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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 a screening
assessment of cyclohexane, 5-isocyanato-1-(isocyanatomethyl)-1,3,3-trimethyl-,
hereinafter referred to as isophorone diisocyanate (IPDI). The Chemical Abstracts
Service Registry Number (CAS RN?) for IPDI is 4098-71-9. This substance is among
those substances identified as priorities for assessment on the basis of other human
health concerns.

IPDI does not occur naturally in the environment. It is used primarily as a monomer to
make various polymers, such as polyurethanes. According to information submitted in
response to a survey under CEPA section 71, there was no manufacture of IPDI in
Canada in 2011. A total of 111 104 kg of IPDI was imported into Canada in 2011. IPDI
has been reported to be found in paints and coatings, adhesives and sealants, and floor
coverings.

The ecological risk of IPDI was 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 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, IPDI is considered unlikely to be
causing ecological harm.

Considering all available lines of evidence presented in this screening assessment,
there is low risk of harm to the environment from IPDI. It is concluded that IPDI does not
meet the criteria under paragraphs 64(a) or (b) of CEPA as it is 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.

The general population is not expected to be exposed to IPDI via environmental media,
food or drinking water. IPDI may be used in a small number of automotive paint

1 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.



hardeners available to consumers. Air concentrations of IPDI from the do-it-yourself use
of these products were modelled and compared with the critical health effect levels for
IPDI. Changes in the nasal cavity and larynx indicative of airway irritation were identified
as the critical health effect for IPDI. The resultant margins of exposure are considered
adequate to address uncertainties in the health effects and exposure databases.

On the basis of the information presented in this screening assessment, it is concluded
that IPDI does not meet the criteria under paragraph 64(c) of CEPA as it is 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 IPDI does 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 a screening assessment of cyclohexane, 5-isocyanato-1-(isocyanatomethyl)-
1,3,3-trimethyl-, hereinafter referred to as isophorone diisocyanate (IPDI), to determine
whether this substance presents or may present a risk to the environment or to human
health. This substance is among those substances identified as priorities for
assessment on the basis of other human health concerns (ECCC, HC [modified 2017]).

The ecological risk of IPDI was 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 as warranting further evaluation of their potential to
cause harm to the environment or as having a low likelihood of causing harm to the
environment.

IPDI was reviewed internationally through the Organisation for Economic Co-operation
and Development (OECD) Cooperative Chemicals Assessment Programme, and an
OECD Screening Information Dataset Initial Assessment Report (SIAR) is available.
The OECD 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 reliable. The OECD SIAR will be used to inform the health
effects characterization in this screening assessment.

This screening assessment includes consideration of information on chemical
properties, hazards, uses, and exposures, including additional information submitted by
stakeholders. Relevant data were identified up to July 2017. Empirical data from key
studies, as well as some results from models, were used to reach conclusions. When
available and relevant, information presented in assessments from other jurisdictions
was considered.

This screening assessment was prepared by staff in the CEPA Risk Assessment
Program at Health Canada and Environment and Climate Change Canada and
incorporates input from other programs within these departments. The ecological
portion of this assessment is based on the ERC document (published July 30, 2016),
which was subject to an external review as well as a 60-day public comment period.
Additionally, the draft of this screening assessment (published March 3, 2018) was
subject to a 60-day public comment period. While external comments were taken into
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consideration, the final content and outcome of the screening assessment remain the
responsibility of Health Canada and Environment and Climate Change Canada.

This screening assessment focuses on information critical to determining whether a
substance meets the criteria as set out in section 64 of CEPA, by examining scientific
information and incorporating a weight-of-evidence approach and precaution.? It
presents the critical information and considerations on which the conclusion is based.

2. ldentity of substance

The substance isophorone diisocyanate (IPDI) is an organic chemical belonging to a
substance class known as isocyanates. Information regarding the identity of this

isocyanate is summarized in Table 2-1.

Table 2-1: Substance identity

CAS RN2 Domestic Substances | Chemical structure and | Molecular weight
List (DSL) name molecular formula (g/mol)
(common name)
H,C CH,
Cyclohexane, 5- o
isocyanato-1- e 7
(isocyanatomethyl)- N
4098-71-9 | 1,3,3-trimethyl- y 222
4
(isophorone Vi
diisocyanate) 0
C12H18N202

2 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society, and
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the
Government of Canada when the information and the reports are required by law or administrative policy, is not
permitted without the prior written permission of the American Chemical Society.

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

A summary of physical and chemical properties of IPDI is presented in Table 3-1 (based
on OECD 2006). Additional physical chemical properties are presented in ECCC
(2016b).

Table 3-1: Physical and chemical property values for IPDI (at standard
temperatures and pressures)

Property Value Type of data | Reference

Melting point (°C) -60 experimental Sax and Lewis (1987), as
cited in OECD 2006

Boiling point (°C) 310 experimental | Auer (1989); INRS (1988),
as cited in OECD 2006

Vapour pressure (Pa) 0.06 experimental Bayer AG (1994), as cited in

(20°C) OECD 2006

Henry’s law constant 0.94 predicted Degussa AG (2006), as cited

(Pa m3/mol) in OECD 2006

Water solubility (mg/L) 15 experimental Infracor GmbH (2000), as

(23°C) cited in OECD 2006

Density (g/mL) (20°C) 1.06 experimental | Auer (1989); INRS (1988),
as cited in OECD 2006

n-octanol/water 4.75 predicted Degussa AG (2006), as cited

partition coefficient (log in OECD 2006

Kow)

Abbreviations: Kow, octanol-water partition coefficient.

4. Sources and uses

IPDI does not occur naturally in the environment. It is manufactured from 3-
aminomethyl-3,5,5-trimethylcyclohexylamine by reaction with either phosgene or urea
(OECD 2006). IPDI was included in a survey under section 71 of CEPA (Canada 2012).
In the 2011 calendar year, there were no reports of manufacture in Canada above the
reporting threshold of 100 kg (Environment Canada 2013). A reported total quantity of
111 104 kg of IPDI was imported into Canada, either alone or in a mixture or product at
a concentration equal to or above 0.1% by weight.2 The worldwide production volume of

3 Values reflect quantities reported in response to a survey conducted under section 71 of CEPA (Canada 2012). See
survey for specific inclusions and exclusions (schedules 2 and 3).
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IPDI is estimated to be in the order of 25 to 35 million kg per year (OECD 2006). In the
United States, the national production volume for IPDI was 4.5 to 22.6 million kg for the
year 2015 (CDAT [modified 2017]).

In a survey conducted under CEPA section 71, IPDI was reported to be used in paints
and coatings, adhesives and sealants, and floor coverings. These uses are consistent
with the global uses of IPDI. Globally, IPDI is used primarily as an intermediate or
monomer to make various polymers, such as polyurethanes or other polymers
comprising urethane functions, particularly coatings, varnishes and impregnation for
cars, floors, leather, cans and coils, and special adhesives (OECD 2006). It may also
be used in food packaging materials (personal communication, email from the Food
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau,
Health Canada, dated March 2017; unreferenced).

5. Potential to cause ecological harm
5.1 Characterization of ecological risk

The ecological risk of IPDI was characterized using the ecological risk classification of
organic substances (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 (e.g., LCso) for
characterization. The following summarizes the approach, which is described in detail in
ECCC (2016a).

Data on physical and chemical properties, fate (chemical half-lives in various media and
biota, partition coefficients, and fish bioconcentration), acute fish ecotoxicity, and
chemical import or manufacture volume in Canada were collected from the scientific
literature, from available empirical databases (e.g., OECD QSAR Toolbox) and from
responses to surveys conducted under CEPA section 71, or they were generated using
selected quantitative structure-activity relationship (QSAR) 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 potential for each organic substance as low, moderate, or high.

4
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Additional rules were applied (e.g., classification consistency and 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 (i.e., 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, exposure and subsequent risk. The balanced approaches for
dealing with uncertainties are described in greater detail in ECCC (2016a). The
following describes two of the more substantial areas of uncertainty. Error with empirical
or modeled acute toxicity values could result in changes in classification of hazard,
particularly metrics relying on tissue residue values (i.e., mode of toxic action), many of
which are predicted values from QSAR models. However, the impact of this error is
mitigated by the fact that overestimation of median lethality will result in a conservative
(protective) tissue residue value used for critical body residue (CBR) 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
classification of exposure as the 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 believed to be the current use quantity, and may not
reflect future trends.

Critical data and considerations used to develop the substance-specific profiles for IPDI
and the hazard, exposure and risk classification results are presented in ECCC (2016b).

According to information considered under ERC, IPDI was classified as having a
moderate hazard potential on the basis of a reactive mode of action and a moderate
potential to cause adverse effects in aquatic food webs given its bioaccumulation
potential. However, the potential effects and how they may manifest in the environment
were not further investigated due to the low exposure of this substance. Considering
current use patterns, IPDI is unlikely to be resulting in concerns for the environment in
Canada.
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6. Potential to cause harm to human health
6.1 Health effects assessment

OECD (2006) summarizes the health effects literature and characterized the hazard for
IPDI. It was used to inform the health effects characterization in this screening
assessment and to provide critical endpoints and corresponding effect levels for IPDI in
risk characterization. A literature search was conducted from the year prior to the OECD
assessment to March 2017. No health effects studies which could impact the risk
characterization (i.e., result in different critical endpoints or lower points of departure
than those stated in OECD) were identified. Key studies for risk characterization from
the OECD SIAR are presented below.

A short-term, repeated-dose toxicity study was conducted in Wistar rats via the
inhalation route of exposure following OECD Test Guideline 412. Test animals were
exposed at doses of 0.24, 1.05, or 4.1 mg/m? for 6 hours/day, 5 days/week for 4 weeks
(10 animals per sex and dose group). The respiratory tract was the target organ, with
clinical signs of respiratory tract irritation (nostrils: red encrustations, stridor, nasal
discharge, breathing sounds, and hypothermia). The NOAEC and LOAEC were
determined to be 0.24 and 1.05 mg/m?, respectively, on the basis of histopathological
changes in nasal cavity and larynx (Bayer AG 2003, as cited by OECD 2006). At 4.1
mg/m3, the pharynx, trachea, and lungs were affected; lesions in the lung and trachea
were reversible within the 4 weeks of recovery. However, lesions in the nasal cavity,
pharynx, and larynx still remained in some animals with minimal or slight severity.

In an acute inhalation irritation experiment (Pauluhn 2004), several isocyanates
including IPDI were assessed in Wistar rats during 6-hour nose-only exposures. In
contrast to some pulmonary irritants, IPDI was considered an upper airway irritant. For a
single, 6-hour exposure, effects elicited by IPDI were limited to upper airway irritation,
which fully resolved within days following cessation of exposure. A NOAEC of 8 mg/m?
was derived by the study authors for IPDI on the basis of indications of upper airway
irritation at a concentration of 26 mg/ms3.

The European Commission has classified IPDI as a Category 1 respiratory sensitizer
(EC 2008). Multiple cases of sensitization to the respiratory tract due to IPDI exposure
in occupational settings, including spray painting and polyurethane production, have
also been reported (Tyrer 1979 as cited by OCED 2006; Clarke and Aldons 1981 as
cited by OCED 2006; Germanaud et al. 2003, as cited by OECD 2006). More recent
publications confirm IPDI as a respiratory or skin sensitizer in the auto repair
occupational exposure settings (Bello et al. 2008, Liippo and Lammintausta 2008; Aalto-
Korte et al. 2012; Reeb-Whitaker et al. 2012; CNESST 2017). To be protective of
respiratory effects including airway irritation and development of sensitization, a
threshold limit value of 45 pug/m?3 (0.005 ppm) has been determined by ACGIH for daily
exposures for workers (ACGIH 2012). For acute exposures, respiratory effects are
considered to be limited to upper airway irritation.

6
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6.2 Exposure assessment

No reports of measured concentrations of IPDI in environmental media or food in
Canada were identified. Although IPDI is not manufactured in Canada, releases of IPDI
into the environment may occur during the manufacture of downstream products. The
National Pollutant Release Inventory reported total on-site releases (air, water and land)
of IPDI from industrial activities in Canada of 10 and 219 kg in 2014 and 2015,
respectively (NPRI [modified 2016]). However, IPDI readily hydrolyzes upon contact
with water to form its respective amine, isophoronediamine (IPDA) (OECD 2006), and
concentrations in environmental media are therefore expected to be negligible. IPDI has
been identified as being used as a component in the manufacture of some food
packaging materials (coatings, adhesives, casings, and paper) in Canada. As IPDI is
expected to rapidly hydrolyze to IPDA, exposure to IPDI from food packaging
applications are expected to be negligible (personal communication, email from the
Food Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau,
Health Canada, dated March 2017; unreferenced).

IPDI was identified as an ingredient in a small number of enamel hardeners for two-
component automotive paints available for use by consumers in Canada as a do-it-
yourself (DIY) application. The concentration of IPDI in these products is generally low,
ranging from 0.1% to 1% (MSDS 2013; MSDS 2014). As consumers may not wear
protective equipment when using products, estimates of air concentrations of IPDI were
generated for a DIY scenario involving the mixing of a paint hardener containing IPDI
with automotive paint. The resulting air concentrations are presented in Table 6-1
below.

When the hardener (containing IPDI) is mixed with the automotive paint, the two
components react chemically and hardening occurs as the polymers are formed (RIVM
2007). IPDI is highly reactive and the majority will be consumed during polymerization,
however some proportion will become airborne. Airborne IPDI not consumed during
polymerization will be generated during the mixing and not during application as it will
have already reacted. It is conservatively assumed that all IPDI present in the hardener
becomes airborne during mixing. The frequency and duration of this activity is expected
to be low, less than once per year for a period of a few days. The mixing event should
only take a few minutes to complete. Several exposure durations were modelled to align
with the different exposure durations in the animal studies. Further details on the model
inputs are presented in Appendix A.

There is potential for incidental dermal exposure to IPDI during use of this product,
however, the inhalation route of exposure was associated with the critical effect for risk
characterization. As such, dermal exposures were not modelled.
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Table 6-1: Air concentrations of IPDI from the use of DIY automotive paint
hardener for two-component paints using ConsExpo Web (2016)

Mean air Mean air_ Mean gir
, : concentration concentration on
Product scenario | concentration per
event (mg/m?)? per 6 hoaubrs the day of ,
(mg/m?) exposure (mg/m?)°
Use of automotive
paint hardener with
automotive paint 0.65 0.0090 0.0022
(two-component
paint)

aduring the 5-minute event

b modelled airborne IPDI generated during the 5-minute event, amortized over 6-hours to match the duration of the
animal study

¢ modelled airborne IPDI generated during the 5-minute event, amortized over 24-hours to match daily exposure

6.3 Characterization of risk to human health

Table 6-2 provides all relevant exposure and critical health effect levels for IPDI, as well
as resultant margins of exposure (MOE) for the determination of risk. The exposure
scenario is considered to be restricted to a 5-minute period. In the available health
effects database, exposures to IPDI for such limited durations of exposure would result
in recoverable upper airway irritation only at very high air concentrations (26 mg/m2). On
the basis of the duration of exposure for the critical health effect, the mean air
concentration amortized over 6 hours and on the day of exposure was considered the
most appropriate exposure metric for risk characterization to harmonize with the study
duration.

Table 6-2: Relevant exposure and hazard values for IPDI, as well as MOEs, for
determination of risk

Exposure Air concentration? Critical Critical health MOE
scenario effect level effect endpoint
DIY use of
. . Based on upper
automotive Mean air : A
. . NOAEC airway irritation in
paint hardener | concentration over 6 3 3 .
) 3 mg/m animals exposed to 888
with hours (mg/m?) a sinale 6-hour
automotive 0.0090 mg/m? 9
. exposure
paint
Based on
DIY use of histopathological
automotive changes in nasal

Mean concentration NOAEC

paint hardener on day of exposure | 0.24 mg/m?

cavity and larynx, 497

with 3 exposure 6
automotive 0.0022 mg/m hours/day, 5
paint days/week for 4

weeksP
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Abbreviations: NOAEC, no-observed-adverse-effect-concentration.
a As modelled in ConsExpo Web (2016) for general population exposure.
b As reported by OECD 2006.

Further, given the vapour pressure of the compound and the saturated air concentration
(5.4 mg/m?3), it is not possible to produce air concentrations of IPDI approaching the
acute NOAEC (of 8 mg/m?3) for this consumer exposure scenario.

These margins are considered adequate to address uncertainties in the health effects
and exposure databases.

6.4 Uncertainties in evaluation of risk to human health

On the basis of the animal data, human data, and well-known reactivity of
diisocyanates, respiratory sensitization is an endpoint of concern following repeated
exposures. However, it is unlikely that this endpoint will be relevant for this DIY
exposure scenario for IPDI in Canada as it has a very limited use pattern given that the
number and type of products are limited in scope and are used less than once per year
for a period of a few days. Also, the available data suggest that health effects would be
limited to upper airway irritation after acute exposures. Furthermore, for the most part,
the safety data sheets that accompany the products recommend adequate ventilation or
the use of respiratory protection.

In addition, the exposure models and inputs used to generate air concentrations for the
DIY scenario are very conservative as it is assumed that 100% of the IPDI in the
product is volatilized during mixing and that none remains in the mixture. This is an
upper bound, as most of the IPDI monomer will be incorporated into the polymer during
hardening and only a small fraction of the monomer will be available for volatilization
into air during mixing.

7. Conclusion

Considering all available lines of evidence presented in this screening assessment,
there is low risk of harm to the environment from IPDI. It is concluded that IPDI does not
meet the criteria under paragraphs 64(a) or (b) of CEPA as it is 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 screening assessment, it is concluded
that IPDI does not meet the criteria under paragraph 64(c) of CEPA as it is 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.
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Therefore, it is concluded that IPDI does not meet any of the criteria set out in section
64 of CEPA.
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Appendix A

Exposures were estimated using the ConsExpo Web (2016) inhalation exposure to
vapour, evaporation model as recommended in the ConsExpo Paint Fact Sheet for two-
component paints (RIVM 2007). All recommended default values for two-component
paints from the fact sheet were used.

As per the guidance in the ConsExpo Paint Fact Sheet, the mixing of the base lacquer
and the hardener immediately before painting may lead to inhalation and dermal
exposure. The base lacquer and the hardener are mixed and react chemically, then
harden. After mixing, the mixed paint can be used for a specific time period (known as
the ‘pot life’). Inhalation exposure can occur if volatile compounds evaporate during the
mixing process. It is unlikely that the volatile compounds will be formed during the
chemical reaction between the base lacquer and the hardener, because polymers are
formed to provide the bond.

Model inputs: Inhalation exposure model: Exposure to vapour - Evaporation
Molecular weight of IPDI: 222 g/mol

Kow: log 4.75

Concentration of IPDI in enamel hardener: 1%

Body weight: 70.9 kg

Frequency: less than once per year for a period of a few days
Exposure duration: 5 minutes, default for time to mix/load paint; RIVM 2007
Product amount: 118 g

Weight fraction substance: 1%

Room volume: 1 m3, default for personal space; RIVM 2007
Ventilation rate: 0.6/hr, default for unspecified room; RIVM 2007
Inhalation rate: 13.5 m3/day, default for light exercise, RIVM 2005
Application temperature: 20°C

Vapour pressure 0.06 Pa

Molecular weight: 222 g/mol

Mass transfer coefficient 2500 m/min, default, RIVM 2007
Release area mode: constant, RIVM 2007

Release area: 95 cm?, default, RIVM 2007

Emission duration: 5 minutes, default, RIVM 2007

Product in pure form: no

Molecular weight matrix: 3000 g/mol, default, RIVM 2007
Absorption model: not applicable
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