 4.41t043.3 | mg/m3e misalianed 120 to
(6 months and mg/m3d (intermittent 9 : 1,182
older) exposure) sternebrae in
fetus
Developmental
study for 2-
. butanol;
Pacifiers and 0.09100.30 1 ppys = 630> | decreased fetal | 2,130 to
teethers (oral) mg/kg
mg/kg bw/day and pup 7,100
(O to 4 years) bw/day X
weights, and
body weight
gain in dams
Paint or coating
for oxample, | LECr=5202 | foeel
lacquer rem(;ver) 257 10 500 | mg/m>® misaligned 10 to 20
(inhalation) mg/m? (intermittent sternebrae in
(20 years and exposure) fetus
older)
dogremser | LECr=5202 | 1ol
(inhalation) 921 mg/m34d mg/m?® misaligned 6
(20 years and (intermittent sternebrae in
exposure)
older) fetus
Paint or coating LECio=5202 | ncoased
thinners (inhalation) 120 ma/m?3¢ mg/m3¢ misalianed 43
(20 years and 9 (intermittent 9 :
sternebrae in
older) exposure)

fetus
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Exposure

Critical effect

Critical health

scenario Exposure level effect MOE

Liquid paint Increased

(solvent-rich) for LEC10 = 5,202 incidence of

truck bed 35 to 66 mg/m?3¢ nct laned

(inhalation) mg/m3d (intermittent misaligned. 79 to 150
sternebrae in

(2|((j) yc)aars and exposure) fetus

older

Spre prodcts (o Eon-saz | POTEREd

paint) (in,halation) 3.4 to 232 mg/mgé misaligned 2210

20 years and mg/m?e (intermittent sternebrae in 1,530

(20y exposure)

older) fetus

Acute inhalation

exposure from PVC LEC10 = 5.202 Increased

comont E?irif«s to | 151010 | mg/m3* 'rﬂfs'gﬁgﬁgdd 520 to

70%) mg/m?>¢ (intermittent sternebrae in 3,468

(20 years and exposure) fetus

older)

Acute inhalation Increased

exposure from use LEC10 = 5,202 inciden f

of PVC cementand | 7 to 27 mg/m?3 e ncl f’. cedo 193 to

primer (10 to 55%) | mg/m3¢ (intermittent misa |gbne : 743

(20 years and exposure) sternebrae in

older) fetus

chosos LECr=5202 | foeel

(inhalation) 1.7t0 53 mg/maé misaligned 98 to

(20 years and mg/m?>¢ (intermittent sternebrae in 3,060

older) exposure) fetus

Automotive choke Increased

and throttle cleaner | 0.0035 to Ir_nf;?r;o?’; 5,202 incidence of 634,390

(inhalation) 0.0082 (intermittent misaligned to

(20 years and mg/m34d exposure) sternebrae in 1,486,286

older) fetus

Water

epelentpotecat Lec=sae | el

windshield 6.28 o 15.7 | mg/m’*® misaligned 331 to

mg/m3 ¢ (intermittent 9 : 828

cleaner/protectant exposure) sternebrae in

spray) fetus

(inhalation)
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Exposmllre Exposure Critical effect Critical health MOE
scenario level effect

(20 years and

older)

Abbreviations: LEC10, a lower limit on an effective concentration using a 10 percent response level; LEDos, lowest
effective dose (95% lower confidence limit on the effective dose [ED]); MOE, margin of exposure

@ This includes exposure from outdoor air, indoor air, and drinking water (Health Canada 2024).

b Molar adjustment calculated from read-across value (Cox et al. 1975 as cited in US EPA 2003a). Molecular weights
are 74.12 g/mol for 2-butanol, 72.11 g/mol for MEK, and 86.13 g/mol for MPK. Target MOE = 100 (x10 for
interspecies extrapolation; x10 for intraspecies variation).

¢The estimated intakes incorporate the highest estimated annual concentration of MEK in air (see Table 7-1)
associated with facilities that report their substance releases under the NPRI (2021) as well as from other
environmental media (Health Canada 2024).

d 7-hour time-weighted average (TWA)

¢ Schwetz et al. 1991 as cited in US EPA 2003a. Target MOE = 100 (x10 for interspecies extrapolation; x10 for
intraspecies variation)

MOEs for exposure to MEK in environmental media, including for populations living near
facilities that report releases to air, in food (from potential use as a food flavouring
agent), and in pacifiers and teethers, are considered adequate to address any
uncertainties in the available health effects and exposure data used to characterize risk.
The JECFA (WHO 1999b) concluded there was “no safety concern with the estimated
levels of intake as flavouring substances” on the basis of the dietary exposure estimates
for MEK.

The calculated MOEs for inhalation exposure to nail products, multi-purpose adhesives,
automotive choke and throttle cleaners, PVC cement and primers, and water
repellent/protectants (for example, windshield cleaner/protectant sprays) are considered
adequate. However, inhalation exposure to MEK from other products available to
consumers (that is, paint or coating removers or strippers [for example, lacquer
removers], adhesive removers, degreasers and paint or coating thinners, liquid paints,
and spray products including spray paints) are considered inadequate to account for
uncertainties in the available health effects and exposure data.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated, and developmental and
reproductive toxicity studies were evaluated for potential adverse health effects. In
addition, the potential for elevated exposure of people living near facilities that may
release MEK to air was considered in the assessment.

MPK

No carcinogenicity studies were identified for MPK. However, there were no positive
(Q)SAR model predictions or structural alerts for carcinogenicity. In addition, MPK was
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not genotoxic in several in vitro assays. In the only available oral toxicity study, minimal
effects (slightly decreased body weight gain) were reported in rats at the highest dose of
MPK administered in drinking water for 13 months (Bingham et al. 2001 as cited in
HSDB 1983- ); the NOAEL is considered to be 454 mg/kg bw/day. With respect to
inhalation exposure, no adverse effects, other than slight transient neurotoxicity in rats
during exposure, were observed in studies in which NOAECs of 5,000 mg/m? and

5,300 mg/m?® were identified (ECHA c2007-2019a).

The predominant source of exposure to MPK from environmental media and food for
the general population is through diet. Based on the available data, it is expected that
the majority of dietary exposure to MPK results from its natural occurrence in food.

Comparing the exposure estimates for MPK from environmental media

(2.3 pg/kg bw/day to 6.8 pg/kg bw/day) and from its potential use as a flavouring agent
in food (0.7 pg/kg bw/day to 2.0 ug/kg bw/day) with the NOAEL of 454 mg/kg bw/day
resulted in MOEs greater than 66,765, which are considered adequate to address any
uncertainties in the available health effects and exposure data used to characterize risk.
Additional intake of MPK from its natural occurrence in food was not identified as a
concern for human health. Furthermore, the JECFA (WHO 1999b) concluded that there
is “no safety concern with the estimated levels of intake as flavouring substances” on
the basis of the dietary exposure estimates for MPK.

The general population of Canada may also be exposed to MPK when using products
available to consumers that contain the substance, including paints and nail products,
primarily through inhalation. Given the low hazard potential of MPK via inhalation, the
risk to human health related to the presence of MPK in products available to consumers
is considered to be low.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated, and developmental and
reproductive toxicity studies were evaluated for potential adverse health effects.

7.1.4 Uncertainties in the evaluation of risk to human health for MEK and
MPK

The key sources of uncertainty are presented in Table 7-6.

Table 7-6. Sources of uncertainty in the risk characterization
Key sources of uncertainty Impact
Assumption that dermal exposures are minimal in comparison to inhalation | -
exposures, given the high volatility of the substances.
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Key sources of uncertainty Impact
Assumption that all of the MEK present in teethers or pacifiers can leach out | +

of the product.
Lack of chronic oral or inhalation studies for MEK or MPK. +/-
The use of 2-butanol as a read-across to assess repeated-dose toxicity and | +/-
reproductive/developmental toxicity for MEK.
No data are available regarding the toxicity of MEK following long-term oral | +/-
exposure; however, the use of 2-butanol, a major metabolite of MEK, was

considered an appropriate analogue for use in risk characterization.
+ = uncertainty with potential to cause overestimation of exposure/risk; - = uncertainty with potential to cause
underestimation of exposure risk; +/- = unknown potential to cause over- or underestimation of risk.

7.2 Assessment of subgroup 2 (MIBK, MIAK, and DAA)
7.2.1 Exposure assessment of subgroup 2 (MIBK, MIAK, and DAA)
Environmental media

MIBK was monitored by the NAPS program (ECCC 2017a). Measured concentrations of
MIBK in ambient air were compiled from 64 NAPS monitoring stations across Canada
from 2006 to 2010. During that period, the mean and 95th percentile 24-hour
concentrations of MIBK from the various stations ranged from 0.014 pug/m?3 to

0.29 pyg/m3 and 0.08 pug/m?3 to 1.05 pg/m3, respectively (ECCC 2017a).

Information available from the HAMN in Ontario indicates that MIBK concentrations
measured over various 24-hour periods between 2015 and 2019 in ambient air at 3
locations within the Hamilton industrial sector ranged from below the RDL (0.41 ug/m?3)
to a maximum of 6.55 ug/m3. The average concentrations from these sites ranged from
levels below the RDL to 0.42 ug/m3 (HAMN 2020).

Geometric mean ambient air concentrations of MIBK from the 5 Canadian air studies
referred to in section 6.1.1 ranged from less than 0.016 ug/m?3 to 0.185 ug/m?3, while 95th
percentile concentrations ranged from 0.086 pug/m3to 0.470 ug/m3 (Zhu et al. 2005;
Health Canada 2010a,b, 2012, 2013). The highest concentration (6.55 ug/m?3 from the
HAMN) was used to estimate general population exposures. No information or data on
MIAK and DAA in ambient air were identified in Canada or elsewhere.

As MIBK can be used by facilities and is reported to be released to air in Canada (see
section 4), the US EPA model SCREENS3 (1996) was used to estimate levels of MIBK in
ambient air attributable to on-site releases to air from facilities using the substance, as
reported from the NPRI. The results of these modelled concentrations are presented in
Table 7-7, and input parameters for the model can be found in Appendix B. The highest
estimated annual concentration of MIBK in ambient air (30 ug/m?®) was used to estimate
potential high-end exposures to residents living near facilities releasing MIBK to air.
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Table 7-7. Estimated concentrations of MIBK from on-site releases to air

Exposure parameter Concentration of MIBK (ug/m?)
1-hour maximum concentration 1.62 to 150
24-hour maximum concentration? 0.65 to 60
Annual concentration® 0.325 to 30

a Assuming a continuous release occurring over a 24-hour period and considering the changing wind direction over
this period, a maximum 24-hour average concentration is estimated by multiplying the maximum 1-hour concentration
by a factor of 0.4 (US EPA 1992).

b For exposures over the span of a year, it can be expected that, with changing wind directions, the air concentrations
of a substance within an area release source may not vary to the same extent as those of point release sources. The
meteorological conditions giving rise to a maximum 1-hour exposure can persist for a longer duration; thus, the
maximum concentration for 1 year is determined by multiplying the maximum 1-hour concentration by a factor of 0.2
(US EPA 1992).

MIBK was measured in the CHMS Cycle 2 Indoor Air Study and was detected in
approximately 96% of the samples. The geometric mean concentration of MIBK from
this study was 0.235 pg/m3, with a 95th percentile concentration of 1.62 pg/m?3
(weighted data at the household level) (Zhu et al. 2013). MIAK was also measured in
the CHMS Cycle 2 Indoor Air study but was only detected in 1.45% of samples (limit of
detection of 0.19 yg/m?3). Similar indoor air concentrations for MIBK and detection rates
for MIAK were observed in cycle 3 of the CHMS (2012—-2013) (Li et al. 2019).

Geometric mean MIBK concentrations from the 5 Canadian indoor air studies ranged
from 0.14 ug/m3to 1.33 ug/ms3, with 95th percentile concentrations ranging 0.33 pg/m?3
to 13.82 ug/m?3 (Zhu et al. 2005; Health Canada 2010a,b, 2012, 2013). MIBK was also
measured in 94% of the 36 indoor air samples from an Ottawa field study (maximum
concentration of 5.5 pg/m?3) and in 6% of the 54 indoor air samples from a Nunavik field
study (maximum concentration of 0.6 pug/m3) (Won et al. 2019).

MIAK was measured in 24 indoor air samples from a Quebec field study, with a
geometric mean concentration of 0.23 pg/m?3and a maximum concentration of

1.51 ug/m3 (Won and Lustyk 2011). DAA was measured in 15% of indoor air samples
from the Nunavik field study, with a maximum concentration of 2.4 ug/m? (Won et al.
2019).

The following indoor air concentrations were conservatively used to estimate general
population exposures: the 95th percentile concentration of 13.82 ug/m?3 for MIBK from
the Windsor study, the maximum indoor air concentration of 1.51 ug/m?3 for MIAK from
the Quebec study, and the maximum concentration of 2.4 ug/m?3 for DAA from the
Nunavik study.

Personal air samples were also measured for MIBK in the Windsor study (Health
Canada 2010a). The geometric mean personal air concentration of MIBK in the summer
and winter were 1.04 yg/m?3 and 0.23 ug/m3, respectively. The 95th percentile
concentrations for MIBK were 7.96 yg/m?® and 0.99 ug/m? in the summer and winter,
respectively (Health Canada 2010a).
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No studies measuring MIBK, MIAK, and DAA in drinking water in Canada were
identified. No further information on the presence of MIAK in water elsewhere was
identified. In a study conducted in the US, MIBK was detected in 3 out of 646 drinking
water samples with concentrations ranging from 16 pg/L to 20 pg/L (Grady and Casey
2001). MIBK was also measured in several surface water studies (Sheldon and Hites
1978; Hall et al. 1987; Benfenati et al. 1992; Bianchi and Varney 1998). In addition,
elevated concentrations of MIBK were found in groundwater, effluent, and leachate in
the vicinity of landfill sites, oil reprocessing facilities, and sewage treatment plants
(Mutch et al. 1983; Sabel and Clark 1984; Sawhney and Kozloski 1984; US EPA 1988;
Canter and Sabatini 1994; Paxéus 1996). The maximum value of 20 pg/L reported in
US drinking water was used to estimate general population exposures to MIBK.
ChemCan v6.00 (ChemCAN 2003) was used to derive concentrations of MIAK and DAA
in surface water using quantity data from Table 4-1 and assuming that total import
quantity was released into a single region of Canada (that is, the Ontario Mixed-Wood
Plain region). Estimated surface water concentrations for MIAK and DAA were

0.15 ng/L and 46.6 ng/L, respectively, and were used to estimate drinking water intakes
for the general population of Canada.

No information or data on MIBK, MIAK, and DAA in soil were identified in Canada. DAA
was qualitatively detected in sediment in a lake in Saskatchewan, Canada (HSDB 1983-
)- Using an approach similar to that used to derive the surface water concentrations
noted above, ChemCan (2003) was used to derive concentrations of MIBK, MIAK, and
DAA in soil. Soil concentrations for MIBK, MIAK, and DAA were 0.13 ug/kg,

0.006 pg/kg, and 3.4 ng/kg, respectively; therefore, exposure to these substances from
soil is considered to be negligible (intakes of less than 1 ng/kg bw/day).

Estimates of exposure from environmental media ranged from 2.7 ug/kg bw/day for
people 60 years of age and older to 8 ug/kg bw/day for people 6 months to 4 years of
age for MIBK; from 0.3 pg/kg bw/day for people 60 years of age and older to

0.9 ug/kg bw/day for people 6 months to 4 years of age for MIAK; and from

0.48 ug/kg bw/day for people 60 years of age and older to 1.44 pg/kg bw/day for people
6 months to 4 years of age for DAA (Health Canada 2024). More details are available in
Health Canada (2024).

Food

MIBK was detected in various food items owing to its natural occurrence, including in
beer, brandy, chicken, fruit, olive oil, eggs, coffee, and cow’s milk (Nijssen et al. 1963-
2018; Burdock 2010). MIBK is also cited as being used as a flavouring ingredient in
baked goods, frozen dairy, gelatins/puddings, meat products, non-alcoholic beverages,
and soft candy (Burdock 2010). MIBK was detected (two out of 12 samples) but not
quantified in human milk (Pellizzari et al. 1982).

The JECFA also evaluated a group of 39 saturated aliphatic acyclic secondary alcohols,
ketones, and related saturated and unsaturated esters, including MIBK, used as food
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flavouring agents (WHO 1999b). As part of that evaluation, the Committee estimated
the per capita intake of MIBK from its use as a food flavouring agent to be

0.03 pg/kg bw/day for the US population and 0.12 pg/kg bw/day for the European
population (see Appendix C for more details). In the absence of data on actual usage in
Canada, the per capita intake estimates are acceptable estimates of possible dietary
exposure to MIBK from its use as food flavoring agent for the general population (1 year
of age and older).

MIAK was identified as naturally occurring in a few food items, including coffee

(0.5 pg/g) and papaya (0.001 pg/g) (Nijssen et al. 1963-2018), roasted filberts, fried
bacon, cooked beef, and cooked pork (HSDB 1983- ). DAA was detected as a natural
component in various food items including fruit, vegetables, dairy, honey, nuts, eggs,
chicken, and alcoholic beverages (Nijssen et al. 1963-2018).

Exposure is not expected when MIAK and DAA are used as components in the
manufacture of food packaging materials.

Quantitative exposure estimates for MIBK, MIAK, and DAA from their natural
occurrence in food® ranged from 0.4 ug/kg bw/day for 4- to 8-year-olds to 32 ug/kg
bw/day for adults 19 years and older for MIBK, from 0.001 pg/kg bw/day for 1-year-olds
to 3 pg/kg bw/day for adults 19 years and older for MIAK, and from 0.04 ug/kg bw/day
for 6- to 12-month-olds to 4 ug/kg bw/day for 2- to 3-year-olds for DAA (see Appendix C
for details).

Biomonitoring

As part of the fifth cycle of the Canadian CHMS (2016 to 2017), MIBK was measured in
73.4% of whole blood samples from 2363 individuals representing the Canadian
population aged 12 to 79 years (Health Canada 2019). The CHMS is an ongoing,
nationally representative survey that collects important health and wellness data as well
as biological samples from individuals across the country. The geometric mean and
95th percentiles of MIBK were 0.04 ug/L and 0.12 ug/L, respectively. The limit of
detection was 0.029 ug/L. These data support the conclusion that there are potential
chronic exposures to MIBK among the general Canadian population.

Products available to consumers
MIBK
MIBK was identified as being present as a non-medicinal ingredient in rubbing alcohol,

licensed as an NHP, meant for topical use with a concentration of 0.98% (personal
communication, email from the NNHPD, HC, to the ESRAB, HC, dated August 16,

9 Infants 0 to 6 months old are assumed to be exclusively human milk-fed or formula-fed.
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2016; unreferenced). ConsExpo Web (2016) was used to estimate inhalation exposures
to MIBK from use of this product for children 6 months to 4 years of age and adults 20
years and older. Parameters used in the model are outlined in Appendix D. The mean
event concentration, regardless of age group for this exposure scenario, was estimated
to be 0.19 mg/m3, the mean concentration on the day of exposure was estimated to be
2.7E-4 mg/m?3, and the 6-hour time weighted average was estimated to be 0.003 mg/ms3.
Although dermal exposure could contribute to the overall exposure during use of
products available to consumers, the primary route is considered to be inhalation in light
of the high volatility of MIBK; therefore, only inhalation exposure estimates are
presented.

On the basis of notifications submitted under the Cosmetic Regulations to Health
Canada, MIBK is used in certain cosmetic products in Canada, such as temporary
tattoos and in nail care products including nail polish, nail polish removers, and nail
adhesives (personal communication, email from the CHPSD, HC, to the ESRAB, HC,
dated November 2019; unreferenced).

MIBK is used in a variety of other products available to consumers that may result in
exposure to the general population of Canada (CPID [modified 2019]). Only product
scenarios that result in the highest levels of potential inhalation exposure to MIBK are
presented in Table 7-8. Incidental oral exposures for people 6 months to 4 years of age
and 5 to 11 years of age (representing the highest exposed age groups) from the use of
dry erase markers were also estimated, with per event exposure estimates ranging from
0.16 mg/kg bw to 0.48 mg/kg bw and from 0.32 mg/kg bw to 0.97 mg/kg bw for people 5
to 11 years of age and 6 months to 4 years of age, respectively. Potential exposures
were estimated using ConsExpo Web (ConsExpo 2016) or relevant algorithms; see
Appendix D for details.

Table 7-8. Estimated exposures to MIBK from the use of products available to
consumers

Product scenario MIBK Mean event 6-hr TWA?

concentration | concentration (mg/m3)
(mg/m°)

Nail adhesive (12 years and 1to 3% 4110 12 041012

older)

Nail polish (6 months to 4 0.3 to 1%° 0.42to14 | 0.041t00.14

years)

Nail polish remover (12 years 10 to 30%¢ 18 10 56 041012

and older)

Nail polish remover (6 months 10 to 30%¢ 1110 35 021008

to 4 years)

Temporary tattoos (6 months o 0.0005 to

and older) 1 to 3%° 0.0351t0 0.1 0.001

Wood lacquer 2.5 to 10%¢ 670 to 2,600 112 t0 433
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Product scenario MIBK Mean event 6-hr TWA?
concentration | concentration (mg/m?3)
(mg/m®)

(20 years and older)

Liquid paint (solvent-rich) for

truck bed liners, appliances 10 to 15%° 100 to 150 37 to 55

(20 years and older)

Spray products (for example,

spray paint) 0.4 to 25%"9 21to0 1,100 1.51t076

(20 years and older)

Filler/putty from tube

(automotive) 1to 5%" 6.7 to 28 1t05

(20 years and older)

Dry erase marker (inhalation)

(all age groups)

Abbreviation: TWA, time-weighted average

@ 6-hour time-weighted average (TWA) concentrations were derived for all product scenarios to match up with the

exposure durations in the critical effects study used to characterize risk. 6-Hr TWA = Mean event conc. x exposure

duration / 6 x 60 min.

b Scenario covers the use of regular nail polishes.

¢ Personal communication, emails from the CHPSD, HC, to the ESRAB, HC, August 2016, April 2017, and November
2019; unreferenced.

4SDS 2016¢

e SDS 2021

fSDS 2020

9 8DS 2017a

h SDS 2018c
T SDS 2015b

10 to 30%! 1.210 3.6 0.1t0 0.45

MIBK has been measured in recycled tire crumb rubber as well as in the air above
synthetic turf fields (US EPA 2009a; US EPA & CDC/ATSDR 2019; Schneider et al.
2020a,b). Recycled tire crumb rubber may be used as infill or top dressing in sports
fields as well as in sports centre and playground surfaces in Canada (Cantin 2009; AR
2017). The studies that measured MIBK in air samples collected at synthetic turf fields
or playgrounds were considered most relevant to the general population of Canada. The
US EPA (2009a) conducted a scoping study that sampled 3 synthetic turf fields and one
playground, with air concentrations ranging from not detected to 0.13 ppbV

(0.53 pg/m3). Schneider et al. (2020a,b) conducted a number of studies on recycled tire
crumb, which involved analyzing infill samples and collecting air samples from 17 sports
fields in Europe, including one indoor facility. The authors noted that the highest MIBK
concentration came from an outdoor facility (Schneider et al. 2020b). The arithmetic
mean concentration of MIBK from all sports facilities was 3.32 pug/m?3 (median of

0.15 pg/m3) and the 95th percentile air concentration was 17.85 ug/m3. The 95th
percentile concentration is lower than the highest estimated annual concentration of
MIBK in ambient air (30 ug/m3), which was used to estimate potential high-end
exposures to residents living near facilities releasing MIBK to air. Consequently,
estimates of exposure to MIBK for individuals playing sports on synthetic turf or playing
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in playgrounds with synthetic turf would be lower than those estimated for individuals
living near facilities reporting the release of MIBK to air.

MIAK

MIAK was identified in an automotive coating repair pen at 3% to 7% (SDS 2015c; CPID
[modified 2019]). The mean event concentration derived from ConsExpo Web
(ConsExpo 2016) for an adult using an automotive coating repair pen containing MIAK
ranged from 1.5 mg/m?3 to 3.5 mg/m?3, while the 6-hour TWA concentrations ranged from
0.125 mg/m? to 0.29 mg/m? (see Appendix D for more details). Although dermal
exposure could contribute to the overall exposure during use of products available to
consumers, the primary route is considered to be inhalation in light of the high volatility
of MIAK; therefore, only inhalation estimates are presented.

DAA

On the basis of notifications submitted under the Cosmetic Regulations to Health
Canada, DAA is used as a solvent or as an odour masking agent in certain cosmetic
products in Canada, such as eyeliner stickers and in various nail care products
including base-coats, top-coats, nail polish, nail polish removers, and nail hardeners
(personal communication, emails from the CHPSD, HC, to the ESRAB, HC, dated
August 2016, April 2017, and November 2019; unreferenced).

Inhalation exposure estimates were derived for certain sentinel products (nail polish and
eyeliner stickers), which represent the highest exposures when compared to similar
products. Table 7-9 summarizes the concentration range for the various product
scenarios, along with the associated inhalation exposure estimates. Details on the
method and parameters used to estimate inhalation exposures to cosmetics are
available in Appendix D.

Dermal exposure to DAA from use of these products is also possible and, unlike the
other ketones described thus far, is more likely given its lower vapour pressure and high
water solubility. A human in vitro dermal absorption study was identified, which found
that the amount of DAA that penetrated the skin after 10 minutes, 60 minutes, and

24 hours was 0.04%, 0.15%, and 5.71% of a 25 mg/cm? dose, respectively (Fasano and
McDougal 2008; ECHA ¢c2007-2019b). Table 7-9 includes the estimated systemic
dermal exposures, assuming 6% dermal absorption through the skin.
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Table 7-9. Estimated inhalation and dermal exposures to DAA from the use of

cosmetics
Product Maximum Mean event 6-Hr TWAP | Systemic
scenario | concentration? | concentration (mg/m3) dermal
(mg/m?3) exposure®
(mg/kg -
bw/event)
Nail polish
(12 years 10% 35 0.34 0.00(1)16t0
and older) '
Nail polish (6
months to 4 10% 3.1 0.30 0.023
years)
Eyeliner
sticker (12 o 0.007 to
years and 30% 0.67 1.3 0.008
older)

Abbreviation: TWA, time-weighted average

a Personal communication, emails from the CHPSD, HC, to the ESRAB, HC, dated August 2016, April 2017, and
November 2019; unreferenced.

b6-hour time-weighted average (TWA) concentrations were derived for all product scenarios to correspond with the
exposure durations in the critical effects study used to characterize risk. 6-Hr TWA = Mean event conc. x exposure
duration / 6 x 60 min.

¢ A dermal absorption factor of 6% was incorporated.

DAA was identified in pipe thread sealants, spray products including paints, cleaners,
automotive products, and paint thinners (used to dilute lacquers and clean brushes).
Table 7-10 summarizes the inhalation and dermal exposure scenarios for paint and DIY
products available to consumers containing DAA, obtained using ConsExpo Web
(ConsExpo 2016) (details in Appendix D).

Table 7-10. Estimated inhalation exposures to DAA from the use of products
available to consumers

Product DAA Mean event Internal Systemic
scenario concentration | concentration | inhalation dose dermal
(mg/m?3) on day of exposure?
exposure (mg/kg
(mg/kg bw/day) bw/event)
Pipe thread
sealant 20 to 30%" 35 to 51 13102 0.014 t0 0.02
(20 years
and older)
Automotive
choke 1 to 30%°4 13 to 110 0.032 t0 0.26 0.01310 0.38
cleaner
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Product DAA Mean event Internal Systemic
scenario concentration | concentration | inhalation dose dermal
(mg/m?3) on day of exposure?
exposure (mg/kg
(mg/kg bw/day) bw/event)

(spray) (20
years and
older)
Paint/marker
remover
(spray) 7%* 71 0.22 0.089
(20 years
and older)
Spray paint

(20 years 110 5% 21t 72 0.0851t00.28 | 0.017 to 0.085
and older)
Paint thinner
(for epoxy
paint) (20 5to 10%*° 55 to 71 0.26 t0 0.34 0.09100.18
years and

older)
@ A dermal absorption factor of 6% was incorporated.
b SDS 2013

¢SDS 2011

4SDS 2012b

¢ SDS 2018d

fSDS 2012a

98DS 2017b

DAA was also identified in permanent markers (CPID [modified 2019]; SDS 2008,
2012c, 2014b). These products may be used by young children; therefore, incidental
oral and dermal exposures were estimated. A concentration of 100% was assumed on
the basis of limited data available on the quantity of DAA in markers. Per event
incidental oral exposure estimates from the use of permanent markers were 1.6

mg/kg bw and 3.2 mg/kg bw for children 5 to 11 years of age and 6 months to 4 years of
age, respectively. The daily systemic dermal exposure estimates, assuming a dermal
absorption of 6%, ranged from 0.002 mg/kg bw/day for adults 20 years of age and older
to 0.005 mg/kg bw/day for children 5 to 11 years of age (children 6 months to 4 years of
age were assumed not to use permanent markers on a daily basis). Any inhalation
exposures to DAA from use of permanent markers are considered to be included in the
conservative oral or dermal exposure estimates (details in Appendix D).

7.2.2 Health effects assessment of subgroup 2 (MIBK, MIAK, and DAA)

MIBK and MIAK are structurally similar compounds, differing in chain length by only one
methyl group. Biologically, they are likely to have similar interactions and metabolites in
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the body. DAA has been included in this subgroup as it is a primary metabolite of MIBK.
It is likely to have similar metabolic clearance and is possibly responsible for some of
the biological effects seen following MIBK exposure. Effects common to all 3 chemicals
include decreased body weight, increased kidney and liver weights, and CNS
depression. While no data on the metabolism of MIAK was identified, the structural
similarities to MIBK suggest it would have analogous metabolites and metabolic rates. A
summary of the toxicity data for this subgroup can be found in Table A-2 in Appendix A.

7.2.2.1 MIBK

MIBK has been reviewed by OECD (1996), IPCS (1997), US EPA (2003b), IARC
(2013), NICNAS (2017), and ECHA (2019). These reviews provide a basis for the health
effects characterization in this assessment. A literature search was conducted from a
year prior to the OECD SIDS SIAR (1996) up to January 2019. Based on a two-year
inhalation carcinogenicity study by the NTP (2007b) in 2 mammalian species (rat and
mouse), IARC classified MIBK as group 2B (“possibly carcinogenic to humans”) with
sufficient evidence of carcinogenicity in experimental animals (IARC 2013). MIBK is
classified in the European Union (EU) as “suspected of causing cancer” (Carc. 2B) by
ECHA (2019). Whereas the IARC (2013) report was the basis for characterization of
cancer effects, the US EPA (2003b) was the basis for characterization of non-cancer
effects of MIBK.

Toxicokinetics and metabolism

MIBK is rapidly absorbed following oral, inhalation, and dermal exposure (Hjelm et al.
1990; Hjelm et al. 1991; Duguay and Plaa 1995 as cited in US EPA 2003b and NTP
2007b). The major metabolite detected in the plasma of rats administered MIBK by
gavage was DAA, with somewhat lesser amounts of 4-methyl-2-pentanol (DiVincenzo et
al. 1976; Duguay and Plaa 1995 as cited in NTP 2007b and US EPA 2003b). However,
4-methyl-2-pentanol was the major metabolite (about twice as much as DAA) detected
in the lung of rats following inhalation exposure. In humans, inhalation exposure to
concentrations of 10 mg/m3, 100 mg/m3, or 200 mg/m3 MIBK for 2 hours resulted in a
pulmonary retention of about 60%, with mean blood clearance of 1.6 L/h/kg, and about
0.04% of the total dose was excreted unchanged in the urine within 3 hours post-
exposure (Hjelm et al. 1990 as cited in NTP 2007b). With respect to dermal exposure,
the percutaneous uptake rate of MIBK in exposed guinea pigs ranged from

0.11 ymol/min/cm to 2.0 ymol/min/cm and averaged 1.1 ymol/min/cm (Hjelm et al. 1991
as cited in US EPA 2003b).

Carcinogenicity and genotoxicity

In a two-year inhalation study in male and female mice and rats, with exposures of 0,
450, 900, or 1,800 ppm (corresponding to approximately 0, 1840, 3,681 and

7,362 mg/m?3) for 6 hours per day, 5 days per week, MIBK increased the incidences of
hepatocellular adenoma as well as hepatocellular adenoma and carcinoma combined in
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male and female mice; it also increased incidences of renal tubule adenoma as well as
renal tubule adenoma and carcinoma combined in male rats. Additionally, 2 rare renal
malignant mesenchymal tumours were observed in high-dose female rats at a
concentration of 7,362 mg/m3 (NTP 2007b; IARC 2013). 2 rare renal malignant
mesenchymal tumours and an increased incidence of mononuclear cell leukemia were
also observed at the highest dose in rats. The incidence of renal effects in rats,
including chronic nephropathy, was significantly increased, with an increasing trend in
severity. Although the pathological changes in male rats were consistent with the
spectrum of a2u-globulin-induced nephropathy, and hyaline droplet formation has been
reported in MIBK-exposed male rats in shorter-term studies (for example, Phillips et al.
1987; Nemec et al. 2004 as cited in NTP 2007b), in light of the observation of
nephropathy in female rats also, the NTP (2007b) stated that renal tumours may arise
independently of a a2u-globulin mechanism. Further, IARC (2013) determined that the
relevance of kidney tumours in rats to humans could not be excluded.

Subsequent to the publication of the NTP (2007b) report and the IARC (2013)
monograph, recent studies have suggested that the MIBK-induced kidney and liver
tumours in rodents were induced by mechanisms such as a2u-globulin nephropathy and
constitutive androstane receptor (CAR)-mediated mode of action, respectively, which
are not relevant to humans (Borghoff et al. 2015; Hughes et al. 2016). In a review of
these data, NICNAS (2017) concluded that, while the evidence supports the conclusion
that liver tumours in mice arise from activation of the CAR, a mechanism other than that
involving a2u-globulin may be responsible for the renal tumours in rats. This conclusion
was also supported in the review by ECHA (2019). This information, along with the
observation of mononuclear leukemia in male rats and the renal mesenchymal tumours
in female rats, supports the conclusion that tumours in rats are relevant to humans and
are sufficient to classify MIBK as a Category 2 carcinogen according to the Globally
Harmonized System (GHS) of Classification and Labelling of Chemicals.

On the basis of numerous in vivo and in vitro studies, MIBK is not considered genotoxic
(NTP 2007b; IARC 2013; ECHA 2019).

Repeated-dose toxicity

Repeated inhalation and oral exposure to MIBK has been associated with effects on
liver and kidney weights, biochemical parameters, or CNS in rats and/or mice at
concentrations starting at 410 mg/m? (MacEwen et al. 1971; Phillips et al 1987; David et
al. 1999, all as cited in US EPA 2003b).

In the two-year inhalation study in male and female mice and rats described above, the
LOAEC corresponding to chronic non-cancer effects for MIBK was established at the
lowest dose tested (1843 mg/m?) on the basis of minimal to mild nephropathy (NTP
2007Db).

46



In an oral sub-chronic toxicity study, male and female rats were administered a dose of
0, 50, 250, or 1,000 mg/kg bw/day MIBK by gavage for 13 weeks (MAI 1986 as cited in
US EPA 2003b and IPCS 1990). Alterations in a range of clinical chemistry parameters
suggestive of hepatic and renal effects were observed in males and/or females at the
highest dose; increased absolute and relative kidney weights were also observed in
both sexes at 250 mg/kg bw/day and above. There was an increased incidence of mild
nephropathy in males at 1000 mg/kg bw/day. No effects were noted at

50 mg/kg bw/day, which the IPCS (1990) and IARC (2013) considered to be the no
observed effect level (NOEL). However, the US EPA (2003b) considered 1000 mg/kg
bw/day to be a NOAEL, suggesting that the effects observed were difficult to interpret
and may not be biologically adverse in light of the absence of clear histopathological
changes. The NOAEL for an oral drinking water study was also considered by the US
EPA to be around 1,000 mg/kg bw/day, on the basis of uncertainty regarding biological
adversity of the observed renal effects (Carnegie-Mellon Institute of Research 1977a,b
as cited in US EPA 2003b).

In light of the uncertainties regarding the adversity of the effects observed in the sub-
chronic oral studies, the LOAEC of 1843 mg/m? from the more recent, comprehensive
inhalation study by the NTP (2007b) was extrapolated to an oral dose of

102 mg/kg bw/day for the characterization of risk following longer-term oral exposure;
route-to-route extrapolation is considered appropriate for the critical internal effects in
the kidneys of male and female rats.

In a dermal study, MIBK was applied to the tails (lower two-thirds) of an unspecified
number of male white rats daily (4 hours/day) in doses of 300 or 600 mg/kg for

4 months. These doses induced morphological changes to the skin, brain, liver, adrenal
gland, spleen, and testes as well as a reduction in the number of spermatocytes,
spermatids, and spermatozoa (Malysheva 1988 as cited in NTP 2007b).

Reproductive and developmental toxicity

In an inhalation reproductive and developmental toxicity study, groups of 35 pregnant
F344 rats and 30 CD-1 mice were exposed during GD 6 to 15 to airborne MIBK
concentrations of 0, 300, 1,000, or 3,000 ppm (0, 1,229, 4,106, and 12,292 mg/m?3)
during GD 6 to 15 (Tyl et al. 1987 as cited in US EPA 2003b and IPCS 1990). In rats,
signs of maternal toxicity were observed at 12,292 mg/m3, including decreased body
weight gain and food consumption (which returned to normal upon cessation of
exposure) and increased relative kidney weight. Maternal body weight was not affected
in mice, although increased mortality and increased absolute and relative liver weights
were observed in dams exposed to 12,292 mg/m?3 MIBK. Other maternal effects,
including hypoactivity, ataxia, and lacrimation, were observed at 12,292 mg/m3. In rats,
fetal body weights were decreased at 1,229 and 12,292 mg/m3, but not at 4,106 mg/m3;
the study authors attributed this observation to differential litter size and not exposure.
Fetal body weights were also reduced in mice at the highest concentration. At

12,292 mg/m3, delays in some skeletal ossification parameters (considered reversible
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as the pups grow) were noted in both rats and mice. As mentioned previously with MEK,
CNS depression observed in the pregnant dams during exposure may have impacted
the observed effects in the offspring. On the basis of this study, the US EPA (2003b)
established a NOAEC of 4,106 mg/m? and LOAEC of 12,292 mg/m?3 for maternal effects
and delayed fetal skeletal ossification in rats and mice. A NOAECHec of 1,026 mg/m?3
was also derived for continuous exposure (LOAECHec = 3073 mg/m?3).

In a two-generation study, SD rats were exposed to MIBK concentrations of 0, 500,
1,000, and 2,000 ppm (0, 2,050, 4,100, and 8,200 mg/m?3, respectively) prior and during
mating, through gestation and weaning (Nemec et al. 2004). At 41,00 and 8,200 mg/m?3,
absent or decreased response to a sound stimulus in the FO groups was observed. At
the highest dose, pups exhibited clinical signs of neuro- or neuromuscular toxicity
(rocking, lurching, swaying, prostration, half-closed eyelids). Other effects (mostly
observed at 8,200 mg/m?®) included increased weights of the liver, seminal vesicles,
kidneys, ovaries, and adrenal glands. At 4,100 and 8,200 mg/m?3, nephropathy was
observed in males. The NOAEL for parental systemic toxicity was considered to be
2,050 mg/m? (acute sedative effect). The NOAEL for neonatal toxicity (based on clinical
signs of neuro- or neuromuscular toxicity) was also considered to be 4,100 mg/m3. The
NOAEL for reproductive toxicity was considered to be 8,200 mg/m3 (Nemec et al. 2004
as cited in ECHA 2019).

Short-term and acute toxicity

MIBK has been shown to be of low toxicity following acute oral, dermal, and inhalation
exposure (Smyth et al. 1951, 1956; Batyrova 1973; Zakhari et al. 1977; RTECS 1987).
Neurological effects (primarily behavioural changes attributed to CNS depression) were
observed in several studies in laboratory animals at concentrations as low as

200 mg/m? (Geller et al. 1979; De Ceaurriz et al. 1981; David et al. 1999; ECHA 2019);
however, some neurological effects were generally attenuated with prolonged exposure.
Similarly, studies with human volunteers reported reversible irritation and CNS
symptoms (headache, nausea, vertigo) at concentrations as low as 200 mg/m? (Hjelm et
al. 1990; Iregren et al. 1993).

7.2.2.2 MIAK

MIAK has not been assessed by other agencies. The following hazard assessment is
based on the information identified from an ECHA registration dossier (ECHA c2007-
2019c). A literature review was also conducted up to June 2017, with targeted literature
searches up to January 2020. Additional information was included in this report where
relevant.

Toxicokinetics
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It has been reported that clearance of MIAK following oral administration is slower than
that following inhalation exposure. Results of an in vitro dermal absorption study (OECD
TG 428) indicate that dermal absorption is moderate (ECHA c2007-2019c).

Carcinogenicity and genotoxicity

No chronic studies were identified for MIAK. MIAK was not genotoxic in a variety of in
vitro studies (ECHA c2007-2019c).

Repeated-dose toxicity

In a sub-chronic inhalation study, SD rats were exposed to MIAK vapour at
concentrations of 0, 200, 1,000, and 2,000 ppm (equivalent to 0, 934, 4,670, and

9,340 mg/m3), for a total of 69 exposures spanning 96 days. There were no significant
changes in body weight, hematology, serum clinic chemistry, or gross pathology. Dose-
dependent, statistically significant increases of absolute and relative liver weights were
seen in males and females at concentrations of 4,670 and 9,340 mg/m3. Absolute and
relative kidney weights were also increased in males at both these concentrations, and
relative kidney weights were elevated in females at the highest dose. Histopathology
revealed hyaline droplet formation in the kidneys of male rats, as well as hepatocytic
hypertrophy in livers and tubular epithelium regeneration in kidneys in both males and
females exposed to MIAK at the 2 highest concentrations. Overall, the no-observed-
effect concentration (NOEC) was determined to be 200 ppm (934 mg/m3) on the basis
of organ weight changes and histological changes observed in the livers and kidneys of
both males and females at 4,670 mg/m? or higher (Katz et al. 1986; ECHA ¢2007-
2019c).

With respect to oral exposure, in the sole repeated-dose oral study identified, only a
very high dose was tested (2,000 mg/kg bw/day) and associated with a wide range of
effects (mainly kidney and liver effects) (ECHA c2007-2019c).

In light of the limitations of the only repeated-dose oral study, an oral NOEL of

52 mg/kg bw/day'® was derived using route-to-route extrapolation from the inhalation
study, on the basis of similar effects on the liver and kidney by both routes of exposure.
No dermal repeat-dose toxicity study was reported for MIAK.

Short-term and acute toxicity

Exposure of male and female SD rats to 1,000 or 2,000 ppm (4,670 or 9,340 mg/m3,

respectively) MIAK via the inhalation route for a total of 12 exposures over 16 days
resulted in a slight, dose-dependent increase in absolute and relative liver weights in

10 See Appendix F for calculation parameters
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rats, with no corresponding effects on serum clinical chemistries or histopathology. At
9,340 mg/m3, renal hyaline droplet formation was noted in males as was mineralization
involving the heart in females (Anonymous 1983; Katz et al. 1986 as cited in ECHA
c2007-2019c). On the basis of these observations, the authors determined a NOAEC of
1,000 ppm (4,670 mg/m?3).

Maternal toxicity was also observed in the developmental study described below at
lower doses. Dams exposed to MIAK for 14 days at 3,503 mg/m?® and above showed
significant body weight changes and neurological effects (that is, reduced reactivity to
stimuli). At the highest dose (7,005 mg/m?3), significant decreases in mean body
weights, mean body weight gains, and corresponding mean food consumption were
also observed. The NOAEC for maternal toxicity was considered to be 3,505 mg/m3,
and the NOAEC for neurological effects (CNS depression) was considered by the study
authors to be 380 ppm (1,775 mg/m?3) (ECHA c2007-2019c).

Exposure of 6 Swiss OF1 mice to concentrations of 1,942, 3,190, 4,871, or 7,075 mg/m?3
for 15 minutes resulted in dose-dependent respiratory depression (De Ceaurriz et al.
1984). At the lowest dose tested, a 27% decrease in respiration was observed, which
may represent a marker for general CNS depression.

Reproductive and developmental toxicity

In an inhalation reproductive/developmental toxicity screening test in rats, MIAK did not
affect a range of parameters investigated in parents or offspring; the substance was
therefore not considered to be a reproductive toxicant at up to the highest tested
concentration of 5,000 mg/m3 (ECHA c2007-2019c). In an extended one-generation
reproductive toxicity study, male and female rats were exposed to MIAK concentrations
of 0, 380, 750, or 1,500 ppm (equivalent to 0, 1,775, 3,503, or 7,005 mg/m?3) by whole
body inhalation exposure for 6 hours/day. No effects on reproductive performance were
observed. The only effect noted was lower mean offspring body weights and body
weight gains at 7,005 mg/m3. On the basis of this effect, the study authors determined
the NOAEC for neonatal toxicity to be 3,503 mg/m3 (ECHA ¢c2007-2019c).

In a prenatal developmental toxicity test on MIAK, groups of bred female SD rats were
exposed to MIAK via whole body inhalation at concentrations of 0, 380, 750, or

1,500 ppm (equivalent to 0, 1,775, 3,503, or 7,005 mg/m?3) from GD 6 through 19. In the
7,005 mg/m?® group, significant decreases in mean body weights, mean body weight
gains, and corresponding mean food consumption were observed in dams throughout
the exposure period, while reduced reactivity to a noise stimulus was noted at
concentrations of 3,503 or 7,005 mg/m3. The NOAEC for maternal toxicity was
considered to be 1,775 mg/m3. No exposure-related external, visceral, skeletal
malformations or developmental variations were seen in fetuses at doses of up to
7,005 mg/m3. However, significantly reduced fetal weights were seen in the highest
tested group compared with the control group. Therefore, the NOAEC for
developmental toxicity was considered to be 3,503 mg/m?3 (ECHA c2007-2019c). In an
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additional developmental study, pregnant rabbits exposed to MIAK showed similar
maternal toxicity effects as well as cardiac malformations in 3 pups from separate litters
(not considered by the authors to be a secondary non-specific consequence of maternal
toxicity). The NOAEC for maternal and developmental toxicity was considered to be
5,837 mg/m3 (ECHA c2007-2019c).

7.2.2.3 DAA

DAA has been reviewed by the OECD (2000). This review provides the basis for the
health effects characterization in this assessment. A literature search was conducted
from a year prior to the OECD SIDS SIAR (2000) until January 2020.

Toxicokinetics and metabolism

The low molecular weight, log Kow value, and physical state of DAA favour its absorption
via various routes of exposure (oral, dermal, and inhalation); the available data suggest
that absorption by the oral and inhalation routes is extensive. In an in vitro dermal
absorption study, the skin penetration was found to be 0.04%, 0.15%, and 5.71% of the
dose (25 mg/cm?) after 10 minutes, 60 minutes, and 24 hours, respectively (Fasano and
McDougal 2008). As mentioned above, DAA is a direct metabolite of MIBK.

Carcinogenicity and genotoxicity

No carcinogenicity studies on DAA have been identified. DAA was reported to be non-
genotoxic in various in vitro Ames tests, mammalian gene mutation assays, and
mammalian chromosome aberration tests (OECD 2000; ECHA ¢c2007-2019b).

Repeated-dose toxicity

In a combined repeat-dose reproductive/developmental toxicity screening test, DAA was
administered daily for 45 days by gavage to male and female SD rats at doses of 0, 30,
100, 300, or 1,000 mg/kg bw/day (MHW 1997 as cited in OECD 2000). Decreased
locomotor activity and stimulation response were observed at 300 and

1,000 mg/kg bw/day in both sexes, while altered hematological and blood chemistry
parameters were noted in males at 1,000 mg/kg bw/day. In males, renal effects were
observed, including hyaline droplet formation at 100 mg/kg bw/day or greater, basophilic
tubules at 300 mg/kg bw/day or greater, and dilatation of distal tubules at

1000 mg/kg bw/day. At 300 and 1000 mg/kg bw/day, females showed dilatation of the
distal tubules and fatty degeneration of the proximal tubular epithelium in the kidneys.
The OECD considered the NOAELSs for repeat-dose toxicity to be 30 mg/kg bw/day in
males and 100 mg/kg bw/day in females. However, given that the hyaline droplet
formation is only considered to be specific to male rats (and not biologically relevant to
humans), the NOAEL was considered to be 100 mg/kg bw/day.
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In an inhalation study, Wistar rats were exposed daily for 6 weeks to concentrations of
0, 233, 1,041, and 4,685 mg/m?® DAA (Butterworth et al. 1980 as cited in ECHA ¢c2007-
2019b). The authors identified a NOAEC of 4685 mg/m3and a NOEC of 1,041 mg/m3.
Only liver weight changes, not associated with histological alterations, were observed at
1,041 mg/m3. At 4,685 mg/m3, increased liver and kidney weights, as well as rat-specific
eosinophilic hyaline droplets in the proximal tubular cells, were observed in males.
OECD considered the middle concentration to be a NOAEC (reported as 1,035 mg/m3)
(SHELL Research Ltd. 1979 as cited in OECD 2000).

No repeated-dose dermal studies were available for DAA. Therefore, the oral NOAEL of
100 mg/kg bw/day will be used to inform the risk from dermal exposure.

Reproductive and developmental toxicity

In the combined repeat-dose toxicity study with the reproduction/developmental toxicity
screening test described above, there was a decrease in reproductive parameters
(fertility index, number of implantations, and implantation index) and developmental
parameters (number of pups born, delivery index, live birth index, number of pups alive,
and viability index) at the highest dose of 1,000 mg/kg bw/day. Although none of these
changes were statistically significant, DAA was considered to potentially cause
reproductive/developmental effects at 1,000 mg/kg bw/day. Basing their conclusion on
this, the authors considered a NOAEL of 300 mg/kg bw/day for reproductive and
developmental effects, with a parental NOAEL of 100 mg/kg bw/day as described above
(MHW 1997 as cited in OECD 2000). In another developmental rat study, no effects
were observed at up to a dose of 1,000 mg/kg bw/day in rats (ECHA c2007-2019b).

In the absence of inhalation and dermal reproductive/developmental studies on DAA,
the oral NOAEL of 300 mg/kg bw/day for reproductive/developmental effects was used
for risk characterization.

Effects in humans
Human volunteers (~12, both male and female) exposed within a chamber to

475 mg/m3 of DAA for 15 minutes reported symptoms of headache, nausea, or vomiting
(Silverman et al. 1946 as cited in OECD 2000).

7.2.3 Risk characterization of subgroup 2 (MIBK, MIAK, and DAA)

MIBK

MIBK is classified as a Category 2B carcinogen (“possibly carcinogenic to humans”) by
IARC (2013) on the basis of increased incidences of tumours in two-year studies in rats
and mice. It is also classified as Carc. 2 H351 (“Suspected of causing cancer”) by
ECHA (2019). Although some evidence has suggested that these liver and kidney
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tumours may not be relevant to humans, recent analyses by NICNAS (2017) concluded
that, while the evidence supports the conclusion that liver tumours in mice arise from
activation of the CAR, a mechanism other than that involving a2u-globulin may be
responsible for the renal tumours in rats. This information, along with the observation of
mononuclear leukemia in male rats and renal mesenchymal tumours in female rats,
supports the conclusion by NICNAS that these tumours in rats are relevant to humans
and are sufficient to classify MIBK as a Category 2 carcinogen according to the GHS
(NICNAS 2017). This conclusion was also supported in a recent review by ECHA
(2019). However, MIBK is not expected to be genotoxic (NTP 2007b; IARC 2013; ECHA
2019).

The chronic inhalation LOAEC for non-cancer effects was established at 1,843 mg/m3
on the basis of minimal to mild nephropathy in the two-year bioassay (NTP 2007b).
Renal effects were used as the POD to characterize risk to human health from chronic
exposures and are considered protective of potential cancer effects in humans.

The available data from short-term MIBK inhalation studies in animals indicate that
developmental effects were the critical health effects. A NOAEC of 4,106 mg/m? was
identified for developmental effects in mice and rats (Tyl et al. 1987 as cited in US EPA
2003b). The corresponding calculated NOAECHec for developmental effects was

1026 mg/m?3 for continuous exposure.

For the oral route, in light of the uncertainties regarding the adversity of the effects
observed in the sub-chronic oral studies, the LOAEC from the more recent,
comprehensive inhalation study by the NTP (2007b) was converted to a dose of

102 mg/kg bw/day (adjusted for continuous exposure) for the characterization of risk
following longer-term oral exposure; route-to-route extrapolation is considered
appropriate for the critical effects in the kidneys of male and female rats. In addition, this
is considered protective of potential cancer effects at higher doses.

In the only dermal study available, MIBK induced morphological changes to the skin and
multiple organs of rats administered doses of 300 mg/kg bw/day and higher for

4 months (Malysheva 1988 as cited in NTP 2007b). Although only limited details were
available for this study, the critical effect level of 300 mg/kg bw/day is supported by the
effects observed in rats administered 250 mg/kg bw/day orally for 13 weeks.

The predominant sources of exposure to MIBK from environmental media (outdoor air,
indoor air, and drinking water) and food for the general population is through air and
diet. On the basis of the available data, it is expected that the majority of dietary
exposure to MIBK results from its natural occurrence in foods. Intake of MIBK from its
natural occurrence in food was not identified as a concern for human health.

MIBK is used in a number of products available to consumers, including rubbing
alcohol, dry erase markers, and a range of paint and DIY products. Table 7-11 provides
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all of the relevant exposure values and the critical health effects as well as the resultant
MOEs for the characterization of risk for MIBK.

Table 7-11. Relevant exposure and hazard values for MIBK, as well as margins of
exposure, for characterization of risk

and rats and

Exposure Critical effect Critical health
. Exposure . MOE
scenario level effect endpoint
Renal effects in
rats (hyperplasia,
nephropathy,
Environmental mineralization) in
: 2.7to 8 ug/kg | LOAEL =102 12,750 to
a -
media bw/day mglkg bw/day> | 2-Year study (RR | 557774
(all age groups) from inhalation
study, adjusted
for continuous
exposure)
Environmental Renal effects in
media for rats (hyperplasia,
]Eesildents near nephrolpathy, )
acilities mineralization) in
: 6.07 to 18.26 LOAEL =102 5,586 to
releasing MIBK® b 2-year study (RtR | 7’
(all age groups) ug/kg bw/day mg/kg/day from inhalation 16,804
study, adjusted
for continuous
exposure)
Renal effects in
rats (hyperplasia,
nephropathy,
ggggtfﬁ“’;e“:rng 0.03100.12 | LOAEL = 102 ;”?:;f!fjé‘;’r(‘g{'& >
N -
and older) uglkg bw/day | mg/kg/day from inhalation 850,000
study, adjusted
for continuous
exposure)
Skeletal
Rubbing alcohol varations In mice
(inhalation) 0.003 mg/m3¢ | NOAEC = 1,369,00
e reduced fetal
(6 months and 4,106 mg/m : 0
body weight and
older) .
increased fetal
death in mice
Nail products | 0.04 to 1.2 NOAEC = S:r?;tgrl\s i | 342210
(inhalation) mg/m3 ¢ 4,106 mg/m3¢ 102,650
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Exposure

Critical effect

Critical health

scenario Exposure level effect endpoint MOE
(6 months and reduced fetal
older) body weight and
increased fetal
death in mice
Skeletal
Temporary variations in mice 4.106.00
Eiar;[LanI:tion) 0.0005 to NOAEC = raen:uz:a(:: ?erlgl Oto
3d 3e
(6 months and 0.001 mg/m 4,106 mg/m body weight and 3’212’00
older) increased fetal
death in mice
Skeletal
Wood lacquer variations in mice
(inhalation) 112 to 433 NOAEC = f:(;’ufetg ?e’lgl 0 1037
(20 years and mg/m3d 4,106 mg/m3e bod iaht and
older) body weig tan
increased fetal
death in mice
Liquid paint Skeletal
(solvent-rich) for Va:jlatl?ns |r:jm|ce
trucks 37 to 55 mg/m3 | NOAEC =  Uoed fotal 75 10 111
(inhalation) d 4,106 mg/m3¢ reduced feta to
(20 years and body weight and
older) increased fetal
death in mice
Spray products Sk?'?.tal R
(for example, val(*jla |c;ns |r:jm|ce
spray paint) 1.5t076 NOAEC = ?:durcaeg ?erj[al 54 to
(inhalation) mg/m34d 4,106 mg/m?3e bod iaht and 2,737
(20 years and pody Welg tan
older) increased fetal
death in mice
Skeletal
Filler/putty from variations in mice
tube (inhalation) . |NOAEC =410 |2ndratsand 821 to
1to 5 mg/m 3 reduced fetal
(20 years and mg/m? ¢ . 4,106
older) pody weight and
increased fetal
death in mice
Dry erase 0.16 t0 0.48 LOEL = 300 Morphological 625 to
markers (per mg/kg bw mg/kg bw/day’ changes in 1,875

event) [oral]

(5 to 11 years)

several tissues at
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Exposure E Critical effect Critical health

. xposure .
scenario level effect endpoint
lowest dose
0.32t0 0.97 tested in a 4-
mg/kg bw month dermal
(6 months to 4 study.
years) 258 to
LOEL/NOAEL = Hepatic and renal | 782
250 mg/kg bw/day | effects at 1 000
9 mg/kg bw/day in
a 13-week oral
study.
Skeletal
variations in mice

0.1 to3(31.45 NOAEC = and rats and 9,124 to
mg/m

3e reduced fetal
4,106 mg/m body weight and 41,060

increased fetal

death in mice
Abbreviations: RtR, route to route; LOAEL, lowest-observed-adverse-effect level; NOAEL, no-observed-adverse-
effect level; LOEL, lowest-observed-effect level; NOAEC, no-observed-adverse-effect concentration; MOE, margin of
exposure

@ This includes exposure from outdoor air, indoor air, and drinking water (Health Canada 2024).

b NTP 2007b. Target MOE = 1000 (x10 for interspecies extrapolation; x10 for intraspecies variation; x10 for use of a
LOAEL, considering severity of effect).

¢The estimated intakes incorporate the highest estimated annual concentration of MIBK in air (see Table 7-7)
associated with facilities that report their substance releases under the NPRI (2021), as well as from other
environmental media (Health Canada 2024).

d 6-hour time-weighted average (TWA) concentrations were derived for all product scenarios to match up with the
exposure durations of the critical effects study used to characterize risk.

e Tyl et al. 1987 as cited in US EPA 2003b. Target MOE = 100 (x10 for interspecies extrapolation; x10 for intraspecies
variation)

fMalysheva 1988 as cited in NTP 2007b

9MAI 1986 as cited in US EPA 2003b and IPCS 1990. Target MOE = 100 (x10 for interspecies extrapolation; x10 for
intraspecies variation)

MOE

Dry erase
markers
[inhalation]

(all age groups)

Calculated MOEs for exposure to MIBK in environmental media and food (from potential
use as a food flavouring agent) for the general population of Canada as well as for
those living near facilities reporting the release of MIBK to air are considered adequate
to address any uncertainties in the available health effects and exposure data used to
characterize risk. The JECFA (WHO 1999b) concluded that there is “no safety concern
with the estimated levels of intake as flavouring substances” for MIBK used as a
flavouring agent primarily on the basis of it being “metabolized to innocuous products.”

The MOEs for inhalation exposure to MIBK from the use of some products available to
consumers, namely rubbing alcohol, dry erase markers, nail products, and temporary
tattoos, are considered adequate to address uncertainties in the available health effects
and exposure data used to characterize risk. The MOEs for inhalation exposure to MIBK
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from the use of wood lacquers, liquid paints, and spray products including spray paints
are considered inadequate in light of the severity of the observed effects (that is,
developmental toxicity) and uncertainty regarding the adversity of effects observed at
lower concentrations.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated, and developmental and
reproductive toxicity studies were evaluated for potential adverse health effects. In
addition, the potential for elevated exposure of people living near facilities that may
release MIBK to air was considered in the assessment.

MIAK

No chronic studies were identified for MIAK. MIAK was not genotoxic in a variety of
studies.

Sub-chronic exposure to MIAK induced liver and kidney effects (organ weight and
histological changes) in rats exposed to concentrations of 4,670 mg/m?2 or higher. The
NOEC was determined to be 934 mg/m?3 (Katz et al. 1986; ECHA ¢2007-2019c). With
respect to oral exposure, in the one repeated-dose oral study identified, a wide range of
effects were observed at the only tested dose of 2,000 mg/kg bw/day (ECHA c2007-
2019c). Therefore, an oral NOEL of 52 mg/kg bw/day was derived using route-to-route
extrapolation from the inhalation study, given the similarity of the effects on liver and
kidney by both routes of exposure.

With respect to short-term inhalation exposure to MIAK, the critical effect level was
considered to be a NOAEC of 3,503 mg/m?® based on decreased body weight and body
weight gains as well as reduced food consumption observed in pregnant rats exposed
to 7,005 mg/m3 (ECHA ¢2007-2019c).

The general population of Canada may be exposed to MIAK from indoor air as well as
from its natural presence in certain foods. MIAK is also used in an automotive coating
repair pen available to consumers. Table 7-12 provides all of the relevant exposure
estimates and critical effect values, as well as the resulting MOEs.

Table 7-12. Relevant exposure and hazard values for MIAK, as well as margins of
exposure, for characterization of risk

Exposure Critical effect Critical health

. Exposure a . MOE
scenario level effect endpoint
Environmental 0.3t00.9 NOEL =52 mg/kg | Route-to-route | 57 778
media® ug/kg bw/day | bw/day extrapolation -
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Exposure E Critical effect Critical health
. Xposure . MOE

scenario level® effect endpoint

from NOEC =

934 mg/m3

Significant

decreases in

mean body
Automotive weights, mean
ggf‘]t'”g repair 101251029 | NOAEC = 3 503 gg?nﬁ"":r']%ht 12,079 to
(20 years and mg/m?® mg/m? corresponding 28,024
older) mean food

consumption in

dams at 7,005

mg/m?3

Abbreviations: NOEL, no-observed-effect level; NOAEC; no-observed-adverse-effect concentration; MOE, margin of
exposure; TWA, time-weighted average

aECHA ¢2007-2019c. Target MOE = 100 (x10 for interspecies extrapolation; x10 for intraspecies variation) for both
critical effect levels

b This includes exposure from indoor and outdoor air. The concentration used to derive intakes for indoor air was also
used to derive intakes from outdoor air (Health Canda 2022).

¢6-hour TWA concentrations were derived for the automotive coating repair pen scenario to match up with the
exposure durations of the critical effect study used to characterize risk.

Calculated MOEs for exposure to MIAK in environmental media are considered
adequate to address any uncertainties in the available health effects and exposure data
used to characterize risk. Additional intake of MIAK from its natural occurrence in food
was not identified as a concern for human health. The MOEs for inhalation exposure to
MIAK in automotive coating repair pens available to consumers is considered adequate
to address uncertainties in the available health effects and exposure data used to
characterize risk.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated, and developmental and
reproductive toxicity studies were evaluated for potential adverse health effects.

DAA

No chronic studies were identified for DAA. An oral NOAEL of 100 mg/kg bw/day for
systemic toxicity (kidney changes and altered hematological and blood chemistry in
rats) from the reproductive/developmental study is used to address the risk of chronic
exposures to DAA (MHW 1997 as cited in OECD 2000; ECHA c2007-2019b). In the
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absence of dermal studies, route-to-route extrapolation using the oral NOAEL is used to
characterize the risk of dermal exposure to DAA.

In the sole inhalation study in animals identified, only liver weight changes not
associated with histological alterations were observed at 1,041 mg/m? (reported as
1,035 mg/m?3 by OECD 2000) in a 6-week inhalation study (Butterworth et al. 1980 as
cited in ECHA c2007-2019b).

The reproductive and developmental NOAEL was established at 300 mg/kg bw/day on
the basis of effects on numerous reproductive and developmental parameters at

1,000 mg/kg bw/day. In order to be protective of the developing fetus and children, a
critical effect level of 300 mg/kg bw/day is used to characterize the risk for short-term
use of products available to consumers. In the absence of dermal or inhalation
reproductive/developmental studies on DAA, the oral NOAEL of 300 mg/kg bw/day was

used.

The primary source of exposure to DAA from environmental media and food is from its
presence in indoor air and its natural occurrence in various food items.

DAA is used in a range of products available to consumers, including nail care products
and permanent markers, pipe thread sealant, floor coatings, thinner, and spray products
including paint removers and automotive cleaners.

Table 7-13 provides all of the relevant exposure estimates and critical effect values, as
well as the resulting MOEs. Although limited, available dermal absorption data suggest
that DAA is not extensively absorbed through the skin (less than 1% to approximately
6% in humans); therefore, the dermal estimates below incorporate a 6% dermal
absorption value. Given that the same oral health effects study is being used to
characterize the risks from both potential dermal and inhalation exposures to DAA from
the use of products available to consumers, these exposure estimates were combined.

Table 7-13. Relevant exposure and hazard values for DAA, as well as margins of
exposure, for characterization of risk

Exposure Critical effect Critical health
. Exposure . MOE
scenario level effect endpoint
Kidney changes
Environmental 0.48t01.44 NOAEL =100 ﬁgg*n:![galgegcijcal >69,000
i b
media?® Mg/kg bw /day | mg/kg bw/day and blood
chemistry
Cosmetics 6-hr TWA = _ Liver weight
(inhalation)e 0.3t01.3 NOAEsS' =1.035 changes without 796103
3 mg/m , ) 450
(all age groups) | mg/m histopathological
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Exposure E Critical effect Critical health
. Xposure . MOE
scenario level effect endpoint
alterations at
4 685 mg/m?3
Kidney changes
Cosmetics 0.007 to 0.023 NOAEL = 100 and alterec_i 4.348 to
(dermal)? mg/kg ma/ka bw/dav® hematological 14 286
(all age groups) | bw/event g/kg y and blood ’
chemistry
Paint/DIY
products Reproductive
(inhalation and | 0.013to 2 NOAEL = 300 and 150 to
dermal) mg/kg mg/kg bw/day® developmental 23 077
(20 years and bw/event effects ’
older)
1.6 mg/kg
bw/day Reproductive
Permanent (5 to 11 years) _ and
markers (per to 3.2 mg/kg 2O/AkEIBV_V/320e developmental 94 to 188
event) [oral] bw/day g/kg y effects at 1,000
(6 months to 4 mg/kg bw/day
years)
0.002 Kidney changes
Permanent (20 years and _ and altered
markers (daily) | older) to 0.005 2O/AKEIB\;/(1120 b hematological 28888 to
[dermal] (5 to 11 years) gikg y and blood ’
mg/kg bw/day chemistry

Abbreviations: NOAEL, no-observed-adverse-effect level; NOAEC; no-observed-adverse-effect concentration; MOE,
margin of exposure; TWA, time-weighted average

aThis includes exposure from indoor and outdoor air. The concentration used to derive intakes for indoor air was also
used to derive intakes from outdoor air (Health Canda 2023).

bMHW 1997 as cited in OECD 2000; ECHA ¢2007-2019b. Target MOE = 100 (x10 for interspecies extrapolation; x10
for intraspecies variation)

¢Range includes use of nail polishes and eyeliner stickers.

dSHELL Research Ltd. 1979 as cited in OECD 2000. Target MOE = 100 (x10 for interspecies extrapolation; x10 for
intraspecies variation)

¢ MHW 1997 as cited in OECD 2000. Target MOE = 100 (x10 for interspecies extrapolation; x10 for intraspecies
variation)

Calculated MOEs for exposure to DAA in environmental media are considered
adequate to address uncertainties in the available health effects and exposure data
used to characterize risk. Additional intake of DAA from its natural occurrence in food
was not identified as a concern for human health. In addition, the calculated MOEs from
the use of products available to consumers (including the assumption of 100% DAA in
permanent markers and the non-statistically significant changes in reproductive and
developmental parameters used to characterize the risk associated with the use of
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markers and paint/DIY products) are considered adequate to address uncertainties in
the available health effects and exposure data used to characterize risk.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were routinely estimated, and
developmental and reproductive toxicity studies were evaluated for potential adverse
health effects.

7.2.4 Uncertainties in the evaluation of risk to human health for MIBK,
MIAK and DAA

The key sources of uncertainty are presented in Table 7-14.

Table 7-14. Sources of uncertainty in the risk characterization

Key sources of uncertainty Impact

Assumption that dermal exposures are minimal for MIBK and MIAK in +
comparison to inhalation exposures, given the high volatility of the
substances; however, confidence is high that exposure is overestimated,
owing to the conservative nature of the exposure models.

Assumption that DAA is present in permanent markers at a concentration of | +
100%.

Lack of chronic studies for MIAK or DAA. +/-

Use of route-to-route extrapolation for long-term exposure to MIBK. -

Use of route-to-route extrapolation of a 96-day inhalation study for both oral | +/-
and dermal exposure scenarios for MIAK.

No short-term inhalation study was available for DAA. Route-to-route +/-
extrapolation from oral study was applied.

In terms of the risk posed by the use of products available to consumers for | +
DAA, confidence in the adequacy of the margins is high, owing to the
conservativeness associated with the dermal absorption value (based on
the amount of DAA that penetrated the skin after a 24-hour exposure) and
the non-statistically significant effects on reproductive and developmental
parameters at the critical effect level.

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

7.3 Assessment of subgroup 3 (diacetyl, 2,3-PD, and acetoin)
7.3.1 Exposure assessment of subgroup 3 (diacetyl, 2,3-PD, and acetoin)
Environmental media
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Limited to no empirical data were identified for diacetyl, 2,3-PD, or acetoin in air (2,3-PD
only), water, and soil in Canada.

Diacetyl has been identified as a by-product of ozone disinfection (US) and was
detected in both drinking water (US) and surface water (France) (HSDB 1983- ). No
data were identified regarding the presence of diacetyl in soil or sediment; however,
based on its low log Koc, diacetyl is not expected to be present in this media.

Only one ambient air study that detected 2,3-PD in air in Roseville, California, was
identified; the study recorded concentrations of 11.1 and 8.1 ng/cm?®2,3-PD in the
summer and winter, respectively (HSDB 1983- ). In a Nunavik field study that measured
54 indoor air samples, 2,3-PD was detected in 4% of the samples, with a maximum
concentration of 2.8 ug/m? (Won et al. 2019). No other environmental concentration
data were identified.

Given its physical and chemical properties, acetoin may be present in air and water but
is not likely to be present in soil and sediment. Given its moderate Henry’s law constant,
acetoin is expected to volatilize from water. The half-life in air is approximately 37 hours
(HSDB 1983- ).

ChemCAN v6.00 (ChemCAN 2003) was used to derive air, water, and soll
concentrations of diacetyl, 2,3-PD (water and soil only), and acetoin for Canada using
the upper-end quantity data from Table 4-1 and assuming that the total import quantity
was released into a single region of Canada (that is, the Ontario Mixed-Wood Plain
region). These concentrations were then used to estimate exposure to diacetyl, 2,3-PD
(water and soil), and acetoin from environmental media for the general population of
Canada. All resulting exposures were less than 2.5 ng/kg bw/day. On the basis of the
information presented above, exposure to these substances from environmental media
is negligible.

Food

Diacetyl, 2,3-PD, and acetoin are naturally present in various food items and may also
be used as food flavouring agents (Nijssen et al. 1963-2018; Burdock 2010). Diacetyl is
being replaced in some products by 2,3-PD, acetoin, and other diketones with a similar
“butter” aroma and taste (Doepker et al. 2012; Gaffney et al. 2015; CDC 2016).

The JECFA evaluated a group of aliphatic acyclic and alicyclic alpha-diketones and
related alpha-hydroxyketones, including diacetyl, 2,3-PD, and acetoin (WHO 1999a). As
part of that evaluation, the Committee estimated the per capita intake for diacetyl, 2,3-
PD, and acetoin from their use as food flavouring agents. For the US population, per
capita intake estimates were 133 ug/kg bw/day, 1 pg/kg bw/day, and 30 pg/kg bw/day,
respectively. For the European population, per capita intake estimates were

55 ug/kg bw/day, 4 ug/kg bw/day, and 47 ug/kg bw/day, respectively (WHO 1999a) (see
Appendix C for more details). In the absence of data on actual use in Canada, the per
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capita intake estimates are acceptable estimates of possible dietary exposure to
diacetyl, 2,3-PD, and acetoin from their use as food flavouring agents for the general
population (1 year of age and older).

Quantitative exposure estimates for diacetyl, 2,3-PD, and acetoin from their natural
occurrence in food' ranged from 281 ug/kg bw/day for 14- to 18-year-olds to 1625
Mag/kg bw/day for 1-year-olds for diacetyl, from 6.5 pg/kg bw/day for 6- to-12-month-olds
to 208 pg/kg bw/day for adults 19 years and older for 2,3-PD, and from

161 pug/kg bw/day for 14- to 18-year-olds to 369 pg/kg bw/day for 2- to 3-year-olds for
acetoin (see Appendix C for details).

The estimates of daily intake for diacetyl from its natural occurrence in food are based
primarily on the level in pasteurized milk identified in the literature (approximately

30 ug/g) (De Leonardis et al. 2013). Higher levels of diacetyl have been reported in raw
milk and ultra-high temperature (UHT) milk (Macciola et al. 2008; De Leonardis et al.
2013). However, other studies reported much lower (by several orders of magnitude)
diacetyl concentrations in milk ranging from 0.0002 pg/g to 0.024 ug/g (Nijssen et al.
1963-2018; Imhof et al. 1995; Shimoda et al. 2000; Valero et al. 2001; Toso et al. 2002).
Assuming that levels of diacetyl in milk in Canada are similar to those in Europe, the
highest value in pasteurized milk (semi-skim) from the De Leonardis et al. (2013) study
was selected. The authors explain that the analytical method used in this study extracts
the diacetyl that is linked primarily to the proteins and lactose found in the milk. The
other aforementioned studies used headspace techniques, which only capture the
volatile portion of the substance in the food (De Leonardis et al. 2013).

In addition to oral exposures to these substances, inhalation exposures may also be
significant for certain food items such as microwaved popcorn. Diacetyl, acetoin, and
2,3-PD were measured in popcorn (Buttery et al. 1997; Rosati et al. 2007). According to
Rosati et al. (2007), diacetyl and acetoin were measured in a chamber air study, with
concentrations in the chamber air ranging from 0.02 mg/m?3 to 5.8 mg/m3 and from

0.01 mg/m?3 to 4.2 mg/m?3 for diacetyl and acetoin, respectively. The average amount of
diacetyl emitted from a bag of microwaved popcorn was 778.9 ug/bag (Rosati et al.
2007). Using information from Rosati et al. (2007) and an approach outlined in Zhu et al.
(2001), this converts to approximately 0.03 mg/m? of diacetyl in a standard room 1 hour
after the popcorn is popped (maximum of 0.04 mg/m?3 during the first hour after popping)
(see Appendix E). There was insufficient information to quantify the air concentration of
2,3-PD from popcorn. Diacetyl and 2,3-PD have also been measured in the air of coffee
roasting plants (McCoy et al. 2017), and diacetyl was measured in air in a study
designed to simulate exposures that could occur in a small coffee shop (Pierce et al.
2015).

" Infants 0 to 6 months old are assumed to be exclusively human milk-fed or formula-fed.
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Products available to consumers

According to notifications submitted to Health Canada under the Cosmetic Regulations,
diacetyl is used in body soaps and face moisturizers in Canada (personal
communication, emails from the CHPSD, HC, to the ESRAB, HC, dated November
2019 and April 2020; unreferenced). In addition, several cosmetics listing diacetyl as an
ingredient were identified on retailer websites, including body moisturizers, body oils,
body washes, shampoos, conditioners, hand and nail creams, and body soaps. Body
moisturizers and face moisturizers are presented as sentinel scenarios. The function of
diacetyl in cosmetics is as a perfuming agent (European Commission 2017).

2,3-PD was identified in certain air fresheners for home care as well as in fragrant oils,
which can be used as air fresheners (SDS 2015d,e, 2019f; CPID [modified 2019]).
Table 7-15 summarizes the estimated inhalation exposures for products available to
consumers that contain diacetyl or 2,3-PD. Although dermal exposure could contribute
to the overall exposure during use of products available to consumers (European
Commission 2014), the primary route of concern on the basis of the critical effects is
considered to be inhalation; therefore, only inhalation estimates are presented.

Acetoin was not identified in any other products available to consumers in Canada.

Table 7-15. Estimated exposures to diacetyl and 2,3-PD from the use of products
available to consumers

Product scenario Concentration Mean event 6-hr TWA? (mg/m?)
concentration
(mg/m®)
Face moisturizer® (20
years and older) 0.1% 0.0099 0.0198
(diacetyl)

Face moisturizer® (5 to

11 years old) (diacetyl) 0.1% 0.0035 0.014
Body moisturizer (12

years and older) 0.1% 0.72 0.0.04
(diacetyl)®

Air freshener® (2,3-PD) 0.1to0 5% 0.0031 to 0.064 0.004 to0 0.14

Abbreviation: TWA, time-weighted average

a6-hour time-weighted average (TWA) concentrations were derived for all product scenarios to match up with the
exposure durations of the critical effects study used to characterize risk. 6-Hr TWA = Mean event conc. x exposure
duration / 6 x 60 min.

b Personal communication, email from the CHPSD, HC, to the ESRAB, HC, April 2020; unreferenced.

¢ Given that no concentration data were available for body moisturizers, it is presumed that diacetyl is present at the
same levels as in face moisturizers.

9 Includes use of essential oils as air fresheners, as well as plug-in and gel type air fresheners.
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7.3.2 Health effects assessment of subgroup 3 (diacetyl, 2,3-PD, and
acetoin)

Diacetyl and 2,3-PD are alpha-diketones, and their structures are identical except for an
additional methyl group on 2,3-PD. Their similarity in structure and functional groups is
reflected in their comparable physicochemical and organoleptic properties.

It is expected that 2,3-PD is readily bioavailable via the oral, dermal, and inhalation
routes, similar to diacetyl, and the impact of the additional methyl group in 2,3-PD is
expected to be minimal. Both chemicals exhibit portal-of-entry effects on the respiratory
tract following inhalation exposure. Following oral exposure, diacetyl is rapidly
metabolized in liver to acetoin and 2,3-butanediol. For 2,3-PD, the OECD QSAR
Toolbox (2017) in vivo and in vitro rat liver metabolism simulator predicted metabolites
2-hydroxy-3-pentanone, 3-hydroxy-2-pentanone, and 2,3-pentanediol (among others)
that were similar in structure to metabolites of diacetyl. On the basis of this information,
diacetyl, acetoin, and 2,3-PD were treated as a group, and toxicity data for these
substances were used to read-across within the group (see Appendix A).

7.3.2.1 Diacetyl

Diacetyl has been reviewed by the IPCS (1999), EFSA (2004), SCOEL (2014), and
CDC (2016). These reviews provide a basis for the health effect characterization in this
assessment. A literature search was conducted from a year prior to the CDC report
(2016) up to January 2020, and significant new information was included to support risk
characterization.

Toxicokinetics

Diacetyl can be generated endogenously and is a metabolite of acetaldehyde in
mammals (IPCS 1999; SCOEL 2014). It is anticipated that methyl ketones are
principally metabolized by oxidation of the terminal methyl group at low concentrations.
At higher levels, diacetyl is reduced to acetoin and 2,3-butanediol, and then conjugated
with glucuronic acid and excreted. The regional dosimetry patterns from inhalation in
humans differ greatly from those in rats, with much greater penetration of diacetyl to the
human bronchiolar airways compared to rats. As a result, diacetyl toxicity is observed
primarily in the upper respiratory tract of rodents and the lower respiratory tract of
humans (Cichocki and Morris 2017).

To address this, a computational fluid dynamics-physiologically based pharmacokinetic
(PBPK) model was developed to compare diacetyl absorption and tissue concentrations
in the rat and human respiratory tracts (Gloede et al. 2011). The model estimated that
the bronchiolar tissue concentrations of diacetyl in humans during light exercise
exceeded those in rats by 20- to 40-fold. Further dosimetry modelling indicated that rat
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inhalation toxicity studies under-predict the risk of bronchiolar injury in humans
(Cichocki and Morris 2017).

Carcinogenicity and genotoxicity

Diacetyl has not been classified by any agency on the basis of carcinogenicity or other
health effects. However, recent NTP studies (NTP 2018) demonstrated some evidence
of carcinogenic activity in two-year inhalation studies. Groups of Wistar Han rats and
B6C3F1/N mice were exposed to diacetyl vapour by whole body inhalation at
concentrations of 0, 12.5, 25, or 50 ppm (0, 45, 90, and 179 mg/m3, respectively) for 6
hours per day, 5 days per week for 105 weeks. In rats, increases were observed in the
incidences of squamous cell carcinomas of the nasal cavity in males and females and in
the combined incidence of squamous cell carcinomas and papilloma in the nasal cavity
of males at 179 mg/m3. In mice, the incidence of adenocarcinoma of the nose was
increased in females at this concentration. The NTP concluded that “there was some
evidence of carcinogenic activity of diacetyl in male and female rats. There was no
evidence of carcinogenic activity of diacetyl in male B6C3F1/N mice exposed to 12.5,
25, or 50 ppm. There was equivocal evidence of carcinogenic activity of diacetyl in
female B6C3F1/N mice based on the occurrences of adenocarcinoma of the nose”
(NTP 2018).

Available information indicated that diacetyl is mutagenic in a variety of in vitro tests
(Bjeldanes and Chew 1979; Marnett et al. 1985; Shane et al. 1988; Kato et al. 1989;
Dorado et al. 1992; Aeschbacher et al. 1989 reviewed in EFSA 2004 and NTP 2018;
More et al. 2012).

In in vivo studies, increased unscheduled DNA synthesis (UDS) was seen in the
stomach cells of rats exposed to diacetyl at a dose of 500 mg/kg bw/day by gavage
(Furihata et al. 1985; Furihata and Matsushima 1987 reviewed in SCOEL 2014).
However, diacetyl did not induce micronuclei in mice or rats exposed to up to

500 mg/kg bw/day by intraperitoneal injection for 3 days or to up to 100 ppm via
inhalational exposure to diacetyl for 3 months, suggesting that diacetyl had no effect on
erythropoiesis (NTP 2018).

Repeated-dose toxicity

In the NTP (2018) two-year inhalation studies referred to above, exposure to diacetyl
also resulted in increased incidences of non-cancer effects in the nose, larynx, trachea,
and lung of mice at all concentrations tested and in rats at 90 mg/m?3 and 179 mg/m3,
with more severe effects on the respiratory system occurring at higher concentrations in
mice and rats. In rats, the nasal lesions for which incidences increased significantly
included suppurative inflammation, respiratory epithelium hyperplasia and squamous
metaplasia, olfactory epithelium atrophy, respiratory metaplasia, and necrosis (males),
turbinate hyperostosis, and fibrosis of the lamina propria. Significantly increased
incidences of chronic active or suppurative inflammation and epithelium hyperplasia
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were also observed in the larynx, trachea, lung, and eye at 179 mg/m?3. At 90 mg/m3,
significantly increased incidences were observed for squamous epithelium hyperplasia
in larynx (male and female), epithelium regeneration in trachea (male), and epithelium
hyperplasia in lung (female). In mice, similar effects were observed at 45 mg/m? and
included metaplasia of the respiratory epithelium, atrophy of olfactory epithelium and
turbinate atrophy in the nose, and squamous epithelium hyperplasia in the larynx.
Survival rate was moderately decreased in females at 90 mg/m? and significantly
decreased in males at 179 mg/m3. At the end of the study, mean body weights were
decreased for both males and females at 179 mg/m® compared with controls. Thus, on
the basis of these observations of non-cancer effects observed in mice, a chronic
inhalation LOAEC value of 45 mg/m? is considered in this health effects assessment
(NTP 2018).

A profile of effects similar to that seen in the chronic bioassay was also observed in sub-
chronic inhalation studies in Wistar Han rats and B6C3F1/N mice (NTP 2018). Doses
were 0, 6.25, 12.5, 25, 50, or 100 ppm (corresponding to 0, 22, 45, 90, 179, or

350 mg/m3) by whole body exposure, 6 hours per day, 5 days per week for 14 weeks. A
NOAEC of 45 mg/m?® was derived based on a significant increase in the incidence of
non-neoplastic lesions in the respiratory tract (nose, larynx, trachea, and lung) of mice
and rats, primarily in the 179 mg/m?3 and 350 mg/m?3 groups after 14 weeks. At 90
mg/m?3, increased incidences of squamous metaplasia of the respiratory epithelium were
observed in male and female rats, along with increased degeneration of the olfactory
epithelium in female rats. In mice, increased incidences of necrosis in respiratory
epithelium were observed in males and females at 90 mg/m3; increased hyperplasia
and chronic active inflammation were also observed in the larynx in females (NTP
2018). Similar effects were reported in an earlier study in mice exposed to diacetyl for 6
or 12 weeks at 90 mg/m3or more; the lowest concentration tested (25 ppm or 90 mg/m3)
was considered to be the LOAEC on the basis of significant epithelial injury and
peribronchial lymphocytic inflammation (Morgan et al. 2008).

In an oral repeat-dose toxicity study, male and female CFE (Crl:OFA(SD)) rats were
administered 0, 10, 30, 90, or 540 mg/kg bw/day of diacetyl in water by oral intubation
for 90 days. At the highest dose of 540 mg/kg bw/day, rats showed decreased body
weight gain and increased water consumption. Effects observed included anemia,
increased leucocyte counts, and an increase in relative weights of brain, liver, kidney,
adrenals, and pituitary glands (organ weight increases were greater than the changes
likely to be associated with decreased body weight). Ulcers were observed in both
squamous and glandular parts of the stomach mucosa. No adverse effects were noted
in lower dose groups. However, slight, but not statistically significant, anemia and
increased relative weights of some organs were noted at lower doses in the absence of
histopathological changes in the stomach. The authors concluded that the NOAEL of
diacetyl in this study was 90 mg/kg bw/day, although it is not clear whether the effects
observed at 540 mg/kg bw/day may have been secondary to the ulcer formation (Colley
et al. 1969 reviewed in IPCS 1999; SCOEL 2014).
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The results of another repeated-dose oral study suggest that diacetyl may induce
neurological and reproductive effects (Bawazir 2016). Daily administration of

25 mg/kg bw/day diacetyl to rats via oral tube during a 4-week study resulted in
changes in the levels of several neurotransmitters in different areas of the brain as well
as a decrease in serum testosterone levels. Histological changes in the testes, which
were associated with a significant decrease in mature sperm and tubular deficits, were
observed. However, the published account of this study was very limited as only one
dose was tested and the study lacked a proper control.

Short-term and acute toxicity

Acute and short-term exposures to diacetyl vapour caused a wide range of nasal and
olfactory lesions in rodents (Hubbs et al. 2002; Morgan et al. 2008; Larsen et al. 2009;
Morris and Hubbs 2009), affected sensory neurons (Goravanahally et al. 2014), and led
to airway hyporeactivity (Zaccone et al. 2013).

Hubbs et al. (2008) exposed male Hla:(SD)CVF rats (6/exposure group) to diacetyl at
concentrations over a 6-hour period through continuous exposure at time-weighted
average (TWA) concentrations of 0, 99.3, 198.4, or 294.6 ppm (0, 355, 710, or

1,055 mg/m3, respectively); through 4 15-minute pulse exposures over a 6-hour period
at TWA concentrations of 0, 122, 225, or 365 ppm (0, 437, 806, or 1,307 mg/m?3,
respectively); or through a single 15-minute pulse exposure to a TWA concentration of
92.9 ppm (333 mg/m?3). Both pulsed and continuous exposure patterns caused epithelial
injuries, including epithelial necrosis and suppurative/fibrinosuppurative inflammation in
the nose, larynx, trachea, and bronchi. The most severe effect was observed in the
nose. The larynx and trachea were affected at diacetyl concentrations of 225 ppm or
higher, and bronchi were affected at concentrations of 294.6 ppm or higher. In rats
exposed to the single 15-minute pulse exposure (TWA of 92.9 ppm), significant
histological changes (that is, necrosis) occurred in the nose. The authors concluded that
the NOAEC for acute inhaled diacetyl was less than 93 ppm (333 mg/m?3), which is
considered here to be the LOAEC.

Reproductive and developmental toxicity

In groups of CD-1 mice and albino Wistar rats administered diacetyl by gavage on days
6 to 15 of gestation at doses of up to 1,600 mg/kg bw/day, no effects were seen on
maternal survival, weight, and reproductive parameters or on fetal survival or
microscopic appearance of external, skeletal, or soft tissues. Similarly, no maternal or
developmental effects were observed in hamsters administered doses of up to

1,600 mg/kg bw/day on gestation days 6 to 10 (US FDA 1973 reviewed in WHO 1999a;
EFSA 2004).

Effects in humans
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In several epidemiological studies, inhalation of vapours containing diacetyl and other
substances by workers at microwave popcorn or flavouring manufacturing facilities has
been consistently associated with the development of diverse respiratory impairment
conditions such as obliterative bronchiolitis (Kreiss et al. 2002; Parmet and Von Essen
2002; van Rooy et al. 2007; CDC 2016). Bronchiolitis obliterans (BO) is a rare,
irreversible lung disease characterized by chronic scarring and severe narrowing of the
bronchial airways (Hubbs et al. 2008). During the formation and development of BO, a
number of other pathological conditions have been observed, including symptoms of
allergic pulmonary inflammation, asthma, diffuse interstitial fibrosis, and granuloma,
chronic obstructive lung disease with and without emphysema, exogenous allergic
alveolitis, and pneumonia (Hubbs et al. 2008; European Commission 2014). Several
case reports, case series, and cross-sectional studies have been reviewed by the EU
(SCOEL 2014) and CDC (2016). The term “popcorn lung” is often used to describe the
respiratory symptoms observed in these employees. Similar effects have been reported
in case studies of repeated consumer exposure to microwave popcorn (that is, daily
consumption) over 10 years (Egilman and Schilling 2012).

7.3.2.2 2,3-PD

2,3-PD has been reviewed by IPCS (1999), EFSA (2004), and CDC (2016). These
reviews provide a basis for the health effect characterization in this assessment. A
literature search was conducted from a year prior to the CDC (2016) up to January
2020, and significant new information was included to support risk characterization.

Toxicokinetics

Zaccone et al. (2015) showed that 2,3-PD could be metabolized to 2,3-hydroxy-3-
pentanone by human airway epithelium.

Carcinogenicity and genotoxicity

No carcinogenicity data were identified for 2,3-PD. 2 studies showed that 2,3-PD was
not mutagenic in Salmonella (Kim et al. 1987; Aeschbacher et al. 1989 reviewed in
WHO 1999a and EFSA 2004, 2016). 2,3-PD did not cause formation of micronuclei in
either rats or mice of both sexes (NTP 2017).

Repeated-dose toxicity

In a repeated-dose inhalation study, male and female Wistar Han rats and B6C3F1
mice were exposed to 2,3-PD by inhalation at concentrations of 0, 6.25, 12.5, 25, 50, or
100 ppm (0, 26, 51, 102, 205, or 409 mg/m3, respectively) 6 hours/day, 5 days/week for
14 weeks. Results similar to those reported in the sub-chronic study with diacetyl were
observed. At 205 and 409 mg/m?3, clinical observations were noted, including abnormal
breathing, sneezing, and eye abnormality. Significantly increased incidences of non-
neoplastic lesions occurred in the respiratory tract of male and female rats, including
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epithelium hyperplasia in the nose and metaplasia in the larynx. At 102 mg/m?® and
above, incidences of respiratory epithelium hyperplasia in the nose were significantly
increased in males, while incidences of respiratory epithelium metaplasia in the larynx
were significantly increased in females. In mice, significantly decreased body weight
gain and changes in internal organ weights of both sexes (in the absence of
histopathological alterations) were observed at 205 mg/m3 and higher, along with
increased incidences of non-neoplastic lesions of the respiratory tract. At 102 mg/m?,
incidences of respiratory epithelium metaplasia and regeneration were significantly
increased in male mice. The NTP considered the NOAEC for respiratory tract effects in
both rats and mice to be 51 mg/m? and the NOAEC for non-respiratory tract effects in
mice to be 102 mg/m3 (NTP 2017).

No oral repeat-dose toxicity study was reported for 2,3-PD. Therefore, route-to-route
extrapolation of the NOAEC for non-respiratory tract effects was carried out from the
sub-chronic inhalation study on 2,3-PD to obtain a NOAEL of 24 mg/kg bw/day (see
Appendix F). The NOAEL from the oral sub-chronic study with diacetyl was also used
as a read-across to estimate a NOAEL of 105 mg/kg bw/day for 2,3-PD to be used as
support for hazard characterization (see Appendix F).

Acute and short-term repeated-dose toxicity

Acute and short-term exposure to 2,3-PD for up to 2 weeks induced a range of
histopathological lesions resembling bronchiolitis obliterans-like lesions similar to those
occurring in humans (including necrotizing rhinitis, tracheitis, mucosal inflammation,
squamous metaplasia and regenerative changes, epithelial atrophy, and exudate and
lymphoid deposits) in the nose, larynx, trachea, and/or lungs of mice and rats at all
concentrations tested (Morgan et al. 2012; Hubbs et al. 2012; Zaccone et al. 2013; NTP
2018).

Effects in humans

Similar to diacetyl, 2,3-PD is an additional a-dicarbonyl butter flavouring used in the
microwave popcorn industry and other food manufacturing settings and has been
implicated as a potential cause of occupational lung disease (Hubbs et al. 2019).

7.3.2.3 Acetoin

Acetoin has been reviewed by IPCS (1999) and EFSA (2004, 2016). These reviews
provide a basis for the health effect characterization in this assessment. A literature
search was conducted from a year prior to EFSA (2016) up to January 2020, and some
information was identified in an NTP technical report on the carcinogenicity of diacetyl
(NTP 2018).

Toxicokinetics
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Acetoin is metabolized primarily via oxidation at low concentration in vivo and by
reduction to diacetyl at high concentration (EFSA 2004; NTP 2007a).

Carcinogenicity and genotoxicity

In a screening test for pulmonary carcinogenicity of food additives, in which a limited
number of tissues were evaluated, no increase in lung tumours was observed in strain A
mice administered acetoin by intraperitoneal injection 3 times per week for 7 weeks
(Stoner et al. 1973).

Several studies indicated that acetoin was not mutagenic in Salmonella or Escherichia
coli (WHO 1999a; EFSA 2004; NTP 2017).

Repeated-dose toxicity

In an oral study, male and female CFE rats (15/group) were administered acetoin in
drinking water at concentrations of 0, 750, 3,000, or 12,000 ppm (equivalent to 0, 85,
330, or 1,300 mg/kg bw/day) for 13 weeks (Gaunt et al. 1972). At concentrations of 85
and 330 mg/kg bw/day, no significant effects were observed with respect to body weight
gain, hematological findings, serum chemistry, renal cell excretion, urinary
concentration tests, organ weights, or histopathology. At the highest concentration,
body weights were significantly decreased in males from week 5 onwards, and relative
liver weight was significantly increased at weeks 2, 6, and 13; females showed the
same effects after 13 weeks. These effects were not accompanied by any
histopathological changes and were probably due to metabolic load from acetoin intake.
Small but statistically significant decreases in hemoglobin concentration and erythrocyte
counts were also observed at the highest dose in both sexes. The authors concluded
that the NOAEL was 3,000 ppm in the drinking water (equivalent to 330 mg/kg bw/day)
based on the effects of decreased body weight gain and hematological effects (Gaunt et
al. 1972 reviewed in IPCS 1999).

Male and female Wistar Han rats and B6C3F1/N mice were exposed to acetoin by
whole body inhalation at concentrations of up to 800 ppm (2,883 mg/m?) for 6 hours per
day, 5 days/week for 14 weeks. No exposure-related effects on survival, body weights,
organ weights, clinical pathology, or histopathology were observed in either species
following exposure to acetoin concentrations up to the highest concentration tested (that
is, 2,883 mg/m3) (NTP 2017).

7.3.3 Risk characterization of subgroup 3 (diacetyl, 2,3-PD, and acetoin)
Diacetyl

Although diacetyl has not been classified by any agency on the basis of carcinogenicity
or other health effects, recent NTP studies (2018) demonstrated some evidence of
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carcinogenic activity in two-year inhalation studies in mice and rats, with significant
increases in incidences of nasal tumours at 179 mg/m3. Evidence also indicates that
diacetyl may be genotoxic. More recent information suggests that toxicity is largely due
to diacetyl existing as a reactive short-chain a-dicarbonyl compound, which elicits
cytotoxicity through modification of essential proteins, interactions with DNA, and cell
injury by reactive oxygen species (Hubbs et al. 2019).

Chronic exposure to diacetyl also resulted in increased incidences of non-cancer effects
in the nose, larynx, trachea, and lung of mice at all concentrations tested (LOAEC of

45 mg/m?3), with more severe effects on the respiratory system occurring at higher
concentrations in mice and rats. A similar spectrum of respiratory tract effects was also
observed in sub-chronic, short-term, and acute studies in rodents. Both pulsed and
continuous exposure to diacetyl for as short a duration as 15 minutes caused epithelial
injuries, with the NOAEC for acute inhaled diacetyl considered to be less than 333
mg/m3 (Hubbs et al. 2008).

The data set available in regards to the toxicity of oral exposure to diacetyl is more
limited. In a sub-chronic study in rats, effects on hematological parameters and several
organ weights were noted at 540 mg/kg bw/day (NOAEL of 90 mg/kg bw/day), which
may have been secondary to the observed stomach ulceration (Colley et al. 1969
reviewed in IPCS 1999; EFSA 2004; SCOEL 2014). In light of the limitations of the other
oral studies identified (Bawazir 2016; US FDA 1973 reviewed in IPCS 1999; EFSA
2004) and the systemic oral NOAEL of 330 mg/kg bw/day reported for acetoin (a
metabolite of diacetyl that has been demonstrated to be less potent than diacetyl in
studies involving similar protocols) in a drinking water study (Gaunt et al. 1972), it is
suggested that the true NOAEL for diacetyl could potentially be between

90 mg/kg bw/day and 330 mg/kg bw/day.

Several lines of evidence demonstrate that the effects observed in inhalation studies in
laboratory animals are relevant to humans and support the conclusion of the
epidemiologically based quantitative risk assessment for diacetyl (CDC 2016) on the
basis of reports on the development of diverse respiratory impairment in workers at a
microwave popcorn or flavouring manufacturing plants (Kreiss et al. 2002; Parmet and
Von Essen 2002; van Rooy et al. 2007). However, dosimetry modelling estimates
suggest that tissue concentrations of diacetyl in the respiratory tract of humans might be
20- to 40-fold greater than those in exposed rodents (Gloede et al. 2011) and that
bioassay data in rodents might underestimate the risk of bronchiolar injury in humans
(Cichocki and Morris 2017).

The predominant source of exposure to diacetyl for the general population is through
the diet. The estimated oral intake from the use of diacetyl as a possible flavouring
agent in foods for the general population 1 year of age and older (55 pug/kg bw/day to
133 ug/kg bw/day) is less than intakes that have been estimated from natural
occurrence (281 ug/kg bw/day to 1,625 ug/kg bw/day) for this substance. Considering
that the true NOAEL for diacetyl is likely to be between 90 mg/kg bw/day and
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330 mg/kg bw/day (sub-chronic oral toxicity study in rats) and that effects in rats are
likely linked to ulcer formations in the stomach, the intake of diacetyl from its natural
occurrence in food was not identified as a concern for human health (MOEs fall
between 255 and <203). MOEs for diacetyl from its use as a possible flavouring agent in
food are 2677 and are considered adequate to account for uncertainties in the available
health effects and exposure data used to characterize risk. In addition, the JECFA
(WHO 1999a) concluded that there is “no safety concern at current levels of intake
when used as a flavouring agent; secondary components do not raise a safety concern”

on the basis of the dietary exposure estimates for substances in this flavouring

grouping.

Table 7-16 provides all of the relevant exposure values and the critical health effects for
diacetyl as well as the resulting MOEs for the characterization of risk.

Table 7-16. Relevant exposure and hazard values for diacetyl, as well as margins

of exposure (MOE), for characterization of risk

Exposure Exposure Critical effect Critical health effect MOE
scenario P level endpoint
. . Nasal and laryngeal
Microwave Concentration _
popcorn after 15 min. LOAE& =333 effects : 8,325
: , _ 3 | mg/m (necrosis/inflammation
(inhalation) = 0.04 mg/m ) DA
in epithelium)

6-hr TWA =

0.0198 (20
ot wor |Jesane | LOAEC=as | NeSefeds oudale 5
: ) older) to mg/m3P phy or t 2,273
(inhalation) 0.014 (5 to 11 olfactory epithelium)

years) mg/m?

6-hr TWA =
Body 0.04 mg/m3 Nasal effects (exudate

S LOAEC =45

m0|stur!zer mg/m3b and atrophyl of the 1,125
(inhalation) (12 years and olfactory epithelium)

older)

Abbreviations: LOAEC, lowest observed-adverse-effect concentration;

weighted average

MOE, margin of exposure; TWA, time-

@Hubbs et al. 2008. Target MOE = 1000 (x10 for interspecies extrapolation; x10 for intraspecies variation; x10 for use
of a LOAEC, considering severity of effect).
bNTP 2018. Target MOE = 1000 (x10 for interspecies extrapolation; x10 for intraspecies variation; x10 for use of a
LOAEC, considering severity of effect).

The MOEs for inhalation exposure to diacetyl from microwave popcorn and from its use
in cosmetics are considered adequate to account for uncertainties in the available

health effects and exposure data.
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The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated.

2,3-PD
No carcinogenicity data were identified for 2,3-PD.

Based on the preliminary results of a sub-chronic inhalation study in rats and mice (NTP
2017), the respiratory tract (the nasal passage and larynx in particular) is the target of
2,3-PD-induced toxicity, similar to observations made with diacetyl. Incidences of non-
neoplastic lesions were significantly increased in rats and mice at concentrations of 102
mg/m?3 and above (NOAEC = 51 mg/m3). Similar results were reported in shorter-term
studies with a LOAEC of 205 mg/m3, the lowest concentration tested (Morgan et al.
2012).

Although effects observed in mice and rats exposed to 2,3-PD were located mainly in
the respiratory tract, systemic effects (decreased mean body weight gain and organ
weights) were also observed at 205 mg/m?3and higher in the absence of
histopathological alterations. Therefore, with respect to oral exposures, route-to-route
extrapolation from the sub-chronic inhalation study, resulting in a NOAEL of

24 mg/kg bw/day for non-respiratory tract effects, and read-across from the sub-chronic
oral study with diacetyl, resulting in a NOAEL of 105 mg/kg bw/day, were used to
characterize the risk of ingested 2,3-PD.

The predominant source of exposure to 2,3-PD for the general population is through the
diet, primarily from its natural occurrence in foods. The estimated oral intake from the
use of 2,3-PD as a possible flavouring agent in foods for the general population 1 year
of age and older (1 pg/kg bw/day to 4 ug/kg bw/day) is less than intakes that have been
estimated from natural occurrence for this substance (6.5 ug/kg bw/day to

208 ug/kg bw/day). Although the MOE associated with an oral NOAEL of

24 mg/kg bw/day based on route-to-route extrapolation is low, in light of the absence of
histopathological changes in internal organs in laboratory animals and the conservative
approaches used to estimate exposure to 2,3-PD from its natural occurrence in food,
intake of 2,3-PD from its natural occurrence in food was not identified as a concern for
human health (MOEs range from 115 to 16,154, target MOE = 100 [x10 for interspecies
extrapolation; x10 for intraspecies variation]). The MOEs for 2,3-PD from its use as a
possible flavouring agent in food are 26,000 (target MOE = 100 [x10 for interspecies
extrapolation; x10 for intraspecies variation]) and are considered adequate to account
for uncertainties in the available health effects and exposure data used to characterize
risk. Furthermore, the JECFA (WHO 1999a) concluded that there is “no safety concern
at current levels of intake when used as a flavouring agent; secondary components do
not raise a safety concern” on the basis of the dietary exposure estimates for 2,3-PD.
Comparison of measured indoor air concentrations of 2,3-PD (2.8 ug/m?3) and the
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NOAEC of 9.1 mg/m? (adjusted for continuous exposure'? from a NOAEC of 51 mg/m?3)
results in MOEs (3,250, target MOE = 100 [x10 for interspecies extrapolation; x10 for
intraspecies variation]) that are considered adequate to address uncertainties in the
available health effects and exposure data used to characterize risk.

2,3-PD was also identified in products available to consumers, including certain
continuous air fresheners for home care and in fragrant oils, which can be used as an
air freshener. Comparison of the 6-hour TWA estimated exposures from the use of air
fresheners containing 2,3-PD (0.004 mg/m? to 0.14 mg/m3) with the NOAEC of

51 mg/m3 resulted in MOEs ranging from 364 to 12,750 (target MOE = 100 [x10 for
interspecies extrapolation; x10 for intraspecies variation]), which are considered
adequate to address uncertainties in the available health effects and exposure data.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated.

Acetoin

A limited number of toxicity studies were available for acetoin. Acetoin did not promote
lung tumours in a limited screening test for carcinogenicity of food additives in mice
(Stoner et al. 1973). Acetoin is not expected to be genotoxic.

To characterize the risk associated with oral exposure to acetoin, a NOAEL of

330 mg/kg bw/day was used and was based on changes in body weight and
hematological parameters in rats in a 13-week study (Gaunt et al. 1972 reviewed in
WHO 1999a).

On the basis of a preliminary account of the results of an inhalation study, acetoin did
not induce any effects in mice exposed to concentrations of up to 2,883 mg/m? for
14 weeks (NTP 2017), which is considered to be the NOAEC.

2 This adjustment was made according to guidance and equations outlined in the US EPA Supplemental Guidance
for Inhalation Risk Assessment (US EPA 2009b) and the US EPA Methods for Derivation of Inhalation Reference
Concentrations and Application of Inhalation Dosimetry (US EPA 1994). Adjustment of duration to a continuous
exposure scenario is done through the use of Equation 1 from US EPA (2009b) where the NOAELjapy = E x D x W,
whereby the NOAELapy) (mg/m?® ) = the no-observed-adverse-effect level (NOAEL) adjusted for the duration of the
experimental regimen; E (mg/m?) = the NOAEL or analogous exposure level observed in the experimental study; D
(h/h) = the number of hours exposed/24 hours; and W (days/days) = the number of days of exposure/7 days. The
NOAECiapy = 51 mg/m?® x 6h/24h x 5d/7d = 9.1 mg/m3.
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The predominant source of exposure to acetoin for the general population is through the
diet, primarily from its natural occurrence in foods. The estimated oral intake from the
use of acetoin as a possible flavouring agent in foods for the general population 1 year
of age and older (30 pg/kg bw/day to 47 pg/kg bw/day) is less than intakes that have
been estimated from natural occurrence for this substance (161 ug/kg bw/day to

369 ug/kg bw/day). Additional intake of acetoin from its natural occurrence in food was
not identified as a concern for human health. On the basis of the conservative
approaches used to estimate exposure to acetoin from its natural occurrence in food,
intake of acetoin from its natural occurrence in food was not identified as a concern for
human health (MOEs range from 894 to 2050, target MOE = 100 [x10 for interspecies
extrapolation; x10 for intraspecies variation]). The MOEs for acetoin from its use as a
possible flavouring agent in food are 27,021 and are considered adequate to address
uncertainties in the available health effects and exposure data used to characterize risk.
Furthermore, the JECFA (WHO 1999a) concluded that there is “no safety concern at
current levels of intake when used as a flavouring agent; secondary components do not
raise a safety concern” considering the dietary exposure estimates for substances in
this flavouring grouping. Potential inhalation exposures to acetoin in microwave popcorn
were also considered. Comparison of the conservative estimates of air concentrations
of acetoin from popping microwave popcorn (10 ug/m? to 4,200 ug/m3) with the NOAEC
of 2,883 mg/m? resulted in MOEs ranging from 686 to 288,300 (target MOE = 100 [x10
for interspecies extrapolation; x10 for intraspecies variation]), which are considered
adequate to address uncertainties in the available health effects and exposure data
used to characterize risk.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated.

7.3.4 Uncertainties in the evaluation of risk to human health for diacetyl,
2,3-PD, and acetoin

The key sources of uncertainty are presented in the table below. For diacetyl and 2,3-
PD, while there is confidence that they induce adverse health effects following
inhalation exposure, there is greater uncertainty regarding the toxicity of these
substances following long-term oral exposure; this is because ingestion in food is an
important source of population exposure owing to the natural occurrence of these
diketones in food and their use as food flavouring agents. For acetoin, although the
hazard data set is limited, there is sufficient evidence to indicate that it is of lower
toxicity than diacetyl.

There is uncertainty on the natural presence of diacetyl in milk consumed by people in
Canada and the estimated daily oral intake derived for diacetyl on the basis of a higher-
end concentration, given the wide range in diacetyl concentrations in milk reported in
the literature.
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Table 7-17. Sources of uncertainty in the risk characterization

Key sources of uncertainty Impact

Absence of or limited Canadian monitoring data in environmental media and | +/-
foods.

For the natural occurrence of diacetyl, 2,3-PD, and acetoin in food, where a | +
range of concentrations were available from the literature, maximum values
were chosen except in the case of outliers.

The potential inhalation exposures to diacetyl, 2,3-PD, and acetoin when -
cooking with foods containing these substances, both from natural sources
and as a food flavouring agent.

Insufficient information to quantify inhalation exposures to 2,3-PD from -
microwave popcorn.

Potential co-exposure to diacetyl, 2,3-PD, and acetoin from microwave -
popcorn.

Assumption that dermal exposures are minimal for diacetyl in comparison to | -
inhalation exposures, given the high volatility of the substance.

There are no chronic toxicity studies for acetoin and 2,3-PD, and the overall | -
data set on acetoin is limited.

The data set on the oral toxicity of diacetyl, 2,3-PD, and acetoin is limited. +/-

Humans are considered more sensitive to the respiratory effects of diacetyl | -
(and potentially 2,3-PD) relative to rats and mice.

There are no dermal absorption data identified for diacetyl, 2,3-PD, and +/-
acetoin.
The use of diacetyl as a read-across to assess the data gap for 2,3-PD. +/-

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

7.4 Assessment of individual substance 2,4-PD
7.4.1 Exposure assessment
Environmental media

No data were identified on the presence of 2,4-PD in indoor or outdoor air, drinking
water, or soil, in Canada or elsewhere. Considering its physical and chemical
properties, if released into the environment, 2,4-PD is expected to be distributed mainly
into water (~90%) and, to a lesser extent, into air (~10%) (HSDB 1983- ; OECD 2001).
2,4-PD is likely to have high mobility in soil and is not likely to adhere to sediment or
suspended particles in water (HSDB 1983- ).

The level Il fugacity model known as ChemCAN (2003) was run to derive potential
environmental concentrations of 2,4-PD for Canada using the upper-end quantity data
from Table 4-1 (that is, 1,000,000 kg) and assuming that total import quantity was
released into a single region of Canada (that is, the Ontario Mixed-Wood Plain region).
The estimated concentration from air, water, and soil was 6.5 ng/m3, 2.7 ng/L, and
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0.025 ng/g, respectively. These concentrations were used to estimate exposure to 2,4-
PD from environmental media (air, water, and soil) for the general population of
Canada. Concentrations of 2,4-PD derived from ChemCAN for soil were all in the
nanogram range; with resulting exposures of less than 1 ng/kg bw/day, they are
therefore considered to be negligible.

Estimates of exposure for 2,4-PD from environmental media ranged from 0.002 pg/kg
bw/day for people 60 years of age and older to 0.004 ug/kg bw/day for people 6 months
to 4 years of age (Health Canada 2024). More detail is available in Health Canada
(2024).

Food

2,4-PD was identified as a naturally occurring volatile component in a few food items
including beef, chicken, coffee, mushrooms, papaya, and passion fruit (Nijssen et al.
1963-2018). Quantitative data were only available for roasted chicken (0.004 ppm) and
passion fruit juice (<0.01 ppm) and were used to estimate potential exposures to 2,4-PD
from food for the general population of Canada. Quantitative exposure estimates for
2,4-PD from its natural occurrence in food'3 ranged from 0.02 ug/kg bw/day for adults
19 years and older to 0.1 ug/kg bw/day for 1- to 3-year-olds (see Appendix C for
details).

Exposure is not expected when 2,4-PD is used as a component in the manufacture of
food packaging materials.

Products used by consumers

2,4-PD was not identified in any products currently available to consumers in Canada.
7.4.2 Health effects assessment

2,4-PD has been reviewed by OECD (2001) and EFSA (2004). These reviews provide a
basis for the health effect characterization in this assessment. A literature search was
conducted from a year prior to the OECD SIDS SIAR (2001) up to June 2017, in
addition to targeted searches up to January 2020. Significant new information was
included to support risk characterization.

Toxicokinetics

EFSA (2004) noted that the substance was expected to be readily absorbed from the
gastrointestinal tract and widely distributed and metabolized, considering its structure

'3 Infants 0 to 6 months old are assumed to be exclusively human milk-fed or formula-fed.
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and physicochemical characteristics. No toxicokinetic information was identified for
dermal exposure of 2,4-PD.

Carcinogenicity and genotoxicity

In a 2-year inhalation carcinogenicity study, F344 rats and B6D2F1 mice were exposed
to 2,4-PD vapours at target concentrations of 0, 100, 200, or 400 ppm (0, 417, 834, or
1,668 mg/m3, respectively) for 6 hours/day, 5 days/week for 2 years (JBRC 2010a,b).
No significantly increased incidences of neoplastic lesions were observed in the
extensive range of tissues examined from exposed animals.

The potential genotoxicity of 2,4-PD has been reviewed in OECD (2001) and EFSA
(2004). Overall, 2,4-PD was not consistently mutagenic in vitro but showed a
clastogenic potential (chromosomal aberrations and sister chromatid exchanges),
notably in the absence of metabolic activation (Ballantyne and Cawley 2001; OECD
2001; NTP 2019). In vivo, a clastogenic potential (micronuclei) was observed in mice
exposed via oral and intraperitoneal administration, but not in rats or mice exposed via
inhalation, suggesting a route dependence (Ballantyne and Cawley 2001; OECD 2001;
NTP 2019). Oral administration of 2,4-PD induced DNA damage in mice (NTP 2019),
but not in rats (ECHA c2007-2019d). Negative results were obtained for chromosomal
aberrations in spermatogonia of mice (OECD 2001), although inhalation exposure
resulted in a slight transient dominant lethal effect in rats (Tyl et al. 1989). EFSA (2004)
concluded that the use of 2,4-PD as a flavouring substance is not acceptable due to its
genotoxic (clastogenic) potential.

Repeated-dose toxicity

In a dermal study, New Zealand White rabbits were exposed to 2,4-PD at doses of 0,
244,975, and 1,463 mg/kg bw/day by occluded contact daily for 9 days (Ballantyne
2001 as cited in OECD 2001). In the high dose group (1,463 mg/kg bw/day),
approximately 50% of animals of either sex died. At the middle and high doses, 2,4-PD
caused signs of hypoactivity, prostration, salivation, tremors, gasping, convulsions,
cyanosis (as derived from blue cutis of the nasal area), and reduced body weight gain
and food consumption, as well as hemorrhages and neuronal degeneration in the brain.
On the basis of systemic effects, the author established a NOAEL of 244 mg/kg bw/day
and a LOAEL of 975 mg/kg bw/day.

With respect to oral exposure, according to limited data, administration by gavage of
doses of 500 mg/kg bw/day to rats for 2 weeks resulted in a range of systemic effects in
the bladder, lungs, eyes, thymus, liver, kidneys, heart, and lymph nodes, and all animals
administered 1,000 mg/kg bw/day died; the NOAEL was considered to be 100 mg/kg
bw/day (Eastman Kodak 1979 as cited in OECD 2001). Other gavage studies by these
investigators cited in EFSA (2004) include a 126-day study in rats (NOAEL <200 mg/kg
bw/day) and a 14-day study in rabbits (NOAEL = 250 mg/kg bw/day); however, details
provided are insufficient for evaluation.
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Rats and mice were exposed to 2,4-PD concentrations of up to 1,668 mg/m? in a 2-year
inhalation carcinogenicity study, as described above (JBRC 2010a,b). In rats, non-
neoplastic lesions were located mainly in the nasal cavity in both sexes at 834 mg/m3
and above, including squamous metaplasia of the respiratory epithelium, inflammation
hyperplasia of the transitional epithelium, and atrophy of the olfactory epithelium.
Similarly, nasal cavity effects observed in mice included squamous metaplasia,
eosinophilic change, ulcer, necrosis, and transitional cell hyperplasia in the respiratory
epithelium; atrophy, respiratory metaplasia, eosinophilic change, and necrosis in the
olfactory epithelium; and respiratory metaplasia in the sub-mucosal gland at 834 mg/m?
and 1,668 mg/m3, while exudate and atrophy in the olfactory epithelium occurred at all
concentrations. Alterations in biochemical parameters were also noted in males and
females at 834 mg/m? and 1,668 mg/m3. Considering the nasal lesions, the study
authors identified 417 mg/m? as the NOAEC in rats and the LOAEC in mice (JBRC
2010a,b).

Inhalation exposure of rats to 0, 100, 300, or 650 ppm (0, 417, 1217, or 2,711 mg/m?3,
respectively) 2,4-PD for 14 weeks induced a wide range of systemic effects at

1,217 mg/m? and above and high mortality at 2,711 mg/m3. On the basis of
hematological, clinical, and urinary chemical effects in the 1,217 mg/m?3 group and
severe effects at 2,711 mg/m3, including histopathological effects in the brain and
thymus, the authors established a NOAEC of 417 mg/m3 for this study (Dodd et al. 1986
as cited in OECD 2001). In a 2-week study by the same authors, the NOAEC and
LOAEC were determined to be 834 mg/m3 and 1,668 mg/m3, respectively, on the basis
of reduced organ weights and nasal necrosis or inflammation at higher concentrations
(OECD 2001).

Since no long-term oral studies were available, a route-to-route extrapolation from the
inhalation NOAEC of 417 mg/m? from the14-week study above was carried out to obtain
an oral NOAEL of 23 mg/kg bw/day (see Appendix F).

Reproductive and developmental toxicity

In the sub-chronic inhalation study in male and female F344 rats exposed to 2,4-PD at
concentrations of up to 2,711 mg/m3, no significant pathological findings were noted in
the testes and epididymis of males or in the uterus, cervix, and ovaries of females
(Dodd et al. 1986 as cited in OECD 2001). No studies were identified in which the
potential effects of exposure to 2,4-PD on reproductive performance were investigated.

In an inhalation developmental toxicity study, pregnant F344 rats were exposed to
concentrations of 0, 53, 202, or 398 ppm (0, 217, 827, or 1,629 mg/m3, respectively) of
2,4-PD for 6 hours/day through GD 6 to 15 (Tyl et al. 1990). No effects were observed
on the number of corpora lutea, viable implants per litter, pre- or post-implantation
losses, or fetal sex ratio. Significantly reduced fetal body weights per litter
(approximately 10%) were reported for males, females, and all fetuses at 1,629 mg/m3.
At this concentration, a consistent pattern of reduced fetal ossification, skeletal
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variations and reduced maternal weight was also reported. At 827 mg/m?3, there was a
slight but statistically significant reduction (approximately 3%) in fetal body weights per
litter in males only. The authors concluded the NOEC to be 217 mg/m? for both
maternal and developmental toxicity (Tyl et al. 1990). Likewise, the OECD (2001)
considered 217 mg/m? to be the developmental NOAEC. However, in light of the
minimal decrease in body weight in male fetuses only, which is unlikely to be
considered adverse, the NOAEC for developmental and maternal toxicity is considered
in this health effects assessment to be 827 mg/m3.

7.4.3 Risk characterization of 2,4-PD

2,4-PD was not carcinogenic in rats and mice exposed via inhalation. Non-cancer
lesions were mainly located in the nasal cavity (JBRC 2010a,b). However, clastogenic
effects were reported for 2,4-PD, leading EFSA (2004) to conclude that the use of 2,4-
PD as a food flavouring substance is not acceptable.

Systemic and developmental toxicities are identified as critical health effects for
characterizing the risk of shorter-term inhalation exposure to 2,4-PD. The NOAEC for
systemic and developmental toxicity in rats was established at 827 mg/m3. A NOAEC of
834 mg/m?3 from a 14-day study in rats (Dodd et al. 1986 as cited in OECD 2001)
supports the selection of this critical effect concentration for risk characterization. With
respect to longer-term exposure, various systemic effects were observed in the 14-week
study in rats, and the NOAEC was established at 417 mg/m? (Dodd et al. 1986 as cited
in OECD 2001).

With respect to chronic exposure, according to limited data, the short-term gavage study
with a NOAEL of 100 mg/kg bw/day (Eastman Kodak 1979 as cited in OECD 2001) and
a route-to-route extrapolation from the developmental inhalation study for longer-term
exposure (resulting in a NOAEL of 23 mg/kg bw/day) were considered.

Dermal exposure to 2,4-PD also produced a range of effects in rabbits administered
500 mg/kg bw/day; therefore, a NOAEL of 244 mg/kg bw/day (Ballantyne 2001 as cited
in OECD 2001) was used to characterize the risk associated with dermal exposure to
2,4-PD.

The general population of Canada is exposed to 2,4-PD in small amounts through
environmental media and the diet as a result of its natural occurrence in foods.
Comparison of the estimates of exposure for 2,4-PD from environmental media
(0.002 pg/kg bw/day to 0.004 ug/kg bw/day) and the NOAELs of 100 mg/kg bw/day
(systemic toxicity in a 2-week oral study) and 23 mg/kg bw/day (route-to-route
extrapolation from a 14-week inhalation study) resulted in MOEs (>3 million, target MOE
=100 [x10 for interspecies extrapolation; x10 for intraspecies variation]) that are
considered adequate to address any uncertainties in the available health effects and
exposure data used to characterize risk. Additional intake of 2,4-PD from its natural
occurrence in food was not identified as a concern for human health.
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The calculated MOEs for exposure to 2,4-PD from environmental media are considered
adequate to address uncertainties in the available health effects and exposure data
used to characterize risk. Additional intake of 2,4-PD from its natural occurrence in food
was not identified as a concern for human health.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
exposures, including for infants and children, were estimated, and developmental and
reproductive toxicity studies were evaluated for potential adverse health effects.

While exposure of the general population to 2,4-PD is not of concern at current levels,
there is the potential for exposures to increase in the future. Given the potential health
effects of concern associated with this substance there may be a concern for human
health if exposures were to increase.

7.4.4 Uncertainties in the evaluation of risk to human health

The key sources of uncertainty are presented in the table below. In light of the evidence
of the genotoxicity of 2,4-PD, it would be helpful to have additional data from longer-
term studies to increase confidence that potential risks from prolonged exposures would
be low.

Table 7-18. Sources of uncertainty in the risk characterization

Key source of uncertainty Impact

Absence of or limited Canadian monitoring data in environmental media and | +/-
foods.

There are no chronic oral or dermal studies or sub-chronic oral studies for +/-
2,4-PD.

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

7.5 Assessment of individual substance MO
7.5.1 Exposure assessment
Environmental media

MO was measured in the CHMS Cycle 2 indoor air study and in a smaller indoor air
study from Quebec (personal communication, email from the Environmental Health
Science and Research Bureau [EHSRB], HC, to the ESRAB, HC, dated December
2012, unreferenced; Won and Lusztyk 2011). MO was detected in less than 12% of
samples (limit of detection 0.16 yg/m?3) in the CHMS study, with a geometric mean
concentration below the limit of detection and a 95th percentile concentration of 0.26
ug/m3 (weighted data at the household level) (Zhu et al. 2013). The geometric mean
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indoor air concentration of MO from 12 samples from the Quebec field study was 0.30
ug/m3, with a maximum of 4.15 ug/m?3 (Won and Lusztyk 2011).

No Canadian data on the presence of MO in water were identified. MO was qualitatively
detected in drinking water from Cincinnati, Ohio, as well as in a river in Switzerland
(HSDB 1983- ). Because of its moderate Henry’s law constant and high vapour
pressure, MO is likely to volatilize from water (HSDB 1983- ); therefore, drinking water is
not expected to be a significant source of population exposure.

No data were identified on the presence of MO in soil in Canada or elsewhere. Owing to
its low Log Koc, MO is likely to have high mobility in soil and is not likely to bind to
sediment or suspended particles in water (HSDB 1983- ); soil is therefore not expected
to be an important source of exposure.

Estimates of exposure for MO from air (assuming indoor and ambient air concentrations
are the same) ranged from 0.8 ug/kg bw/day for people 60 years of age and older to
2.5 ug/kg bw/day for people 6 months to 4 years of age (Health Canada 2024). More
detail is available in Health Canada (2024).

Food

MO is naturally occurring in various food items, including nectarines, bell pepper,
tomatoes, crisp bread, parmesan cheese, milk, coffee, tea, peanuts, basil, and shrimp,
to name a few (Nijssen et al. 1963-2018; Burdock 2010). It can also be used as a food
flavouring agent in baked goods, frozen dairy, gelatins/puddings, milk products, and soft
candy (Burdock 2010). Quantitative exposure estimates for MO from its natural
occurrence in food' ranged from 0.3 pg/kg bw/day for people 6 to 12 months old to

2 ug/kg bw/day for people 2 to 3 years old (see Appendix C for details). In the absence
of data on its actual use in Canada, the per capita intake estimate is an acceptable
estimate of possible dietary exposure to MO from its use as food flavoring agent for the
general population (1 year of age and older).

The JECFA evaluated a group of aliphatic secondary alcohols, ketones, and related
esters used as flavouring substances, including MO (WHO 2003). As part of that
evaluation, the Committee estimated the per capita intake of MO from its use as a food
flavouring agent to be 0.0067 pg/kg bw/day for the European population (no intake data
were reported for the US) (see Appendix C for details).

Products available to consumers

MO was not identified in any products available to consumers in Canada.

4 Infants 0 to 6 months old are assumed to be exclusively human milk-fed or formula-fed.
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7.5.2 Health effects assessment of MO

MO has been reviewed by the OECD (1997b) and EFSA (2012). These reviews provide
a basis for the health effects characterization in this assessment. A literature search
was conducted from one year prior to the OECD publication (1997b) until October 2019.
No new information was identified on the health effects associated with exposure to
MO.

Toxicological information available for MO is limited; therefore, route-to-route
extrapolation for MO is supported by read-across from the analogue 6-methyl—5-
heptene-2-one (MHE, CAS RN 110-93-0). MHE was the only analogue identified for the
read-across of MO on the basis of structural similarity and data availability (TERA
2004). Both MO and MHE are unsaturated ketones; MO contains an alkene group and a
ketone group on adjacent carbon atoms, while MHE contains an additional 2 carbons in
the chain between the alkene and ketone group. This structural difference suggests that
MO may be more reactive (and therefore more toxic) than MHE due to the presence of
an a, B-unsaturated carbonyl. Toxicity data on MHE have been used to read across to
MO where required.

Carcinogenicity and genotoxicity
No carcinogenicity data were identified for MO.

MO was not mutagenic in Salmonella, Escherichia coli or the mouse lymphoma assay,
nor did it induce micronuclei in cultured human lymphocytes or in mice administered MO
by intraperitoneal injection (ECHA c2007-2019e).

Repeated-dose toxicity

Two studies are available for repeated-dose inhalation toxicity for MO, and no data are
available by either the oral or dermal route.

A combined repeated-dose and reproductive/developmental toxicity study was
conducted in groups of SD rats exposed through whole-body inhalation to MO at
concentrations of 0, 31, 103, and 302 ppm (0, 124, 413, and 1,211 mg/m3, respectively)
for 6 hours/day, 7 days/week for a total of 49 exposures for male rats and 36 to 49
exposures for female rats. There were no effects on mortality, hematological or
urinalysis parameters, or in gross pathology for the parental animals. However,
significant reductions in feed consumption, body weight, and body weight gain, along
with clinical abnormalities and nasal passage pathology, were observed in all test
groups in a concentration-dependent matter. The clinical abnormalities included an
increased incidence of post-exposure porphyrin nasal discharge and sialorrhea.
Histopathological findings included the presence of sero-cellular exudates, chronic focal
inflammation, and focal metaplasia of the respiratory and olfactory epithelium of the
nasal passage. These changes are considered a common response to an irritating
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vapour (Bernard and Faber 1992 as cited in OECD 1997b). An inhalation LOAEC of
124 mg/m?® was determined from the effects on feed consumption, body weights, body
weight gain, and nasal passage histopathology (OECD 1997b; US EPA 2006; ECHA
c2007-2019¢). No inhalation NOAEC for systemic toxicity was identified in this study.

Groups of male Wistar rats and guinea pigs of both sexes were exposed through whole-
body inhalation to MO at concentrations of 0, 50, 100, 250, or 500 ppm (0, 200, 400,
1,000, or 2,000 mg/m3, respectively) for 8 hours/day, 5 days/week for 6 weeks.
Published results were not separated by species. An increased incidence of mortality
(65%) was noted at 2,000 mg/m3, after which the authors limited the duration at this
level to 10 exposures. Chronic conjunctivitis, nasal irritation, and mild albuminuria were
observed at 1,000 mg/m? and 2,000 mg/m3. Concentration-related increases of
pathological effects were observed in the kidney, lung, and/or liver at levels of

400 mg/m3 and higher. The pathological changes included poor growth, congestion of
the liver, dilated Bowman’s capsules, swollen convoluted tubular epithelium in the
kidney, and congestion of the lungs. No effects were seen at 200 mg/m? (Smyth et al.
1942). A NOAEC of 200 mg/m?3 was presented in the ECHA REACH Registration
Dossier on the basis of pathological changes in lung, liver, and/or kidney (ECHA c2007-
2019e).

Reproductive and developmental toxicity

In the combined repeated-dose and reproductive/developmental toxicity study described
above (Bernard and Faber 1992 as cited in OECD 1997b), in which groups of SD rats
were exposed to MO for a total of 49 days for male rats and a total of 36 to 49 days for
female rats (through day 20 of gestation), no significant effects on reproductive organs,
performance, or gestation length were observed at any concentration tested. However,
a reduction in the number of litters produced by the mating pairs was observed at

1211 mg/m3. No external malformations were noted; no histopathological examination
was conducted in pups. The NOAEC for reproductive toxicity was 413 mg/m? based on
the decrease in litters (Bernard and Faber 1992 as cited in OECD 1997b; US EPA
2006; ECHA c2007-2019e).

No information has been identified on the potential reproductive and developmental
toxicity from oral or dermal exposure to MO.

Route-to-route extrapolation and read-across for hazard characterization

Owing to the lack of data on the toxicity of orally administered MO, observations from
inhalation studies are considered in a route-to-route extrapolation approach. In the
combined repeated-dose and reproductive/developmental toxicity study in rats, the
critical effects mainly occurred in the nasal passage (that is, the site of contact), which
the OECD (1997b) attributed to the irritative property of MO. Therefore, it is considered
more appropriate to use the NOAEC of 2200 mg/m?3 from the 6-week inhalation study in
rats, in which systemic effects in the liver and kidney were observed in order to derive
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an oral NOAEL for MO. The adjusted oral NOAEL for repeated-dose toxicity is
15.0 mg/kg bw/day (see Appendix F).

MHE (CAS RN 110-93-0) was identified as an analogue that could be used for read-
across of MO because of its structural similarity and data availability (TERA 2017). A
NOAEL of 39 mg/kg bw/day for MO can be derived by read-across from the oral NOAEL
of 50 mg/kg bw/day from MHE (based on alterations in hematological and clinical
chemistry parameters in a 90-day study with rats [OECD 2003] by adjusting for
molecular weight [Appendix A, Table A-4]). This read-across-based NOAEL for MO is
similar to the route-to-route extrapolation-based NOAEL (that is, it is only about 2.5-fold
greater, as may be expected because of the longer chain).

7.5.3 Risk characterization of MO
No carcinogenic studies on MO have been identified.

The LOAEC of 124 mg/m?3 for systemic toxicity in rats was used to characterize the risk
associated with inhalation exposure to MO (OECD 1997b; ECHA c2007-2019e).
Although no oral toxicity studies on MO have been identified, route-to-route
extrapolation of the NOAEC from a 6-week inhalation study (Smyth et al. 1942; ECHA
c2007-2019e) is considered appropriate to characterize potential hazards associated
with ingestion of the substance. The equivalent oral NOAEL was determined to be

15 mg/kg bw/day (see Appendix F). This value is supported by reading across from
toxicity data for an analogous substance, MHE.

The predominant source of exposure to MO for the general population is through air and
the diet as a result of its natural occurrence in foods.

MO was not identified in any products available to consumers in Canada.

Comparison of the estimates of exposure to MO from air (assuming indoor and ambient
air concentrations are the same, 1.2 ug/kg bw/day to 2.5 ug/kg bw/day) and from its
potential use as a flavouring agent in food for the general population 1 year of age and
older (0.0067 ug/kg bw/day) with the NOAEL of 15 mg/kg bw/day resulted in MOEs
greater than 6,000 (target MOE = 100 [x10 for interspecies extrapolation; x10 for
intraspecies variation]), which are considered adequate to address uncertainties in the
available health effects and exposure data used to characterize risk. Additional intake of
MO from its natural occurrence in food was not identified as a concern for human
health. Furthermore, the JECFA (WHO 2003) concluded that there is “no safety concern
at current levels of intake when used as a flavouring agent,” considering the dietary
exposure estimates for MO.

The human health assessment took into consideration those groups of individuals within
the Canadian population who, due to greater susceptibility or greater exposure, may be
more vulnerable to experiencing adverse health effects. For instance, age-specific
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exposures were estimated, and developmental and reproductive toxicity studies were
evaluated for potential adverse health effects.

7.5.4 Uncertainties in the evaluation of risk to human health
The key sources of uncertainty are presented in the table below. Although the data set
for MO is limited, in light of the large MOEs, confidence is high that the risk to the

Canadian population from this substance is low.

Table 7-19. Sources of uncertainty in the risk characterization

Key source of uncertainty Impact
Limited environmental monitoring data for MO. +
Limited hazard data set for MO (especially long-term data). +/-

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

8. Conclusion

Considering all available lines of evidence presented in this assessment, there is low
risk of harm to the environment from MEK, MPK, MIBK, MIAK, DAA, diacetyl, 2,3-PD,
acetoin, 2,4-PD, and MO. It is concluded that these 10 substances do not meet the
criteria under paragraphs 64(a) or (b) of CEPA as they are not entering the environment
in a quantity or concentration or under conditions that have or may have an immediate
or long-term harmful effect on the environment or its biological diversity or that
constitute or may constitute a danger to the environment on which life depends.

On the basis of the information presented in this assessment, it is concluded that MEK
and MIBK meet the criteria under paragraph 64(c) of CEPA as they are entering or may
enter the environment in a quantity or concentration or under conditions that constitute
or may constitute a danger in Canada to human life or health.

On the basis of the information presented in this assessment, it is concluded that MPK,
MIAK, DAA, diacetyl, 2,3-PD, acetoin, 2,4-PD, and MO 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.

Therefore, it is concluded that MEK and MIBK meet one or more of the criteria set out in

section 64 of CEPA and that MPK, MIAK, DAA, diacetyl, 2,3-PD, acetoin, 2,4-PD, and
MO do not meet any of the criteria set out in section 64 of CEPA.
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Appendices
Appendix A. Read-across tables

Table A-1. Physical-chemical properties and health effects data of 2-Butanol,
MEK, and MPK

Chemical name 2-Butanol MEK MPK

Role Analogue Target chemical Target chemical
CAS RN# 78-92-2 78-93-3 107-87-9
Chemical structure OH Q 9

A \)J\ /\/U\

MW: 74.12 g/mol | MW: 72.11 g/mol | MW: 86.13 g/mol

Log Kou: 0.61 Log Kow: 0.29 Log Kow: 0.91
Toxicokinetics & Rapidly Rapidly absorbed | Absorption
metabolism converted to MEK | via oral, expected to be
inhalation, and similarly rapid and
dermal routes. extensive relative
Reduced to 2- to MEK and 2-
butanol, which is butanol.
rapidly oxidized
back to MEK (US
EPA 2003a).
Acute toxicity N/A Oral LDso Oral LDso = >1 600

2 737 mg/kg bw to <3 200 mg/kg bw
(rat), 4 044 mg/kg | (rat)

bw (mice)
Inhalation LCso
Inhalation LCso >25mg/L

>23 600 mg/m3
(rats, mice, guinea | Dermal LDso =
pigs) 8 000 mg/kg bw

Neurobehavioural | Neurobehavioural
LOAEC =4 800 LOAEC =3 500

mg/m?3 (4 hours, mg/m?3 (4 hours,
mice) mice)
Short-term inhalation N/A Neurobehavioural | NA
studies LOAECs = 300 to
600 mg/m?3
(humans,

baboons), 4 800
mg/m?3 (rats)
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Chemical name 2-Butanol MEK MPK
Repeated-dose toxicity | NOAEL =1 771 Neurotoxicity NOAEL = 454
(oral) mg/kg bw/day (8- | (non-acute mg/kg bw/day (13-

week, female rat)

effects) NOAEL =
173 mg/kg bw/day
(rats)

NOAEL =1 723
mg/kg bw/day
(read-across from

month, male rats)

2-butanol?)
Repeated-dose toxicity | N/A NOAEC = NOAEC =5 300
(inhalation) 14 750 mg/m?3 (90- | mg/m3 (13-week,
day, rats) rat)
Neurobehavioural
LOAEC =
5 000 mg/m3 (up to
51 days, rat)
Repeat-dose toxicity NA NA NOAEL = 454
(dermal) mg/kg bw/day
(from MPK oral
study)
Reproductive and/or Reproductive Developmental LEDos = 763 mg/kg
developmental toxicity | toxicity (limited)° | toxicity LEDos = bw/day
(oral) NOAEL =5 089 639 mg/kg bw/day | (read-across from
(males), 4 571 (read-across from | 2-butanol?)
(females) mg/kg | 2-butanol?)
bw/day (rats)
Developmental
and maternal
NOAEL =1 771
mg/kg bw/day
Developmental
LEDos = 657
mg/kg bw/day
(multigeneration
8-weeks, rats)
Reproductive and/or N/A Developmental Reproductive
developmental toxicity toxicity LEC1o0= toxicity NOAEC =
(inhalation) 5 202 mg/m?3 5 000 mg/m?3
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(dermal)

developmental toxicity

mg/kg bw/day
(read-across from
2-butanol oral
study?)

Chemical name 2-Butanol MEK MPK
(intermittent NOAECdev = 5 000
exposure, mice) mg/m? and 5 300
mg/m?
Reproductive and/or N/A LEDos = 639 LEDos = 763 mg/kg

bw/day
(read-across from
2-butanol oral
study?)

Genotoxicity

Not genotoxic

Negative in vitro
and in vivo assays

Negative in vitro
assays, negative
(Q)SAR model
predictions for
structural alerts

Carcinogenicity

N/A

Negative/
inconclusive (EPA
2003).

Negative (Q)SAR
model predictions
for carcinogenicity

Abbreviations: NA, not available; N/A, not applicable; Log Kow, octanol-water partition coefficient; MW, molecular
weight; LCso, the concentration of a substance that is estimated to be lethal to 50% of the test organisms; LDso, the
dose of a substance that is estimated to be lethal to 50% of the test organisms; LEC10, a lower limit on an effective
concentration using a 10% response level; LEDos, lowest effective dose (95% lower confidence limit on the effective
dose [ED]); LOAEC, lowest observed adverse effect concentration; LOAEL, lowest observed adverse effect level;
LOEL, lowest observed effect level; NOAEC, no observed adverse effect concentration; NOAEL, no observed

adverse effect level.

@ Molar adjustment calculated from read-across value. Molecular weights are 74.12 g/mol for 2-butanol, 72.11 g/mol
for MEK, and 86.13 g/mol for MPK.
b As noted by the US EPA (2003a), this study did not include the evaluation of certain parameters routinely measured
in studies of more current design. Deficiencies included the lack of measurements of estrous cyclicity, sperm
parameters, weights of uterus, epididymides, seminal vesicles, and brain; and less than complete clinical

chemistry/hematology and histopathology.

Table A-2. Physical-chemical properties and health effects data of MIBK, MIAK,

and DAA

Chemical MIBK MIAK DAA
name

Role Target chemical Target chemical Target chemical
CAS RN# 108-10-1 110-12-3 123-42-2
Chemical i i Q

HO
structure )\)J\ S )La

MW = 100.16 g/mol

MW = 114.18 g/mol

MW = 116.16 g/mol

Acute toxicity
Oral

Rat LDso = 2 080 to
4570 mg/kg bw
Mice LDso = 1 900 to
2850 mg/kg bw

Rat LDso = 5 657
mg/kg bw

Rat LDso = 3 002
mg/kg bw
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Chemical MIBK MIAK DAA
name
Acute toxicity Rat LCso = 8 200 to
inhalation 16 400 mg/m3
Mice LCso (1.25h) = _ Rat LCso (4h) =
20 500 to 74 200 Pl 7 600 mg/m®
mg/m? 9 Rat (6h) =7 230

Juvenile baboons
LOAEC =200 mg/m3
(1- to 7-day
exposure), CNS
depression

Human volunteers
LOAEC =200 mg/m3
(2-hour exposure),
CNS depression

NOEC for non-lethal
effects = 7 486
mg/m3

Mice LOAEC =1 942
mg/m3 (15-minute
exposure), 27%
decrease in
respiration

mg/m? air based (no
effects up to this
concentration)

Humans LOAEC =
475 mg/m3 (15-
minute exposure, of
headache, nausea
or vomiting)

Acute toxicity
Dermal

Rabbit LDso =
>20 000 mg/kg bw

NA

Rat LDso (24h)
>1 875 mg/kg bw

Short-term (14-
day) inhalation

NOAEC =410 mg/m?3
(increased relative
kidney weight and

hyaline droplet-

NOAEC =1 775
mg/m3
(maternal toxicity as
CNS depression in

NOAEC = 968
mg/m?3 (from oral 15-
day developmental

related tubular developmental study)
nephrosis) toxicity study)
Short-term _ NOEL =1 000
dermal (14- NOELb—W}é’Z mg/kg mg/kg bw/day
day) NA y (from oral 15-day

(from inhalation
developmental study)

developmental
study)

Repeated-dose
toxicity (oral)

LOEL/NOAEL = 250
mg/kg bw/day
(13-week; hepatic
and renal effects at
1 000 mg/kg -bw/day)

LOAEL = 101 mg/kg
bw/day
(2-year; chronic
nephropathy in
females)

NOEL = 52 mg/kg
bw/day
(from inhalation
NOAEC)

NOAEL = 100
mg/kg bw/day
(45-day; kidney
changes and altered
hematological and
blood chemistry)
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Chemical MIBK MIAK DAA
name
Repeated-dose | LOAEC =410 mg/m?
toxicity (increased incidence | NOAEC = 934 mg/m?3
(inhalation) in renal tubule (96-day; increased
hyperplasia and liver and kidney NOAEC = 1 035
chronic nephropathy weight and mg/m?
[female] and hepatocytic (6-week: liver weight
mineralization of hypertrophy in liver chan ,es without
renal papilla [male]) and tubular hist 9 tholoaical
epithelium istopathologica

alterations at 4 685

LOAEC =1 843 regeneration in 3
mg/m?3 kidneys in both males mg/m®)
(2-year; chronic and females at 4 670
nephropathy in mg/m?3)
females)
Repeated-dose | LOAEL = 300 mg/kg
toxicity bw/day
(dermal) (4-month; lowest
dose tested; _
morphological NOELb‘ /22 mg/kg NOAEL = 100
changes in several wraay | mg/kg bw/day (from
tissues) (from inhalation oral NOAEL)
NOAEC)

LOEL/NOAEL = 250
mg/kg bw/day
(from MIBK oral)

Developmental
and/or
reproductive
toxicity (oral)

NOAEL = 259 mg/kg
bw/day
(read-across from
DAA)

NOAECqgev = 271
mg/m?3 (RTR from
inhalation NOAEC)
NOAECmat= 137
mg/m?3 (from
inhalation NOAEC)

NOAELgev = 300
mg/kg bw/day
(reproductive and
developmental
effects at 1 000
mg/kg bw/day
NOAELmat = 100
mg/kg bw/day
(kidney changes
and altered
hematological and
blood chemistry)

Developmental
and/or
reproductive
toxicity
(inhalation)

NOAECdevimat Of
4 106 mg/m?3
(based on transient
decreased body
weight and food
consumption,

NOAECmat=1 775
mg/m?3 (based on
CNS depression at
3 505 mg/m3)
NOAECmat= 3 505
mg/m?3 (based on

NOAECdev = 968
mg/m3
(from oral 45-day
NOAEL)
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Chemical
name

MIBK

MIAK

DAA

changes to
reproductive organ
weights in parents,
and acute CNS
depressive effects in

pups)

decreased body
weight and reduced
food consumption at
7 005 mg/m3)

NOAECdevimat =
3 182 mg/m?3 (from
oral study GD6 to

20)

Developmental
and/or

NOAEL = 259 mg/kg
bw/day (read-across

NOAECgev = 271
mg/m?3 (from

NOAELdev = 300

reproductive from DAA) inhalation NOAEC) mg/kg/day

toxicity NOAECmat= 137 NOAELmat = 100

(dermal) mg/m?3 (from mg/kg/day
inhalation NOAEC)

Genetic toxicity Negative Negative Negative

Carcinogenicity Positive Possible Possible

Abbreviations: MW, molecular weight; NA, not available; Dev, developmental toxicity; LCso, the concentration of a
substance that is estimated to be lethal to 50% of the test organisms; LDso, the dose of a substance that is estimated
to be lethal to 50% of the test organisms; LOAEC, lowest observed adverse effect concentration; LOAEL, lowest
observed adverse effect level; LOEL, lowest observed effect level; NOAEC, no observed adverse effect
concentration; Mat, maternal toxicity; NOAEL, no observed adverse effect level; NOEL, no observed effect level.

Table A-3. Physical-chemical properties and health effects data of diacetyl,
acetoin, and 2,3-PD

Chemical name Diacetyl Acetoin 2,3-PD
Role Target chemical Target chemical Target chemical
CAS RN# 431-03-8 513-86-0 600-14-6
Chemical T - i
structure P J\v - “&/’U\ H\

ff”Mfo’ -

o] a-\.

QH

MW = 86.09
g/mol

MW = 88.10 g/mol MW = 100.12 g/mol

Acute toxicity

Oral LDso = 3000

Oral LDso >5000

Oral LDso = 3000

(lethality) mg/kg in rats mg/kg mg/kg in rats
Short-term LOAEC =92.9 NOAEC = 112 ppm
toxicity ppm (333 mg/m3) NA (459 mg/m3)

as a single 15- (respiratory and

minute pulse olfactory cytotoxicity).

Repeated-dose LOAEC = 50 ppm (205
toxicity LOAEC =100 mg/m3)
(inhalation, <2 ppm (358 mg/m3) NA (histopathological
weeks) the lowest test changes in rats and

mice, 10 to 12 days).
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Chemical name

Diacetyl

Acetoin

2,3-PD

concentration in
rats.

LOAEC = 50 ppm
(176 mg/m3)
(read across from

2,3-PD)
Sub-chronic NOAEL = 105 mg/kg
toxicity (90-day bw/day (read-across
oral) NOAEL= 330 mg/kg from diacetyl)
_ bw/day (drinking
rrl\}l(?? Elt;v;/ dga(\) water) (decreased NOAEL = 24 mg/kg
g/kg y body weight and bw/day
anemia) (from non-respiratory

tract effects in 90-day
inhalation study)

Sub-chronic _ NOAEC =12.5 ppm
toxicity (90-day l\(lgébégcin; /?r?g F;E;n (51 mg/m?)
inhalation) NOAEC =12.5 ; ’ (histopathological
ppm (45 mg/m3) highest test effects in respiratory
concentration (NTP tem in rat d
2017) system in rats an
mice; 14 weeks)
Sub-chronic NOAEL = 90 NOAEL = 330 mg/kg _
toxicity (dermal) mg/kg bw/day bw/day NOAEL = 105 mg/kg
) bw/day (read-across
(from oral (extrapolation from :
from diacetyl)
exposure) oral)
Chronic toxicity BMCL10= 30.23
(inhalation) mg/m3 based on
squamous cell
paplllqma and NA NA
carcinoma
(adjusted for
continuous
exposure)
Developmental _ NOAEL = 1640
toxicity (oral) NOAEL = 1600 | /g bwiday (read- NA
mg/kg bw/day .
across from diacetyl)
Genetic toxicity Likely to be Possible due to its Likely to be genotoxic
: L . (read-across from
genotoxic similarity to diacetyl

diacetyl)

Carcinogenicity

Some evidence
for
carcinogenicity in

Possible due to its
similarity to diacetyl

Some evidence for
carcinogenicity in
chronic animal studies
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Chemical name Diacetyl Acetoin 2,3-PD
chronic animal (read-across from
studies diacetyl)

Abbreviations: NA, not available; MW, molecular weight; BMCL10, a lower one-sided 95% confidence limit for the
benchmark concentration (BMCL) predicted to result in a 10% incidence of tumours; LDso, the dose of a substance
that is estimated to be lethal to 50% of the test organisms; LOAEC, lowest observed-adverse-effect concentration;
LOAEL, lowest-observed-adverse-effect level; NOAEC; no-observed-adverse-effect concentration; NOAEL, no-

observed-adverse-effect level.

Table A-4. Read-across physical-chemical properties and health effects data of

MO and MHE
Chemical name MO 6-methyl-5-heptene-2-one
(MHE)
Role Target chemical Analogue
CAS RN# 141-79-7 110-93-0
Chemical structure Q 0
M IJ{MJH)L\
MW = 98.1 g/mol MW = 126.2 g/mol
Log Kow: 1.2 10 1.7 Log Kow: 2.06
Repeated-dose LOAEC = 124 mg/m3
toxicity (inhalation, (reductions in body weight
49-day exposure) and body weight gain, and NA
histopathology in nasal
passage); no NOAEC was
identified.
Repeated-dose NOAEC =200 mg/m?
toxicity (inhalation, 6 | (histopathological effects in NA

weeks)

kidney, lung, and liver)

Repeated-dose
toxicity (oral)

NOAEL = 15.0 mg/kg bw/day
(route-to-route extrapolation
from 6-week inhalation
study?)

NOAEL = 39 mg/kg bw/day
(read-across from MHE by
adjusting the molecular
weight)

NOAEL = 50 mg/kg bw/day
(increases in platelet counts in
female rats in a 90-day study)

LOAEL = 200 mg/kg bw/day
(OECD 2003)

Developmental
toxicity (inhalation)

No developmental toxicity
was noted up to 1,211
mg/m3

NA

Developmental
toxicity (oral)

No developmental toxicity
was noted up to 95.2 mg/kg
bw/day (route-to-route

NOAEL = 200 mg/kg bw/day
(maternal and prenatal
developmental toxicity in a
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Chemical name MO 6-methyl-5-heptene-2-one

(MHE)
extrapolation from inhalation | prenatal developmental toxicity
study?) study in rats)

NOAEL = 165 mg/kg bw/day | LOAEL = 1,000 mg/kg bw/day.
(read-across from MHE by No fetal malformations up to

adjusting the molecular 1000 mg/kg bw/day
weight) (OECD 2003)
Reproductive toxicity | NOAEC =413 mg/ m3
(inhalation) (decreased number of litters | NA

at 1211 mg/ m®)

Reproductive toxicity | NOAEL = 32.5 mg/kg bw/day

(oral) (route-to-route extrapolation
from combined repeated- NOAEL = 200 mg/kg bw/day
dose and (testicular toxicity in male rats
reproductive/developmental | in 90-day study)
toxicity study)

LOAEL= 1,000 mg/kg bw/day
NOAEL = 165 mg/kg bw/day | No effects in female rats
(read-across from MHE by (OECD 2003)

adjusting the molecular

weight)
Genetic toxicity Negative Negative
Carcinogenicity NA NA

Abbreviations: NA, not available; MW, molecular weight; Log Kow, octanol-water partition coefficient, LOAEC, lowest
observed adverse effect concentration; LOAEL, lowest observed adverse effect level; NOAEC; no observed adverse
effect concentration; NOAEL, no observed adverse effect level.

@ This concentration was converted to oral dose using parameters from Health Canada (1994), with a rat average
body weight of 0.35 kg and an inhalation rate of 0.11 m®day, that is, 200 mg/m3 X 0.11 m®/day X 8h/24h x 5 days/7
days / 0.35 kg = 15.0 mg/kg bw/d for repeated-dose toxicity; or 413 mg/m3x 0.11 m%day x 6h/24h /0.35 kg = 32.5
mg/kg bw/d for reproductive toxicity.
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Appendix B. Parameters for exposures near facilities

The SCREEN3 model (SCREEN3 1996) was used to estimate ambient air
concentrations near facilities that reported releases of MEK and MIBK to air. It was
based on the Industrial Source Complex (ISC) model (for assessing pollutant
concentrations from various sources in an industry complex). SCREENS is designed to
estimate maximum concentrations of chemicals at chosen receptor heights and at
various distances from a release source for a given continuous emission event. The
maximum calculated exposure concentration is selected using a built-in meteorological
data matrix of different combinations of meteorological conditions, including wind speed,
turbulence, and humidity. The driver for air dispersion in the SCREEN3 model is wind.
This model directly predicts concentrations resulting from point, area, and volume
source releases.

The table below outlines the input parameters for the SCREEN3 model used to estimate
ambient air concentrations of MEK from releases to air by selected reporting facilities in
2016.

Table B-1. Variable inputs to SCREEN3 for MEK

Variables Input value Input value
Source release type? Area Point

Effective emission area(m?)® 95 550 NR

Emission rate (g/ssm?)° 1.06 x 10 NR

Source release height (m) 10 NR

Stack height (m)¢ NR 9.14

Stack inside diameter® (m) NR 0.5

Emission rate (g/s)° NR 4.02

Stack gas exit velocity? (m/s) | NR 10.44

Stack gas exit temperature NR 293

(K)®

Receptor height above ground | 1.74 1.74

(m)’

Variable wind adjustment 0.4 (daily average), 0.2 0.4 (daily average),
factor9 (yearly average) 0.2 (yearly average)
Urban/rural option® Urban Urban

Type of meteorology Full Full

Minimum and maximum 0 to 500 0 to 200

distance (m)

Abbreviations: NR, not a required input for the source release type selected

@ Release type was selected on the basis of data from on-site releases in the NPRI

b Professional judgment and based on aerial photo analysis

¢ Estimates based on quantities reported by facilities under the NPRI, assuming continuous release (NPRI 2021)
4 US EPA (1999)

¢ Regulatory default from the SCREEN3 model

fCurry et al. (1993)

9 US EPA (1992) and professional judgment
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The table below outlines the input parameters for the SCREEN3 model used to estimate
ambient air concentrations of MIBK from releases to air by selected reporting facilities in
2015.

Table B-2. Variable inputs to SCREEN3 for MIBK

Variables Input value Input value
Source release type? Area Point

Effective emission area(m?)° 592,500 NR

Emission rate (g/s*m?)° 5.45x 108 NR

Source release height (m) 10 NR

Stack height (m)¢ NR 18.59

Stack inside diameter® (m) NR 0.5

Emission rate (g/s)° NR 0.03

Stack gas exit velocity? (m/s) NR 11.89

Stack gas exit temperature NR 293

(K)®

Receptor height above ground | 1.74 1.74

(m)’

Variable wind adjustment 0.4 (daily average), 0.4 (daily average),
factor? 0.2 (yearly average) 0.2 (yearly average)
Urban/rural option® Urban Urban

Type of meteorology Full Full

Minimum and maximum 0to 700 0 to 700

distance (m)

Abbreviations: NR, not a required input for the source release type selected

@ Release type selected on the basis of data from on-site releases in the NPRI

b Professional judgment and based on aerial photo analysis

¢ Estimates based on quantities reported by facilities under the NPRI, assuming continuous release (NPRI 2021)
4 US EPA (1999)

¢ Regulatory default from the SCREEN3 model

fCurry et al. (1993)

9 US EPA (1992) and professional judgment
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Appendix C. Ketones in food

Table C-1. JECFA per capita intake estimates for food flavouring uses for the US
and European populations (WHO 1999a,b, 2003)

Substance US per capita | US per capita Europe per Europe per
name intake intake (ug/kg | capita intake | capita intake
(ng/day) bw/day) (ng/day) (ng/kg
bw/day)
MEK 36 0.6 110 2
MPK 42 0.7 140 2
MIBK 2 0.03 7 0.12
Diacetyl 8,000 133 3,300 55
2,3-PD 80 1 220 4
Acetoin 1,800 30 2,800 47
MO NA NA 0.40 0.0067

Abbreviations: NA, not applicable

Per capita intake estimates (ug/day) were derived by the JECFA using the maximized
survey-derived daily intake (MSDI) approach, assuming that the reported annual
production amount for the various substances in the US and Europe was consumed by
just 10% of the population (“eaters only”), and that only 60% of the annual production
amount was reported in the poundage surveys. A body weight of 60 kg was used to
derive intake estimates in ug/kg bw/day (International Organization of the Flavor
Industry 1995; US National Academy of Sciences 1989, both cited in WHO 1999b).

Quantitative exposure estimates for the natural occurrence of all 10 substances were
derived using the consumption data for comparable food categories from the Canadian
Community Health Survey (CCHS) 2.2 Food Consumption Table (Health Canada
2015a). A summary of the data identified for each of the substances on their
concentrations in foods from the literature and from the Volatile Compounds in Food
(VCF) database (Nijssen et al. 1963-2018) can be found in Table C-2, Table C-3, Table
C-4, and Table C-5. Quantitative data were not available for all food items; therefore,
maximum reported values were used for various food items to estimate potential high-
end exposures to all substances from food for the general population of Canada.
Estimated exposures for all 10 substances from their natural occurrence in food are

presented in Table C-6.

Table C-2. Levels of MEK and MPK naturally occurring in food?

Food category MEK (ug/9) MPK (ug/9)
Beers and coolers 0.06 0.02
Spirits and liqueurs 2.00 1.20
Fruit juices 0.20 0.10
Coffee; powder items are NA 4.70
reconstituted
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Food category MEK (pg/9) MPK (pg/9)
Tea, including iced tea 8.00 NA
Milks NA 0.10°
Creams 0.07 0.05
Cheeses 67.10 14.71
Yoghurts 7.00 0.01
Bananas NA 27.00
Cherries NA 0.01
Pears 1.00 2.40
Pineapple NA 0.01
Plums and prunes NA 2.00
Strawberries NA 3.10
Other fruits (blueberries, 0.02 3.30
dates, kiwis, fruit salads)
Vegetables, excluding 6.00 20.00
potatoes
Potatoes, fried 0.13 0.07
Chicken, turkey and other 0.10 0.23
birds
Pork, fresh and ham 0.72¢ NA
Fish 0.60 NA
Shellfish NA 0.12
Eggs 0.01 NA
Nuts, seeds and peanut 0.10 7.60
butter
Legumes 0.05 NA
Butter 0.16 0.95
Other fats and spreads 1.51 0.03
Sugars, syrups and 0.08 0.03
preserves
Savory snacks 0.13 NA

Abbreviations: NA, not available

@ Data from the Volatile Compounds in Food (VCF) Database (Nijssen et al. 1963-2018), unless specified otherwise.

b Yue et al. 2015
¢ Sanchez-Pefia et al. 2005

Table C-3. Levels of MIBK, MIAK, and DAA naturally occurring in food?

Food category MIBK (pg/g) | MIAK(ug/g) DAA (pg/g)
Beers and coolers 0.12 NA NA
Coffee; powder items are 6.50 0.50 NA
reconstituted

Milks 0.016° NA 0.00015¢
Plums and prunes 0.01 NA NA
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Food category MIBK (ug/g) | MIAK(pg/9) DAA (ug/g)
Other fruits (blueberries, dates, 0.02 0.001 0.408
Kiwis, fruit salads)

Chicken, turkey and other birds 0.0004 NA 0.07
Eggs 0.003 NA NA
Other fats and spreads 0.38 NA NA
Sugars, syrups and preserves NA NA 2.70
Other ingredients for recipes (for NA NA 28.50
example, spices, baking

ingredients)

Abbreviations: NA, not available

a Data from the Volatile Compounds in Food (VCF) Database (Nijssen et al. 1963-2018), unless specified otherwise.

b Yue et al. 2015
¢ Toso et al. 2002

Table C-4. Levels of diacetyl, 2,3-PD, and acetoin naturally occurring in food?

Food category Diacetyl 2,3-PD Acetoin
(ng/9) (ng/9) (ng/g)

Beers and coolers 0.20 0.30 9.00
Spirits and liqueurs 9.77° 0.60 335.00
Wines 4.10 NA 234.00'
Fruit juices 3.15¢ NA 0.35
Coffee; powder items are reconstituted 58.70 39.60 4.90
Tea, including iced tea 1.00 2.00 NA
Milks 29.3d 0.20/ NA
Creams 30.00 NA NA
Cheeses 4.20 NA 40.00
Yoghurts 43.00¢ NA 28.00
Pasta, rice, cereal grains and flours 0.19 0.25 0.75
White breads 0.92 0.14 NA
Wholemeal breads 1.52 0.14k 1.22M
Other breads 0.33 0.04 NA
Apples 0.40 NA 3.50
Cherries NA NA 4.70
Pears NA NA 0.11
Strawberries 0.20 NA 0.49
Other fruits (blueberries, dates, kiwis, 0.60 NA 22.63
fruit salads)
Vegetables, excluding potatoes 0.799 NA 6.40
Potatoes, fried 0.31 NA NA
Beef 23.00 6.50 8.40
Veal 23.00 6.50 8.40
Chicken, turkey and other birds 0.90 NA 2.40
Livers and liver pates 27.81 NA NA
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Food category Diacetyl 2,3-PD Acetoin

(ng/9) (ng/9) (ng/g)
Luncheon meats, canned and cold cuts 27.81 NA NA
Pork, fresh and ham 0.36 NA NA
Fish 0.0017 0.69 0.31
Shellfish 0.10" NA 0.16
Nuts, seeds and peanut butter 0.09 0.23 NA
Butter 21.00¢ 0.05¢ 2.00
Margarines, tub NA 0.01 NA
Margarines, block NA 0.01 NA
Other fats and spreads 0.60 0.01 0.04
Confectionary, chocolate bars 0.40 NA 17.00
Sugars, syrups and preserves 2.60 NA 26.00
Savory snacks NA 0.20 NA
Soups without vegetables 0.00056' 0.42 NA
Gravies 0.09 NA NA
Seasonings, salt, pepper, vinegar 197.00 NA 1020
Other ingredients for recipes (for 238.00 109.00 951.00
example, spices, baking ingredients)

Abbreviations: NA, not available
@ Data from the Volatile Compounds in Food (VCF) Database (Nijssen et al. 1963-2018), unless specified otherwise.
b Cardoso et al. 2003

¢ Lawson et al. 1995

d De Leonardis et al. 2013

¢ Macciola et al. 2008

fMujic et al. 2014

9 Annan et al. 2005

P Yu and Chen 2010

i Giri et al. 2010

ilmhof et al. 1995

K Rychlik and Grosch 1996

| Garcia-Martinez et al. 2013

m Birch et al. 2013

Table C-5. Levels of 2,4-PD and MO naturally occurring in food?

Food category 2,4-PD MO (pg/g)
(n9/g)

Wines NA 0.00005
Fruit juices 0.01 NA
Other fruits (blueberries, dates, kiwis, fruit salads) NA 0.01
Vegetables, excluding potatoes NA 0.04
Chicken, turkey and other birds 0.004 NA
Other fats and spreads NA 3.00
Other ingredients for recipes (for example, spices, NA 2.40
baking ingredients)

Abbreviations: NA, not available
a Data from the Volatile Compounds in Food (VCF) Database (Nijssen et al. 1963-2018), unless specified otherwise.
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)

Table C-6. Estimated exposures to the Ketones Group from natural occurrence in
food (ng/kg bw/day

Substance| 0-6 6-12 1yr |2-3yrs |4-8yrs| 9-13 | 14-18 |19+ yrs
mo? mo yrs yrs
MEK 0 112 185 174 130 82 66 67
MPK 0 146 216 192 137 86 68 98
MIBK 0 0.5 0.9 0.7 0.4 0.8 5 32
MIAK 0 0 0.001 0.001 | 0.0004 | 0.04 0.4 3
DAA 0 0.04 3 4 4 3 2 2
Diacetyl 0 996 1,625 1,118 671 370 281 445
2,3-PD 0 6.5 22 22 20 16 40 208
Acetoin 0 173 346 369 293 189 161 308
2,4-PD 0 0.04 0.1 0.1 0.08 0.04 0.03 0.02
MO 0 0.3 1 2 1 0.9 0.7 0.6
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Appendix D. Parameters used to estimate human exposures from the
use of products available to consumers

Cosmetic exposures were estimated using ConsExpo Web (2016). Exposure estimates
were calculated using default body weights of 70.9 kg (20 years and older), 59.4 kg (12
to 19 years old), 31 kg (5 to 11 years old), 15.5 kg (6 months to 4 years old), and 7.5 kg
(0 to 6 months old) (Health Canada 1998). The estimated inhalation and dermal
exposure parameters for cosmetics are described in Table D-1. Dermal intakes are only
presented for DAA and 2,4-PD. An inhalation rate of 16.2 mg/m3was used to calculate
the internal dose for the DIY products for DAA (Health Canada 1998). Unless otherwise
specified, the defaults come from the relevant ConsExpo Fact Sheet for the scenario
presented.

Table D-1. Exposure parameter assumptions for inhalation and dermal cosmetic
scenarios

Product (substance) Assumptions?

Concentration of MEK: 55.7% (personal
communication, emails from the CHPSD, HC, to the
ESRAB, HC, August 2016, April 2017 and November
2019; unreferenced)

Inhalation — Exposure to vapour, evaporation model,

Top coat (assumed to be Exposure duration: 18 minutes

applied on finger- and Product amount: 0.33 g (Ficheux et al. 2014)
toenails) Room volume: 1 m3 (close to the face)
(MEK) Ventilation rate: 1 change per hour

Mass transfer coefficient: 6.401 m/hr (Sparks method)
Release area mode: constant

Release area: 26.2 cm? (based on data from Ficheux
et al. 2014 and assuming that both finger- and toenails
are painted)

Molecular weight matrix: 124 g/mol

Concentration: MEK = 94.7%, MPK = 1% to 3%, MIBK
1% to 3% (personal communication, emails from the
CHPSD, HC, to the ESRAB, HC, August 2016, April
2017, and November 2019; unreferenced)

Nail polish/nail adhesive

(two coats on finger- and Inhalation — Exposure to vapour, evaporation model

toenails) Exposure duration: 35 minutes

(MEK, MPK, MIBK) Product amount: 0.8 g for 20 years and older and
teens, and 0.27 g for 6 months to 4 years old (Ficheux
et al. 2014)

Room volume: 1 m? (close to the face)
Ventilation rate: 1 change per hour

124



Product (substance)

Assumptions?

Mass transfer coefficient: MEK: 6.401 m/hr (20 years
and older), 9.082 m/hr (6 months to 4 years old)
(Sparks method); MPK: 10 m/hr; MIBK: 10 m/hr
Release area mode: constant

Release area: 26.2 cm? (12 years and older), 8.8 cm?
(6 months to 4 years old) (based on data from Ficheux
et al. 2014 and assuming that both finger- and toenails
are painted)

Molecular weight matrix: 124 g/mol

Nail polish (two coats on
finger- and toenails)
(DAA)

Concentration of DAA: 10% (personal communication,
emails from the CHPSD, HC, to the ESRAB, HC,
August 2016, April 2017 and November 2019;
unreferenced)

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 35 minutes

Product amount: 0.8 g (12 years and older), 0.27 g (6
months to 4 years old) (Ficheux et al. 2014)

Room volume: 1 m3 (close to the face)

Ventilation rate: 1 change per hour

Mass transfer coefficient: 5.043 m/hr (20 years and
older), 7.029 m/hr (6 months to 4 years) (Sparks
method)

Release area mode: constant

Release area: 26.2 cm? (12 years and older), 8.8 cm?
(6 months to 4 years) (based on data from Ficheux et
al. 2014 and assuming that both finger- and toenails
are painted)

Emission duration: 35 minutes

Molecular weight matrix: 124 g/mol

Dermal:
Amount on the skin (g/use): 0.16 (12 years and older),
0.06 (6 months to 4 years) (Ficheux et al. 2014)

Nail polish remover
(MEK, MIBK)

Concentration of MEK: 84% (20 years and older),
79.6% (6 months to 4 years); MIBK (10% to 30%)
(personal communication, emails from the CHPSD,
HC, to the ESRAB, HC, August 2016, April 2017 and
November 2019; unreferenced)

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 8 minutes

Product amount: 5.36 g (12 years and older), 1.82 g (6
months to 4 years)
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Product (substance)

Assumptions?

Room volume: 1 m3 (close to the face)

Ventilation rate: 1 change per hour

Mass transfer coefficient: MEK: 5.080 m/hr (20 years

and older), 7.209 m/hr (6 months to 4 years) (Sparks

method); MIBK: 10 m/hr (ConsExpo default)

Release area mode: constant

Release area: 34 cm? (12 years and older), 25 cm? (6
months to 4 years) (based on data from Ficheux et al.
2014 and assuming that both finger- and toenails are
painted)

Molecular weight matrix: 75 g/mol

Face moisturizer (diacetyl)

Concentration: Diacetyl: 0.1% (personal
communication, email from the CHPSD, HC, to the
ESRAB, HC, April 2020; unreferenced)

Inhalation — Exposure to vapour, evaporation model
(RIVM)

Frequency: 2/day (20 years and older), 1/day (5 to 11
years)

Exposure duration: 12 hours (20 years and older), 24
hours (5 to 11 years)

Product amount: 1.5 g (20 years and older), 1.1 g (5 to
11 years)

Molecular weight matrix: 1000 g/mol

Room volume: 20 m3

Ventilation rate: 0.6 change per hour

Mass transfer coefficient: 10 m/hr

Release area mode: constant

Release area: 638 cm? (20 years and older), 605 cm?
(5 to 11 years)

Emission duration: 12 hours (20 years and older ), 24
hours (5 to 11 years)

Body moisturizer (diacetyl)

Concentration: Diacetyl: 0.04% to 0.1% (given that no
concentration data were available for body
moisturizers, it is presumed that diacetyl is present at
the same levels as in face moisturizers)

Inhalation — Exposure to vapour, evaporation model
Frequency: 1

Exposure duration: 20 minutes (time in bathroom)
Product amount: 10 g (12 years and older) (Ficheux et
al. 2016)

Molecular weight matrix: 1000 g/mol

Room volume: 10 m3
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Product (substance)

Assumptions?

Ventilation rate: 2 changes per hour

Mass transfer coefficient: 10 m/hr

Release area mode: constant

Release area: 17 530 cm? (20 years and older)
Emission duration: 20 minutes

Rubbing alcohol
(MIBK)

Concentration of MIBK: 0.98% (personal
communication, email from the NNHPD, HC, to the
ESRAB, HC, August 16, 2016; unreferenced)

No scenario identified in ConsExpo, professional
judgment was used.

Inhalation — Exposure to vapour, instantaneous release
model

Exposure duration: 5 minutes

Product amount: 0.02 g

Room volume: 1 m3 (close to the face)

Ventilation rate: 1 change per hour

Dermal:

Surface area: it is assumed that an area of 5cm x 5
cm = 25 cm? is covered

Amount on the skin (g/use): product amount of hand
sanitizer 0.7 g (Health Canada 2015b) is adjusted for
910 cm? surface area to an area of 25 cm? =0.02 g

Temporary tattoos (MIBK)

Concentration of MIBK: 1% to 3% (personal
communication, email from the CHPSD, HC, to the
ESRAB, HC, November 2019; unreferenced)

Inhalation — Exposure to vapour, instantaneous release
Exposure duration: 5 minutes

Product amount: 0.0036 g (professional judgment
based on Scott and Moore 2000, and personal
communication, email from the CHPSD, HC to the
ESRAB, HC, December 2019; unreferenced

Room volume: 1 m3

Ventilation rate: 1 change per hour

Eyeliner stickers
(DAA)

Concentration of DAA: 30% (personal communication,
emails from the CHPSD, HC, to the ESRAB, HC,
August 2016, April 2017 and November 2019;
unreferenced)

Dermal:
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Product (substance)

Assumptions?

Product amount (g/use): 27 mg (P95 from Ficheux et
al. 2016)

Surface area: 5 cm? (professional judgment, based on
3.2 cm? in ConsExpo and the fact that stickers appear
to cover a larger surface area)

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 12 hours

Product amount: 27 mg/use (Loretz et al. 2005)
Room volume: 1 m3 (close to the face)

Mass transfer coefficient: 6.844 m/hr (Sparks method)
Release area mode: constant

Release area: 5 cm? (professional judgment)
Ventilation rate: 1 change per hour

Molecular weight matrix: 124 g/mol

2 Unless specified, a retention factor of 1 was used.

Table D-2. Oral exposures to MEK in children’s products

Product (substance)

Assumptions?

Mouthing pacifier and/or
teether

Concentration of MEK residue: 500 ug/g (WSDE
2020)

Oral:

Etoy = (Jproduct X ftime % fsurface / bW
where,
Etoy = exposure from mouthing toy (ug/kg bw per day)
Pacifier:
Qproduct = amount of substance that leaches from
product over 24 hours (pug) = 22,500 pg (500 ug/g x
45 g)°
fime = fraction of the day that the product is mouthed
(that is, sucking time) = 0.2 (infants) and 0.32
(toddler) (Juberg et al. 2001 as cited in EFSA 2015)
fsurface = fraction of the product surface that is

mouthed = 0.5 (Lassen et al. 2011 as cited in EFSA
2015)
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Product (substance) Assumptions?
Teether:

Qproduct = @amount of substance that leaches from
product over 24 hours (ug) = 68,000 pg (500 ug/g x
136 g)°

fime = fraction of the day that the product is mouthed
(that is, sucking time) = 0.02 (Juberg et al. 2001 as
cited in EFSA 2015) to 0.05 (Van Engelen et al.
2008) (infants and toddler)

fsurface = fraction of the product surface that is

mouthed = 0.5 (RIVM 2002)

a Approach from EFSA (2015), body weights of 7.5 kg and 15.5 kg for infants (0 to 6 months old) and toddlers (6
months to 4 years old), respectively (Health Canada 1998).

b Assuming that all of the MEK (500 ug/g) could be released. Weight of pacifier and teether from examining product
weights based on product labels.

Other products

Sentinel exposure scenarios were used to estimate the potential exposure to
substances in the Ketones Group. Exposures were estimated on the basis of the
assumed weight, 70.9 kg of an adult (Health Canada 1998), and use behaviours of an
adult (20 years and older). Exposures were estimated using ConsExpo Web (ConsExpo
2016) or algorithms (see below for more details). Scenario-specific assumptions are
provided in Table D-3. The PARAMs model was used to estimate mass transfer
coefficients (Sparks method) (US EPA 2005). Refer to Table D-4 for the defaults used in
the PARAMs model.

Table D-3. Assumptions used to estimate dermal and inhalation exposure from
aint and do-it-yourself (DIY) products

Exposure scenario Assumptions

Paint or coating Concentration of MEK: 20% to 40% (SDS 2018a)

remover or stripper
(for example, lacquer | Scenario: paint remover in DIY Fact Sheet (RIVM 2007a).
remover) Assumes that work would be done in a garage.

(MEK)
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Exposure scenario

Assumptions

Inhalation — Exposure to vapour, evaporation model
Application duration: 60 minutes

Exposure duration: 60 minutes

Product amount: 1,000 g

Room volume: 34 m3 (garage)

Ventilation rate: 1.5 changes per hour

Mass transfer coefficient: 2.758 m/hr (Sparks method)
Release area mode: increasing

Release area: 2 m?

Molecular weight matrix: 3,000 g/mol

Adhesive remover,
degreaser (MEK)

Concentration of MEK: 100% (SDS 2019a)

Scenario: adhesive remover used in the house, based on
DIY Fact Sheet (RIVM 2007a) and US EPA 2011 defaults.

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 215 minutes (application duration + time
exposed after duration of use ~94 minutes from US EPA
2011)

Application duration: 121 minutes (mean value for adhesive
removers from US EPA 2011)

Product amount: 200 g [based on mean amount of product
used per year, 34.46 oz/yr (~1019 mL/yr) x density of MEK
0.8 g/mL divided by mean uses/year (4.22) = 193 g] (US
EPA 2011)

Room volume: 20 m?3

Ventilation rate: 0.6 changes per hour

Mass transfer coefficient: 3.743 m/hr (Sparks method)
Release area mode: increasing

Release area: 5 m?

Molecular weight matrix: 3,000 g/mol

Paint or coating
thinners (dilutes
lacquer or other
coating)

(MEK)

Concentration: MEK = 100% (3% diluted in product) (SDS
2019a)

Scenario: general coating (floor) in Do-It-Yourself Fact Sheet
(RIVM 2007a). Assumes that work is done in a garage.

The final concentration of MEK in the product was based on
product information stating that lacquers should be diluted
with pure MEK at no more than 4 oz per gallon (3%)

4 0z=118 mL

1 gallon = 3,785 mL
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Exposure scenario

Assumptions

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 60 minutes

Product amount: 3000 g

Room volume: 34 m3

Ventilation rate: 1.5 changes per hour

Mass transfer coefficient: MEK = 2.595 m/hr (Sparks
method)

Release area mode: increasing

Release area: 15 m?

Molecular weight matrix: 3,000 g/mol

Liquid paint (solvent-
rich paint for truck
bed)

(MEK, MIBK)

Concentration: MEK = 10% to 20% (SDS 2021), MIBK =
10% to 15% (SDS 2021)

Scenario: Brush or roller paint with solvent-rich paint (truck
bed paint) in Paint Fact Sheet (RIVM 2007b). Assumes that
work is done in a garage.

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 132 minutes

Product amount: 420 g (product amount adjusted on the
basis of the surface area covered. 1000 g for 12-15 m? to
420 g for 5 m?)

Room volume: 90 m?3 (garage; a larger garage would be
needed if a truck were being painted) (US EPA 2019)

Ventilation rate: 1.5 changes per hour

Mass transfer coefficient: MEK = 2.595 m/hr, MIBK = 2.115
m/hr (Sparks method)

Release area mode: increasing

Release area: 5 m?

Application duration: 120 minutes

Molecular weight matrix: 300 g/mol

Liquid paint for steel
(high-solid paint)
(MPK)

Concentration of MPK: 1% to 10% (ECCC 2017b)

Scenario: Brush or roller paint with high-solid paint in Paint
Fact Sheet (RIVM 2007b). Assumes that work is done in a
garage.
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Exposure scenario

Assumptions

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 132 minutes

Product amount: 1,300 g

Room volume: 34 m3 (garage)

Ventilation rate: 1.5 changes per hour

Mass transfer coefficient: 10 m/hr

Release area mode: increasing

Release area: 10 m?

Application duration: 120 minutes

Molecular weight matrix: 550 g/mol

Spray products (for
example, spray paint)
(MEK, MIBK, DAA)

Concentration: MEK = 1% to 75% (SDS 2016a, 2019b),
MIBK = 0.4% to 25% (SDS 2017a, 2020), DAA = 1% to 5%
(SDS 2012a)

Scenario: spray can scenario from Paint Fact Sheet (RIVM
2007b), but the exposure to vapour—evaporation model was
used since substances are volatile. Assumes that work is
done in a garage. Some aerosol spray cans are ~400 g in
size; therefore, the product amount is adjusted to 400 g, and
the application and exposure duration are increased by 5
minutes each.

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 25 minutes

Product amount: 400 g

Room volume: 34 m3 (garage)

Ventilation rate: 1.5 changes per hour

Release area mode: increasing

Release area: 2 m?

Application duration: 20 minutes

Molecular weight matrix: 3,000 g/mol

Mass transfer coefficient: MEK = 3.743 m/hr, MPK = 3.346,
MIBK = 3.051 m/hr, MIAK = 2.820, DAA = 2.949 (Sparks
method)

Dermal:

Loading — constant rate
Contact rate: 100 mg/min
Release duration: 20 minutes
Absorption fraction: 6%

PVC cement/primer
(MEK)

Model: ConsExpo exposure to vapour—evaporation, using
defaults from the universal wood glue in a bottle scenario,
where relevant (RIVM 2007a)
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Exposure scenario

Assumptions

Concentration of MEK:

PVC cement primer: 15% to 40% (SDS 2019f)

PVC cement: 5% to 70% (SDS 2018b)

PVC cement and primer: 10% to 55% (average from
use of both primer and cement)

Total exposure duration: 240 minutes (RIVM 2007a)

Room volume: 20 m? (RIVM 2007a)

Ventilation rate: 0.6 changes per hour (RIVM 2007a)

Molecular weight matrix: 3,000 g/mol (RIVM 2007a)

Product amount for:

application of PVC cement: 3 g (professional
judgment)

application of PVC cement primer: 3 g (professional
judgment)

post-application exposure (PVC cement and primer):
1.2 g (estimated, surface area adjustment is based on
6 g of PVC Primer + Cement to an area of 80.1 cm?)

Emission duration for:

application of PVC cement: 2.5 minutes (professional
judgment, based on application instructions and
videos available online)

application of PVC cement primer: 2.5 minutes
(professional judgment, based on application
instructions and videos available online)
post-application exposure (PVC cement and primer):
235 minutes (assumed, based on an application time
of 5 minutes for the PVC primer and cement)

Release area:

application of PVC cement: 80.1 cm? (total)
(estimated, based on pipe diameter of 5.1 cm and
application depth of 2.5 cm, applied to each pipe and
fitting)

application of PVC cement primer: 80.1 cm? (total)
(estimated, based on pipe diameter of 5.1 cm and
application depth of 2.5 cm, applied to each pipe and
fitting)
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Exposure scenario

Assumptions

e post-application exposure (PVC cement and primer):
15.7 cm? (estimated, assuming a 1 cm band of
residual cement and primer for a 5.1 cm diameter

pipe)

Multi-purpose
adhesives
(MEK)

Concentration of MEK: 3% to 100% (SDS 2019c, 2014a)

Scenario: tube glue (contact glue) in the Do-It-Yourself Fact
Sheet (RIVM 2007a)

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 80 minutes (based on mean minutes
exposed after duration of use, ~70 minutes, from US EPA
2011)

Product amount: 9 g

Room volume: 20 m?3

Ventilation rate: 0.6 changes per hour

Release area mode: increasing

Release area: 200 cm?

Application duration: 10 minutes

Molecular weight matrix: 3,000 g/mol

Mass transfer coefficient: MEK = 8.064 m/hr (Sparks
method)

Water
repellent/protectant
(for example,
windshield
cleaner/protectant
spray) (MEK)

Concentration of MEK = 10% to 25% (SDS 2016b)

Scenario: Glass cleaner spray in Cleaning Products Fact
Sheet (RIVM 2007a)

Inhalation — Exposure to vapour, instantaneous release
model

Exposure duration: 60 minutes (based on product technical
data sheet)

Released mass: 29 g (it is assumed that the released mass
would be similar to the glass cleaner spray, given that 2
applications of the windshield protectant spray are required)
Room volume: 34 m3 (garage)

Ventilation rate: 1.5 changes per hour

Inhalation rate: 15.1 m3/day

Wood lacquer
(MIBK)

Concentration: MIBK = 2.5% to 10% (SDS 2016¢)

Scenario: general coating on a floor (in a garage) in the DIY
Fact Sheet (RIVM 2007a)
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Exposure scenario

Assumptions

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 60 minutes

Product amount: 3000 g

Room volume: 34 m3

Ventilation rate: 1.5 changes per hour

Release area mode: increasing

Release area: 15 m?

Application duration: 60 minutes

Molecular weight matrix: 3,000 g/mol

Mass transfer coefficient: MIBK = 2.115 m/hr (Sparks
method)

Filler/putty from tube
(automotive)
(MIBK)

Concentration of MIBK: 1% to 5% (SDS 2018c)

Model: filler/putty from tube (in a garage) in the DIY Fact
Sheet (RIVM 2007a). Assumes that work is done in a
garage.

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 60 minutes

Product amount: 100 g (adjusted from 40 g and based on
product size and additional info, that is, median mass, from
US EPA 2019)

Room volume: 34 m3 (garage)

Ventilation rate: 1.5 changes per hour

Release area mode: increasing

Release area: 200 cm?

Application duration: 60 minutes

Molecular weight matrix: 3,000 g/mol

Mass transfer coefficient: MIBK = 8.28 m/hr (Sparks method)

Automotive coating
repair pen

Concentration of MIAK: 3% to 7% in an automotive coating
repair pen (SDS 2015c)

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 30 minutes

Product amount: 8.5 g (10 mL x 0.85; SDS 2015c)
Room volume: 34 m3 (garage)

Ventilation rate: 1.5 changes per hour

Release area mode: increasing

Release area: 450 cm?

Application duration: 30 minutes (professional judgment)
Molecular weight matrix: 300 g/mol

Mass transfer coefficient: 10 m/hr (ConsExpo default)

Automotive choke
cleaner (MEK, DAA)

Concentration: MEK = 1%—-5% (SDS 2019d), DAA = 1% to
30% (SDS 2011, 2012b)
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Exposure scenario

Assumptions

Scenario: spray paint (in a garage) in Paint Fact Sheet
(RIVM 2007b). Assumes that work is done in a garage.

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 15 minutes (13.67 minutes rounded up to
15 minutes; US EPA 2011)

Product amount: 165 g (US EPA 2011)

Room volume: 34 m3 (garage)

Ventilation rate: 1.5 changes per hour

Release area mode: increasing

Release area: 1 m?

Application duration: 15 minutes (US EPA 2011)
Molecular weight matrix: 3,000 g/mol

Mass transfer coefficient: 10 m/hr (default from RIVM)

Dermal — Direct product contact
Loading: constant rate

Contact rate: 100 mg/min
Release duration: 15 minutes
Absorption fraction: 6%

Pipe thread sealant
(DAA)

Concentration: 20% to 30% (SDS 2013)

Scenario: universal/wood glue in a bottle as per DIY Fact
Sheet (RIVM 2007a)

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 240 minutes

Product amount: 10 g

Room volume: 20 m?3

Ventilation rate: 0.6 changes per hour

Release area mode: increasing

Release area: 0.04 m?

Application duration: 20 minutes

Molecular weight matrix: 3,000 g/mol

Mass transfer coefficient: 5.043 (Sparks method)

Dermal — Direct product contact
Loading: instant application
Product amount: 0.08 g
Absorption fraction: 6%

Paint/marker remover,
spray (DAA)

Concentration of DAA: 7% (SDS 2018d)
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Exposure scenario

Assumptions

Model: spray paint (in unknown room) in Paint Fact Sheet
(RIVM 2007Db).

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 20 minutes

Product amount: 300 g

Room volume: 20 m? (garage)

Ventilation rate: 0.6 changes per hour

Release area mode: increasing

Release area: 1 m?

Application duration: 15 minutes (US EPA 2011)

Molecular weight matrix: 3,000 g/mol

Mass transfer coefficient: DAA = 2.95 m/hr (Sparks method)

Dermal — Direct product contact
Loading: constant rate

Contact rate: 100 mg/min
Release duration: 15 minutes
Absorption model — fixed fraction
Absorption fraction: 6%

Paint thinner (for
epoxy paints)
(DAA)

Concentration: DAA = 5% to 10% (SDS 2017b)

Scenario: epoxy thinner, to clean brushes or surfaces.
Assumes that this could be done where epoxy is being used
in the home (unspecified room)

Inhalation — Exposure to vapour, evaporation model
Exposure duration: 30 minutes (Versar 1986)

Product amount: 400 g (600 mL [TDS 2015]/container x 0.8
g/ml, density of paint thinner) (Versar 1986)

Room volume: 20 m3

Ventilation rate: 0.6 changes per hour

Mass transfer coefficient: 10 m/hr (new RIVM default)
Release area mode: constant

Release area: 0.078 m?

Molecular weight matrix: 3,000 g/mol

Dermal — instant application
Product amount on skin = 2.07 g (Versar 1986)

Markers
(MIBK, DAA)

Concentration: MIBK = 10% to 30% in dry erase markers
(SDS 2015b), DAA = 60% to 100% in permanent markers
(SDS 2008, 2012c, 2014b)

Scenario: markers (dry erase or permanent)
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Exposure scenario

Assumptions

Inhalation: used scenario from Children’s Products Fact
Sheet (RIVM 2002) — for MIBK only

Product amount: 300 mg

Duration: 45 minutes

Room volume: 20 cm3

Ventilation rate: 0.6 changes per hour

Release area mode: constant

Release area: 450 cm?

Molecular weight matrix: 450 g/mol

Mass transfer coefficient: MIBK = 4.843 m/hr (Sparks
method)

Dermal or oral (ink scenario from the Arts & Creative
Materials Institute [ACMI] approach; personal
communication from the ACMI to the ESRAB, HC, 2009;
unreferenced)

Acute or per event scenario:

Intake (mg/kg bw/event = [Concentration of substance in
marker (w/w) x estimated amount of ink per exposure (50
mg) x fraction absorbed] / body weight (kg)

Amount of ink per exposure = 50 mg (Hansen et al. 2008)
Chronic scenario:

Intake (mg/kg bw/day): [(Concentration of substance in
marker (w/w) x ink laydown rate (ug/cm) x 25 cm ink
line/day)/1000 pg/mg] / body weight (kg)

Ink laydown rate = 100 pg/cm (90th percentile level for ink
laydown of writing instruments) (personal communication,
from the Duke Medical Centre to the ESRAB, HC, 2009;
unreferenced)

Essential oil as air
freshener
(inhalation)
(2,3-PD)

Concentration of 2,3-PD: 0.1% to 1% (SDS 2019f)

Scenario: essential oil as air freshener (in a living room) in
Cosmetics Fact Sheet (RIVM 2006)
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Exposure scenario

Assumptions

Inhalation — Exposure to vapour, constant rate model
Exposure duration: 240 minutes

Product amount: 1.08 g

Room volume: 58 m3

Ventilation rate: 0.5 changes per hour

Emission duration: 180 minutes

Plug-in air freshener
(inhalation)
(2,3-PD)

Concentration of 2,3-PD: 0.1% to 1% (SDS 2015d)
Scenario: plug-in air freshener

Inhalation — Exposure to vapour, instantaneous release
scenario

Frequency: all day, every day

Exposure duration: 24 hours/day

Product amount: 1 plug-in contains ~26 mL of product and
can last up to 30 days (P&G c2017a). Assumes that the
same amount is emitted each day (26 mL/30 days = ~0.9 mL
or 0.9 g/day)

Room volume: 20 m?3

Ventilation rate: 0.6 changes per hour

Gel air freshener
(inhalation)
(2,3-PD)

Concentration of 2,3-PD: 1% to 5% (SDS 2015e)
Scenario: gel air freshener

Inhalation — Exposure to vapour, instantaneous release
scenario

Frequency: all day, every day

Exposure duration: 24 hours/day

Product amount: 1 gel = ~5.5 mL of product and can last up
to 30 days (P&G c2017b). Assumes that the same amount is
emitted each day (5.5 mL/30 days = ~0.2 mL or 0.2 g/day)
Room volume: 20 m?3

Ventilation rate: 0.6 changes per hour

Table D-4. Defaults used in PARAMs model to estimate mass transfer coefficients

(Sparks method)

Parameter

Value Additional Information

Density of air (g/cm?)

0.0011774

At 25 degrees Celsius,
atmospheric pressure of 760
mmHg, and relative humidity
of 50%
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Diacetyl: 8.91E-02
2,3-PD: 8.02E-02
2,4-PD: 8.02E-02

Parameter Value Additional Information
Viscosity of air 1.86E-04 At 25 degrees Celsius
(g/lcm/s)

Velocity of air (cm/s) | 10 (Sparks et al. 1996; McGready
and Fontaine 2010)
Diffusivity in air MEK: 9.19E-02 At 25 degrees Celsius
(cm?/s) MPK: 8.22E-02
MIBK: 7.49E-02
MIAK: 6.92E-02
DAA: 7.24E-02

Length of surface for
various scenarios

Nail polish: 20 cm (20 years and
older), 7 cm (6 months to 4 years)
Nail polish remover: 40 cm (20
years and older), 14 cm (6
months to 4 years)

Paint or coating remover or
stripper (for example, lacquer
remover): 2.5 m

Adhesive remover, degreaser: 1
to5m

Paint or coating thinners: 3to 5 m
Truck bed paint: 3to 5 m

Spray paint: 1to2m
Multi-purpose adhesive: 10 to 20
cm

Wood finish (floor): 3to 5 m
Markers: 25 cm

Graffiti remover (spray): 1to2m
Eyeliner stickers: 8 cm

General coating: 3to 5 m
Filler/putty: 2to 5 cm

Values estimated by taking
into account the release area
listed in the ConsExpo Fact
Sheets for each specific
scenario (if scenario was not
available in ConsExpo,
professional judgment was
used)

Appendix E. Human inhalation exposures to diacetyl from microwave

popcorn

The approach used in Zhu et al. (2001) and the Priority Substances List Assessment for
2-butoxyethanol (Environment Canada, Health Canada 2002) was used to convert the
data from Rosati et al. (2007) on the emission of diacetyl from a bag of microwaved
popcorn based on chamber studies to a concentration in air in a standard room. Details
on the assumptions used are outlined below.
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It was assumed that the emission of diacetyl from microwave popcorn follows first order
decay and that there are no sink effects in the chamber. Given these assumptions, the
concentration of the substance in an emission chamber (or a room) is related to the
emission factor as follows:

C=[(EFox A)/(V x (N - k))] x [exp(-kt) — exp(-Nt)]  (equation 1)

where: C = the concentration of diacetyl in the chamber at any time [mg/m?3]
EFo = the initial emission factor for diacetyl from the product sample [mg/m?/h]
A = the emitting surface area of the product sample [m?]

N = the number of air changes per hour in the chamber [h"]

V = the volume of the chamber [m?3]

t = the duration of the emission [h]

and k = emission decay constant [h']

For a slowly depleting or nearly constant emission source, the decay constant k
approaches zero. When the test time t becomes infinite or a steady-state equilibrium is
reached, equation 1 can be rewritten as:

C=(EFoxA)/(V xN) (equation 2)

It was assumed that steady-state equilibrium was achieved during product testing. For
calculating the initial emission factors, equation 2 was rearranged to:

EFo = (C x N x V) / A [mg/m?/h] = [mg/m?] [h-1][m3] / [m?]  (equation 3)

where N is the number of air changes per hour in the chamber, V is the cell volume, and
A is the emitting surface area, and the average concentrations of diacetyl emitted from

the bag of microwaved popcorn is 778.9 yg/bag (Rosati et al. 2007).

Step 1: Calculate the initial emission factor using equation 3 (data from Rosati et al.
2007).

Range of
concentration N =ACH | V =volume of | A - emitting SA2
(mg/m?3) (™" chamber (m3) (m?) EFo (mg/m?/h)
5.8 2.3 0.515 0.1 68.70
0.02 2.3 0.515 0.1 0.237

a Assumes that the emitting surface area is the surface area of a popcorn bag, 1000 cm? (Borkowski 2007).
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Step 2: Calculate the emission decay constant using k = EFo*A/W, where W is the total
evaporable amount of the substance in the source (W = average amount emitted from
the microwaved popcorn bag, 0.779 mgq).

EFo (mg/m?/h) A (m?) W (mg) k (h*)
68.7 0.1 0.779 8.82
0.237 0.1 0.779 0.03

Step 3: Calculate the concentration in a standard room using equation 1.

EFo(mg/m?h) |A(m?) |V (m®) | N (h") k (h'") | t(h) | Concentration (mg/m?3)
68.7 01 | 174 | 05 8.82 0.0288
0.237 01 | 174 | 05 8.82 0.0001

For 5.8 mg diacetyl/m3
Time (min) Concentration (mg/m?3)
0 0
10 0.0328
20 0.0377
30 0.0364
40 0.0339
50 0.0313
60 0.0288
120 0.0175
180 0.0106
240 0.0064
300 0.0039
360 0.0024
Avg after 6 hrs 0.02

For 0.02 mg diacetyl/m?3

Time (min) Concentration (mg/m3)

0 0

10 0.00011
20 0.00013
30 0.00013
40 0.00012
50 0.00011
60 0.00010
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0.00006

120
180 0.00004
240 0.00002
300 0.00001
360 0.00001

0.00007

Avg after 6 hrs
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Appendix F. Parameters used for route-to-route extrapolation

Table F-1. Parameters used for route-to-route extrapolation

Study -
Substance | parameter Oglglnal Converted Formula
s ose dose

MIBK 2-year; 1843 mg/m® | 101 mg/kg 1843 x 0.312 x (6h/24h)° x
6h/day; 5 bw/day (5d/7d)°
days/week

MIAK 69 934 mg/m3 52 mg/kg 934 x 0.312 x (6h/24h)° x
exposures bw/day (69d/96d)4
spanning
96
calendar
days;
6h/day;

2.3-PD RA from 90 mg/kg 105 mg/kg 90 x (100.12 / 86.09)¢
diacetyl 90- | bw/day bw/day
day study

2.3-PD 14-week; 51 mg/m3 12 mg/kg 51 x 1.337 x (6h/24h)P x
6h/day; 5 bw/day (5d/7d)°
days/week

2.3-PD 14-week; 102 mg/m3 24 mg/kg 102 x 1.33f x (6h/24h)° x
6h/day; 5 bw/day (5d/7d)°
days/week

2.4-PD 6h/day;GD | 827 mg/m? 64 mg/kg 827 x 0.312 x (6h/24h)°
6-15 bw/day

2.4-PD 6h/day; 5 417 mg/m3 23 mg/kg 417 % 0.312 x (6h/24h)P x
days/week; bw/day (5d/7d)°
14-week

MO 6-week; 200 mg/m3 15 mg/kg 200 x 0.312 x (8h/24h)° x
8h/day; 5 bw/day (5d/7d)°
days/week

a Considering a standard rat body weight of 0.35 kg and a volume of inhalation of 0.11 m?/day, resulting in a constant
of 0.31 m%day kg (from Health Canada 1994).
b Exposure duration in a day
¢ Duration of the study

4 Number of exposures

¢ Molecular weight (substance/read-across)
f Considering a standard mice body weight of 0.03 kg and a volume of inhalation of 0.04 m3/day, resulting in a

constant of 1.33 m3¥/day kg (from Health Canada 1994).
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