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Screening Assessment MDI/MDA Substance Grouping

Synopsis

Pursuant to sections 68 and 74 of the Canadian Environmental Protection Act, 1999
(CEPA), the Minister of the Environment and the Minister of Health have conducted a
screening assessment of seven substances referred to collectively as the
Methylenediphenyl Diisocyanate and Diamine (MDI/MDA) Substance Grouping. The
MDI/MDA Substance Grouping consists of five MDI substances, which include three
monomeric MDI substances (benzene, 1,1'-methylenebis[4-isocyanato-; benzene, 1,1'-
methylenebis[2-isocyanato-; and benzene, l-isocyanato-2-[(4-
isocyanatophenyl)methyl]-), one polymeric MDI substance (isocyanic acid,
polymethylenepolyphenylene ester) and one mixed MDI substance (benzene, 1,1'-
methylenebis[isocyanato-). The MDI/MDA Substance Grouping also includes two MDA
substances: one monomeric MDA substance (benzenamine, 4,4'-methylenebis-) and
one polymeric MDA substance (formaldehyde, polymer with benzenamine). Their
Chemical Abstracts Service Registry Numbers (CAS RNs), Domestic Substances List
(DSL) names and acronyms are listed in Table 1 below.

Table 1-1. CAS RNs and DSL names for substances in the MDI/MDA Substance Grouping

CAS RN? DSL Name Acronym

101-68-8 Benzene, 1,1'-methylenebis[4-isocyanato- 4,4'-MDI

2536-05-2° Benzene, 1,1'-methylenebis[2-isocyanato- 2,2"-MDI

5873-54-1" Benzene, 1-isocyanato-2-[(4- 2,4'-MDI
isocyanatophenyl)methyl]-

26447-40-5 Benzene, 1,1'-methylenebis[isocyanato- mixed MDI
Isocyanic acid, pMDI

9016-87-9 polymethylenepolyphenylene ester

101-77-9° Benzenamine, 4,4-methylenebis- 4,4'-MDA

25214-70-4° Formaldehyde, polymer with benzenamine | pMDA

% 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
Eermitted without the prior, written permission of the American Chemical Society.

This substance was not identified under subsection 73(1) of CEPA but was included in this assessment as it was
considered a priority because of other human health concerns.
¢ This substance was not identified under subsection 73(1) of CEPA but was included in this assessment because of
its similarity to 4,4'-MDA.

The five MDI substances and 4,4'-MDA in the MDI/MDA Substance Grouping were
identified as priorities for action as they either met categorization criteria under section
73 of CEPA and/or were considered priorities for assessment because of human health
concerns. Polymeric MDA (pMDA) did not meet any categorization criteria, but was
added to the MDI/MDA Substance Grouping given its similarity to 4,4-MDA (i.e., its
composition largely consisting of 4,4-MDA).

The MDI and MDA substances are characterized by a similar core structure, but differ in
their functional groups, with the presence of isocyanate functional groups for MDI
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substances and amino functional groups for MDA substances. MDI substances are very
reactive because of the presence of the isocyanate groups.

According to information submitted under section 71 of CEPA, between 10 and 100
million kg each of 4,4'-MDI and pMDI and between 1 and 10 million kg of mixed MDI
were imported and used in Canada in 2011. 4,4-MDA was imported into Canada in
guantities of between 1000 and 10 000 kg, and pMDA was imported in a range of 100 to
1000 kg. The major use of 4,4-MDI, pMDI and mixed MDIs is in the production of
polyurethane products, such as adhesives, coatings and insulation foams, flexible
packaging laminate and foam slabs used in furniture. MDI substances are also used as
adhesives in the production of engineered wood products, such as oriented strand
board. The major use of 4,4'-MDA and pMDA is as an intermediate in the production of
MDils.

MDI substances have a potential for release to the environment, primarily to air during
industrial use, such as during the production of engineered wood and polyurethane
products. Releases of MDI substances to air were reported under the National Pollutant
Release Inventory (NPRI) for the years 2008-2013. Oriented strand board facilities are
considered to have higher releases than other types of facilities using MDI substances
in terms of quantity of substance used and associated proportional release. Quantities
of MDI substances released to air may further contribute to deposition to soil and/or
surface waters in the surrounding area.

Because of the very reactive nature of the isocyanate groups of MDI substances, when
released to the environment, they rapidly hydrolyze in water and in soil, where a degree
of moisture is typically present. Hydrolysis reaction of MDI generates inert polyureas
and small amounts of MDA as main reaction products. In air, MDI substances will
readily react with hydroxyl radicals and/or will condense or be deposited on soil and
water surfaces.

Environmental concentrations of 4,4'-MDA and pMDA in Canada were not identified.
4,4'-MDA is on the list of reportable substances under NPRI, but no releases were
reported. 4,4'-MDA may be released to the environment from industrial uses, such as
polyurethane manufacturing; however, given the low quantities in commerce of this
substance in Canada, such releases are expected to be negligible.

Because of its physical and chemical properties, 4,4-MDA degrades rapidly in air. The
substance does not hydrolyze in water, and biodegradation tests using activated sludge
suggest that intermediate biodegradation rates would occur under environmental
conditions. In soil, 4,4'-MDA covalently binds to humic substances, thereby reducing its
bioavailability and bioaccessibility. Faster rates of biodegradation in soil were observed
in the presence of degradable organic substances mixed in with the soil substrate.
Limited data are available for the degradation potential of MDA in sediments, and it is
expected that most 4,4-MDA in a sediment-water environment will bind to sediments
and be unavailable for biodegradation. Degradation of pMDA is expected to be similar
to 4,4-MDA.
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Both the MDI and MDA substances are known to have low bioaccumulation potential.
They are characterized by low bioconcentration factors in fish. It is expected that very
limited amounts of MDI substances would be available for uptake by organisms from
environmental media. 4,4'-MDA tends to be readily metabolized and eliminated from the
body by mammals and is unlikely to biomagnify in terrestrial food webs.

Results from acute aquatic toxicity studies suggest that neither 4,4'-MDI nor pMDI is
appreciably toxic to aquatic species. MDI substances also have low toxicity to the tested
soil invertebrate species and plants. Effects of MDI substances on small mammals as a
result of inhalation were observed to be moderate. Overall, MDI exposure to organisms
in the environment will be below levels expected to cause harm.

4,4’-MDA was observed to be moderately to highly toxic to various aquatic organisms in
acute and/or chronic tests, including algae, microorganisms, invertebrates and fish. 4,4'-
MDA exhibits low to moderate toxicity to soil organisms and plants and is moderately
toxic to sediment-dwelling organisms and birds.

The potential for exposure of aquatic organisms to 4,4'-MDA is likely to result from
releases of MDIs to air, their deposition to soil or surface waters, and their subsequent
conversion to 4,4'-MDA. The high volumes of MDI substances imported into Canada,
along with information on their uses, indicate that MDI substances will be found mainly
in air and near point sources of emission. It was determined that harm to aquatic and
soil organisms from current exposures to 4,4'-MDA arising from the deposition of MDIs
in surface waters and soil is unlikely in Canada. It was also determined that harm to
terrestrial mammals from inhalation exposure to MDI substances is unlikely.

Considering all available lines of evidence presented in this screening assessment,
there is low risk of harm to organisms and the broader integrity of the environment from
the substances in the MDI/MDA Substance Grouping. It is concluded that the five MDI
substances, 4,4-MDA and pMDA do not meet the criteria under paragraphs 64(a) or (b)
of CEPA as they are not entering the environment in a quantity or concentration or
under conditions that have or may have an immediate or long-term harmful effect on the
environment or its biological diversity or that constitute or may constitute a danger to the
environment on which life depends.

Considering the collective information and classifications by other international
regulatory agencies critical effects for characterization of the risk to human health from
exposure to MDI substances are carcinogenicity, respiratory effects including
sensitization, and dermal sensitization. Incidences of lung tumours were observed in
rats exposed to high concentrations of MDIs in two-year inhalation studies. The
collective evidence from genotoxicity studies suggests that MDI substances are not
likely to be mutagenic. Available information from studies with experimental animals,
human case studies and epidemiological data were used to establish critical effect
levels for risk characterization.
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The margins of exposure between upper-bounding estimated environmental
concentrations from emissions of MDIs in the vicinity of industrial sites and the critical
effect levels for respiratory effects are considered to be adequate to address
uncertainties in the health effects and exposure databases. The margins between
estimates of exposure resulting from use of certain do-it-yourself (DIY) products,
specifically low-pressure two-component spray polyurethane foam (SPF) products, and
the critical effect levels for respiratory effects are considered to be inadequate to
address uncertainties in the health effects and exposure databases.

Considering primarily assessments by international agencies and the available
information, , a critical effect of 4,4'-MDA for characterization of risk to human health is
carcinogenicity. No health effects data were identified for pMDA. In consideration of the
fact that 4,4-MDA is the main component of pMDA, the health effects assessment of
4,4'-MDA was used to represent that of pMDA. Exposure of the general population to
4,4'-MDA and pMDA from environmental media is not expected given that they are not
manufactured in Canada and their uses are confined to a very limited number of
industrial operations. Furthermore, exposure to 4,4'-MDA and pMDA from use of
consumer products is not expected. As exposure of the general population to 4,4-MDA
and pMDA is not expected, the risk to human health is expected to be low.

On the basis of the information presented in this screening assessment, it is concluded
that MDIs meet the criteria under paragraph 64(c) of CEPA as they are 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 also concluded that 4,4'-MDA
and pMDA 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.

Overall conclusion

It is concluded that the five MDI substances (CAS RNs 101-68-8, 2536-05-2, 5873-54-1,
9016-87-9 and 26447-40-5) in the MDI/MDA Substance Grouping meet one or more of
the criteria set out in section 64 of CEPA. However, they have been determined not to
meet the persistence or bioaccumulation criteria as set out in the Persistence and
Bioaccumulation Regulations of CEPA. It is also concluded that 4,4-MDA (CAS RN
101-77-9) and pMDA (CAS RN 25214-70-4) do not meet any of the criteria set out in
section 64 of CEPA.
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1. Introduction

Pursuant to sections 68 and 74 of the Canadian Environmental Protection Act, 1999
(CEPA) (Canada 1999), the Minister of the Environment and the Minister of Health
conduct screening assessments of substances to determine whether they present or
may present a risk to the environment or to human health.

The Substance Groupings Initiative is a key element of the Government of Canada’s
Chemicals Management Plan (CMP) (Environment and Climate Change Canada,
Health Canada 2007a). The Methylenediphenyl Diisocyanate and Diamine (MDI/MDA)
Substance Grouping consists of two MDA substances and five MDI substances. 4,4'-
MDA did not meet the categorization criteria under section 73 of CEPA but was
considered to be a health priority at the time of categorization on the basis of high
hazard classification by other international agencies. Polymeric MDA did not meet
categorization criteria but was added to the MDI/MDA Substance Grouping given its
similarity to 4,4'-MDA. 4,4'-MDI, polymeric MDI and mixed MDI met the categorization
criteria under section 73 of CEPA. 2,2-MDI and 2,4'-MDI did not meet the
categorization criteria but were added to this grouping post-categorization on the basis
of new high hazard classifications by other international agencies. None of the
substances in the MDI/MDA Substance Grouping met categorization criteria for
persistence, bioaccumulation or inherent toxicity to aquatic organisms.

Screening assessments focus on information critical to determining whether a
substance meets the criteria for defining a substance as toxic as set out in section 64 of
CEPA. Screening assessments examine scientific information and develop conclusions
by incorporating a weight-of-evidence approach and precaution.*

Evaluation of risk to human health involves consideration of data relevant to estimation
of exposure (non-occupational) of the general population, as well as information on
health hazards (principally from assessments of other agencies that were used for
prioritization of the substance). Decisions for human health are based on the nature of
the critical effect and/or margins between conservative effect levels and estimates of
exposure, taking into account confidence in the completeness of the identified
databases on both exposure and effects, within a screening context. The screening
assessment presents the critical information and considerations on which the
conclusions are based.

! A determination of whether one or more of the criteria of section 64 of CEPA are met is based upon an assessment
of potential risks to the environment and/or to human health associated with exposures in the general environment.
For humans, this includes, but is not limited to, exposures from ambient and indoor air, drinking water, foodstuffs, and
products used by 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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This screening assessment includes consideration of information on chemical
properties, environmental fate, hazards, uses, and exposure, as well as additional
information submitted by stakeholders. Data relevant to the screening assessment of
these substances were identified up to February 2015 for ecological sections of the
document and up to April 2015 for human health sections. Empirical data from key
studies, as well as model results, 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 Existing Substances Programs
at Health Canada and Environment and Climate Change Canada and incorporates input
from other programs within these departments. The ecological and human health
portions of this assessment have undergone external written peer review/consultation.
Comments on the technical portions relevant to the environment were received from
Raili Moldov (Department of Chemical Safety, Health Board, Estonia) and Robert J.
West (The Dow Chemical Company, United States). Comments on the technical
portions relevant to human health were received from scientific experts selected and
directed by Toxicology Excellence for Risk Assessment (TERA), including Andrew
Maier (TERA), Leena Nylander-French (University of North Carolina at Chapel Hill),
Mark Utell (University of Rochester School of Medicine), Paul Siegel (National Institute
for Occupational Safety and Health [NIOSH]), Naomi Hudson (NIOSH) and Kathleen
Ernst (NIOSH). Additionally, the draft of this screening assessment was subject to a 60-
day public comment period. While external comments were taken into consideration, the
final content and outcome of the screening assessment remain the responsibility of
Health Canada and Environment and Climate Change Canada.

The critical information and considerations on which the assessment is based are
summarized below.

2. ldentity of Substances

This screening assessment focuses on five methylenediphenyl diisocyanate substances
(MDls) and two methylenediphenyl diamine substances (MDAs) within the MDI/MDA
Substance Grouping. MDIs and MDAs have similar core structures and differ through
presence of functional groups, i.e., MDIs contain isocyanate groups and MDAs are
characterized by amino functional groups. MDAs are typically used to make MDIs and
are also formed as MDIs degrade.

2.1 MDAs

This screening assessment focuses on the assessment of one monomeric MDA
substance, 4,4'-MDA (CAS RN 101-77-9), and one polymeric UVCB (unknown or
variable composition, complex reaction products, or biological materials) substance ,
namely pMDA (CAS RN 25214-70-4), which is largely composed of monomeric MDA,
likely 4,4'-MDA (Allport et al. 2003).
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Production of MDA substances is generally carried out by the acid catalyzed
condensation reaction of aniline with formaldehyde to form the polymeric MDA (pMDA),
which consists of mixtures of MDA monomers and higher ring homologues (Amini and
Lowenkron 2003; Lowenkron 2000). The isomeric composition, along with the relative
amount of monomers to higher ring homologues in the pMDA, can be varied depending
on the needs of the end user. Therefore, pMDA may show a wide range of
compositions; however, the typical composition is 50% 2-ring isomers (the majority of
which is 4,4-MDA), 25% 3-ring isomers, 12% 4-ring isomers, 6% 5-ring isomers and 7%
isomers with 6 or more rings or undefined materials (Allport et al. 2003).

Elsewhere, composition of pMDA used in an environmental toxicity study was reported
to be of nearly 60% 4,4-MDA, less than 3% 2,4'-MDA, less than 0.1% 2,2'-MDA, and
oligomers at approximate concentrations of 21% for 3-ring isomers, 8% for 4-ring
isomers, 3% for 5 ring isomers, and 4% for 6 or more ring isomers (ECHA c2007-
2013b). When a higher aniline to formaldehyde ratio is used, the relative proportion of 2-
ring structures will increase relative to the higher ring structures (i.e., greater than 2)
(Lowenkron 2000). Any unreacted aniline is recycled back to the beginning of the
reaction. Also, side reactions which may occur during the production of pMDA typically
result in some production of N-methyl and quinazoline derivatives of aniline and MDA
however, processes have been successful in minimizing these side reactions (these
would typically make up less than 7% of the pMDA based on the composition presented
previously) (Lowenkron 2000).

The structural identities of MDA substances included in the MDI/MDA Substance
Grouping are presented in Table 2-1.
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Table 2-1. Identity of 4,4'-MDA and pMDA

Molecular .
CAS RN DSL Name Chemical structure weight Chemical
(Acronym) formula
(g/mol)
Benzenamin
101-77-9 meetF14I':n-ebi
(4,4'-MDA)
Formaldehy | . .« . . .
with L ] P
25214- . 198.3- Ci3H14Ng[
20-4° benzeenamln 618 8 CAHoNI,
(PMDA) Representative structure
n=0-4

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; DSL, Domestic Substance List
#This CAS RN is a UVCB (unknown or variable composition, complex reaction products, or biological materials)
substance.

2.2 MDls

The MDI substances in the MDI/MDA Substance Grouping will collectively be referred to
as the MDI substances or MDIs. They include three monomeric substances—4,4'-MDI,
2,4'-MDI and 2,2'-MDI (CAS RNs 101-68-8, 2536-05-2, 5873-54-1, respectively)—a
mixture of the monomeric isomers (CAS RN 26447-40-5) and a polymeric UVCB MDI
substance (CAS RN 9016-87-9) (see Table 2-2 for structures or representative
structures of these substances). It is noted that pMDI (CAS RN 9016-87-9) contains
mainly monomeric and oligomeric components, i.e., it is composed of components with
a relatively low number of carbon chains (Yakabe et al. 1999). Given the structural
similarities of the MDI substances, a read-across approach was taken for assessment of
these five substances. For human health and ecological effects assessment,
justification for read-across of the MDI substances is available in Appendix A.

Diisocyanates (i.e., MDIs) are produced by reacting pMDA with the chemical reagent
phosgene. The resultant polymeric diisocyanates (pMDI) are either sold commercially or
are purified to isolate the MDI isomers either individually (i.e., 4,4'-MDI, 2,4'-MDI, or 2,2'-
MDI) or as mixed isomers (i.e., a variable composition of 4,4'-MDI, 2,4'-MDI, and 2,2'-
MDI isomers) (Amini and Lowenkron 2003). The typical composition of pMDI is usually
the same as the corresponding pMDA used to make it. However, all amine groups
would be converted to corresponding isocyanates following the phosgenation. Mixed
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MDI isomers (CAS RN 26447-40-5) may be composed of predominantly 4,4'-MDI and
2,4'-MDI (Bayer Material Science 2005; Yakabe et al. 2000).

The monomeric MDIs in the grouping are typically composed of a small percentage of
residuals or impurities (Allport et al. 2003). Pure 4,4'- MDI typically consists of a
minimum of 95% of 4,4'- MDI with the remaining 2% to 5% made up of residuals or
impurities of 2,4'-MDI and, to a lesser degree, 2,2'-MDI and higher ring homologues
(Allport et al. 2003). It is not expected that minor amounts of isomers with different
substitution patterns (i.e., 2,4'- or 2,2'-) will significantly impact on the overall
environmental fate, behaviour and toxicological properties of “pure” 4,4-MDI. Therefore,
these residuals/impurities will not be considered further in the assessment of 4,4'-MDI.
However, the individual isomers 2,2'-MDI and 2,4-MDI have been included in this
assessment in their “pure” form as there are some reported applications for the use of
these specific isomers individually. As in the case of 4,4'-MDI, residual impurities of
these substances are not expected to significantly impact the overall environmental fate,
behaviour and toxicological properties and therefore will not be considered further in this
screening assessment.

As a result of the industrial need for MDI with different viscosity, functionality and
reactivity or for special property requirements for the final products, modification of
“pure” MDI isomers and polymeric MDI is commonly employed. Modification typically
results in the production of MDI “variants” or “pre-polymers” with reduced isocyanate
content but improved handling properties (Allport et al. 2003). The most important
examples of modified MDIs include MDI dimers (e.g., CAS RN 17589-24-1) and trimers
(e.g., CAS RN 31107-36-5) (Dieterich et al. 1993). In addition, the chemical “blocking” of
MDls is typically done using phenols, caprolactam, B-dicarbonyl compounds such as
ethyl acetoacetate and ethyl malonate, certain alcohols, oximes, and triazoles to form a
thermally weak bond (Dieterich et al. 1993). The isocyanate can be regenerated at
elevated temperatures, and thus modified MDIs may become a source of 4,4'-MDI
under certain conditions. MDI dimers and trimers are chemically different from 4,4'-MDI
and will not form a part of this assessment.

MDI higher (greater than 2) ring homologues (e.g., CAS RN 25686-28-6, 39310-05-9)
may be used commercially on their own, and these substances may share some
structural similarities to the higher ring homologue fraction found in pMDI. However, as
will be discussed later in this screening assessment, the 4,4-MDI component in pMDI is
of greater ecological concern than the higher ring homologue components.

The structural identities of MDI substances included in the MDI/MDA Substance
Grouping are presented in Table 2-2.
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Table 2-2. Identity of MDI substances in the MDI/MDA Substance Grouping
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Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; DSL, Domestic Substance List

#This CAS RN is a UVCB (unknown or variable composition, complex reaction products, or biological materials)

substance.
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3. Physical and Chemical Properties

The details of experimental and modelled physical and chemical properties of
substances in the MDI/MDA Substance Grouping that are relevant to their
environmental fate and ecotoxicity are presented in Appendix B, for MDA substances,
and Appendix C, for MDI substances.

Models based on quantitative structure-activity relationships (QSARSs) were used to
generate data for some of the physical and chemical properties of the substances in the
MDA and MDI subgroups. These models are mainly based on fragment addition
methods, i.e., they sum the contributions of sub-structural fragments of a molecule to
make predictions for a property or endpoint. Most of these models rely on the neutral
form of a chemical as input. Consequently, except where noted, the modelled values
are for the neutral forms of substances.

Purified 4,4'-MDA is a light tan to white crystalline solid with a faint amine-like odour.
4,4'-MDA has a low vapour pressure (less than or equal to 0.01 Pa at room
temperature) (MacNab 1999) and a very low Henry’s law constant (HLC) (less than 10
Pa-m*/mol) (HENRYWIN 2008), according to model calculations. The log Ko of 4,4
MDA was experimentally determined to be low (less than 2). The log Ko has also been
experimentally determined in different soil types and was moderate to high at 3.6 to 4.0
(Cowen et al. 1998). A modelled log Ko value of 3.4 based on the molecular
connectivity index (MCI) method was similar to the empirically determined values.
However, when calculated using log Kow, the modelled log Ko was lower at 1.7 (EPI
Suite 2012). This discrepancy in empirical and modelled log Ko values is likely due to
molecular hydrophobic interactions of MDA that may not be accounted for by the log Koy
method of the KOCWIN (2010) model. Water solubility of 4,4-MDA was determined to
be moderate to high (~1000 mg/L) (Moore 1978; MacNab 1999). Lastly, the pKj, of the
phenyl ammonium ion would suggest that 4,4'-MDA would exist primarily in either the
1+ or 2+ ionized form at a pH lower than approximately 5 (MacNab 1999).

Monomeric substances in the MDI subgroup (CAS RNs 101-68-8, 2536-05-2, 5873-54-
1, 26447-40-5) are generally solid at room temperature and exist as powders and
typically exhibit a low vapour pressure (less than or equal to 0.01 Pa at room
temperature). The log Koy of the MDI monomers has been determined experimentally
by the HPLC method to be moderate to high (~4.5) (Yakabe et al. 2000). However,
since the reactivity of MDI monomers in water is very high, the log Ko, may have low
environmental relevance for MDI substances. No log K., HLC or water solubility values
could be determined for the MDI monomers due to the high reactivity of these
substances with water. Finally, the MDI monomers have high modelled log Ko, values
(~9) (KOAWIN 2008). These substances are expected to react quickly in surface waters
and with water in soil, and no ionization is expected.

pMDA and pMDI are liquid at room temperature as a result of the higher molecular
weight homologues present in these substances. For pMDA, the higher molecular
weight homologue components will have lower vapour pressures, lower HLCs and
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higher log Kow, Koc and Ko, values than the 4,4-MDA monomer. The water solubility for
pMDA was measured to be moderate to high (~360-1500 mg/L), and most components
of pMDA would exist primarily in either the 1+ or n+ ionized form at a pH lower than
approximately 5. Similarly for pMDI, the higher molecular weight homologue
components will have lower vapour pressure and log Ko, values than the purified 4,4'-
MDI monomer. Other parameters (i.e., HLC, log Kow, l0g Koc, water solubility, pKa,) were
not considered practically measurable or environmentally relevant considering the quick
reaction rate of isocyanate groups with water.

4. Sources and Uses

4.1 Sources
4.1.1 MDAs

Methylenediphenyl diamines (MDASs) do not occur naturally in the environment.
According to information collected through a survey conducted pursuant to section 71 of
CEPA (Environment Canada 2012a), there were no reports of manufacture of 4,4'-MDA
(CAS RN 101-77-9) above the reporting threshold of 100 kg in Canada in 2011.
However, notifiers indicated that between 1000 and 10 000 kg of 4,4'-MDA were
imported into Canada in 2011 (Environment Canada 2012a). pMDA (CAS RN 25214-
70-4), which was also included in the survey, was imported in Canada in a range of 100
to 1000 kg for the 2011 reporting year (Environment Canada 2012a).

Releases of MDAs to the environment may result from industrial processes that use
these substances. However, MDAs are primarily used in closed systems, leading to
minimal releases where manufacturing exists. MDAs could result from the degradation
of MDIs released to the environment. Another potential source of MDAs may be the
reductive cleavage of azo dyes (ECJRC 2001).

4.1.2 MDIs

Methylenediphenyl diisocyanates do not occur naturally in the environment. According
to information collected through a survey conducted pursuant to section 71 of CEPA
(Environment Canada 2012a), there were no reports of manufacture above the
reporting threshold of 100 kg for 4,4-MDI (CAS RN 101-68-8), pMDI (CAS RN 9016-87-
9) and mixed MDI (CAS RN 26447-40-5) in 2011. The quantity of MDIs imported into
Canada in 2011 was determined to be in the range of 10 to 100 million kg (Environment
Canada 2012a). The imported quantities of 4,4-MDI (CAS RN 101-68-8) and pMDI
(CAS RN 9016-87-9) were in the range of 10 to 100 million kg each, and the imported
guantity of mixed-MDI (CAS RN 26447-40-5) was in the range of 1 to 10 million kg
(Environment Canada 2012a). There were reports of lower amounts of 2,4-MDI (CAS
RN 5873-54-1) and 2,2"-MDI (CAS RN 2536-05-2) (ranging from 100 000 to 1 000 000
kg and from 100 to 1000 kg, respectively) imported in Canada, indicating that these
isomers may be in commerce both individually and as part of 4,4'- MDI, pMDI or mixed
MDI (Environment Canada 2012a).
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Elsewhere, MDIs have been identified as high production volume (HPV) chemicals by
the HPV programs of the US Environmental Protection Agency and the Organisation for
Economic Cooperation and Development (OECD) (OECD 2003, US EPA 2011).

4.2 Uses
4.2.1 MDAs

Methylenediphenyl diamines are used mainly as intermediates in manufacturing
processes. Globally, over 98% of all pMDA produced is used as an intermediate in the
closed-system production of pMDI and subsequently other MDI isomers (NTP 2011;
Amini and Lowenkron 2003; ECJRC 2001). Less than 2% of MDAs are used as other
chemical intermediates and curing agents in the production of high-performance
polymers and polyurethane elastomers, foams, coatings, adhesives and resins (NTP
2011; ECJRC 2001). MDAs are used as analytical reagents for metal and sulphate
analysis, as corrosion inhibitors and antioxidants, as finishing agents for welding and as
curative agents in rubber (NTP 2011). They can also be used as intermediates in the
production of azo dyes. In the United States, MDAs are used as cross-linking agents in
epoxy resins (NTP 2011). The US Food and Drug Administration approved the use of
epoxy resins to coat large-capacity containers (greater than 1000 gallons) intended for
repeated use of beverages having an alcohol content of 8% (NTP 2011).

In Canada, information on consumer and industrial uses of MDAs was reported in
response to a survey under section 71 of CEPA (Environment Canada 2012a). 4,4'-
MDA is blended into a product used as a catalyst for industrial processes, and pMDA is
blended into a product used for coating machinery. Information identified through this
survey does not list uses in consumer products that would result in exposure to the
general population (Environment Canada 2012a). In addition, 4,4'-MDA was reported to
be used as an intermediate congener in the production of azo dyes, specifically Cartasol
Yellow and benzidine-based acid dyes (Environment Canada 2012a).

In Canada, MDAs are not listed in the Drug Products Database (DPD) or the
Therapeutic Product Directorate’s internal Non-Medicinal Ingredients Database as a
medicinal or non-medicinal ingredient in pharmaceutical products or veterinary drugs
(DPD 2010; 2011 e-mails from the Therapeutic Products Directorate, Health Canada, to
the Risk Management Bureau, Health Canada; unreferenced). Nor are they listed in the
Natural Health Products Ingredients Database (NHPID) (NHPID 2013) as ingredients of
natural health products or in the Licensed Natural Health Products Database (LNHPD)
as being present in currently licensed natural health products (LNHPD 2013). No
agricultural products or pesticides containing 4,4-MDA have been identified by the
Pesticide Management Regulatory Agency (PMRA) (2013 emails from PMRA, Health
Canada, to the Risk Management Bureau, Health Canada; unreferenced). MDAs are
not listed in the Lists of Permitted Food Additives as an approved food additive under
the Food and Drugs Act (Canada 1978) and associated Marketing Authorizations. On
the basis of notifications submitted under the Cosmetic Regulations to Health Canada, it
is not expected that MDASs are used in cosmetics in Canada (2013 emails from the
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Consumer Product Safety Directorate, Health Canada, to the Existing Substances Risk
Assessment Bureau, Health Canada; unreferenced).

4.2.2 MDIs

MDIs are generally widely used in the production of polyurethanes and as adhesives in
the production of engineered wood products. MDIs are increasingly replacing toluene
diisocyanates (TDIs) in the production of flexible and rigid foams, particle board and
wood binders, paints and coatings, adhesives, sealants, elastomers, casting materials
and spandex fibres (ECJRC 2005; US EPA 2011; Bjorkner et al. 2001; Methner et al.
2010). MDls are increasingly being used as a replacement to formaldehyde as a resin
binder in the manufacture of oriented strand board products (Environment Canada
2012a).

In the case of flexible foam, MDIs are reacted with polyetherols or polyesterols in
industrial settings to form flexible slabstock or moulded parts, which are then used to
manufacture furniture, such as sofas and mattresses, automotive foam cushions,
flooring underlay, and other packaging foam (ECJRC 2005; Hoffman and Schupp
2009).

Rigid polyurethane foam and polyurethane CASE (coatings, adhesives, sealants and
elastomers) are also made from MDIs, which are then used in construction,
transportation, machinery, packaging and furniture sectors (ECJRC 2005).
Manufactured items represent a large commercial use of MDIs. These types of products
also exist in the form of do-it-yourself (DIY) products used by consumers for home
improvement projects, i.e., products in which MDIs are reacted with polyols to form rigid
foam or CASE upon application, such as sealant around windows or doors, insulation
inside walls or floor adhesive (ECJRC 2005).

Textiles and sports tracks are also minor uses of polyurethanes made from MDIs (Booth
et al. 2009; Bjorkner et al. 2001).

In Canada, both industrial and consumer uses of MDIs were reported in a survey
conducted under section 71 of CEPA (Environment Canada 2012a). Between 10 and
100 million kg were reported for use in Canada, a fraction of which was available for
consumer use (Environment Canada 2012a).

In Canada, MDIs were reported to be used in the manufacturing of polyurethane flexible
and rigid foam and CASE, which are then used in other sectors, such as furniture,
construction, and automotive (Environment Canada 2012a). Other manufactured items,
such as oriented strand board, particle board and other wood products, are produced in
Canada for further use in construction (Environment Canada 2012a). Several Canadian
industrial sites use pMDI and MDI for engineered wood products, often in conjunction, in
combined quantities ranging from 400 000 to close to 6 000 000 kg/year per site
(Environment Canada 2012a). MDIs are also used in casting materials by professionals
for medical purposes (MSDS 2010, 2011). In addition, manufactured items containing
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MDI substances (such as flexible packaging laminate) are imported for use
(Environment Canada 2012a).

Information on consumer products collected from the public domain via Canadian retail
outlets and websites was also considered in this report. Consumer product uses include
several DIY products, such as adhesives, insulating foam and sealants (HPD 2013;
HSDB 1983-2003).

The MDIs in this grouping are not listed as approved food additives in the Lists of
Permitted Food Additives incorporated by reference into the Marketing Authorizations
for food additives, issued under the Food and Drugs Act (Canada 1985). A section 71
submission listed MDIs as a component of adhesives used in commercially available
food packaging (Environment Canada 2012a), but indicated that migration into food is
not expected. MDIs are also used in the manufacture of one polyurethane yarn, which
may be used in food packaging applications in Canada (2012 emails from the Food
Directorate, Health Canada, to the Risk Management Bureau, Health Canada;
unreferenced).

In Canada, the MDIs in this grouping are not listed in the DPD or the Therapeutic
Products Directorate’s internal Non-Medicinal Ingredients Database as a medicinal or
non-medicinal ingredient in pharmaceutical products or veterinary drugs (DPD 2010;
2011 e-mails from the Therapeutic Products Directorate, Health Canada, to the Risk
Management Bureau, Health Canada; unreferenced). Nor are they listed in the NHPID
as ingredients of natural health products or in the LNHPD as being present in currently
licensed natural health products (NHPID 2013; LNHPD 2013). On the basis of
notifications submitted under the Cosmetic Regulations to Health Canada, it is not
expected that MDI substances are used in cosmetics in Canada (2013 emails from the
Consumer Product Safety Directorate, Health Canada, to the Existing Substances Risk
Assessment Bureau, Health Canada; unreferenced). No agricultural products or
pesticides containing MDI substances have been identified by the Pesticide
Management Regulatory Agency (PMRA) (2013 emails from PMRA, Health Canada, to
Risk Management Bureau, Health Canada; unreferenced).

5. Releases to the Environment

Anthropogenic releases of a substance to the environment depend on various losses
that occur during the manufacture, industrial use, consumer/commercial use and
disposal of a substance. In order to estimate potential releases to the environment
occurring at different stages of the life cycle of a substance, Environment and Climate
Change Canada compiles information on the relevant sectors and product lines, as well
as emission factors? to wastewater, land and air at different life-cycle stages in order to

% An emission factor is generally expressed as the fraction of a substance released to a given medium,
such as wastewater, land or air, during a life-cycle stage, such as manufacture, processing, industrial
application or commercial/consumer use. Sources of emission factors include emission scenario
documents developed under the auspices of the Organisation for Economic Co-operation and
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identify the life-cycle stages that are the largest contributors to environmental
concentrations. Recycling activities and transfer to waste disposal sites (landfill,
incineration) were also considered.

This information is used to further develop exposure characterization scenarios to
estimate resulting environmental concentrations.

Releases of MDA and MDI substances in the grouping are discussed in the following
two sections. Summaries of releases of MDI/MDA substances in the grouping from
industrial activities and consumer or commercial uses are also provided. End-of-life
disposal is discussed collectively for MDA and MDI substances since conversion of MDI
substances to MDA can be expected.

5.1 Releases of MDA Substances

4,4'-MDA is on the list of reportable substances under the National Pollutant Release
Inventory (NPRI), but no releases were reported for the years 2008 to 2013 (NPRI
1995a). pMDA is not on the NPRI list (NPRI 1995b). No monitoring data for releases of
MDAs in Canada were found.

Given the low quantities of this substance in commerce in Canada (Environment
Canada 2012a), releases to the environment as a result of industrial uses are expected
to be negligible. One form of 4,4'-MDA is imported into Canada to be formulated into a
product for industrial use in Canada. At the end of the life cycle, the consumed
formulation is disposed of at a hazardous materials facility because of the presence of
other hazardous materials. Information received from the section 71 survey suggests
that 4,4-MDA is not expected to be present in industrial or consumer products
(Environment Canada 2012a).

5.2 Releases of MDI Substances
5.2.1 Releases of MDI substances from industrial activities

Releases of pMDI and 4,4'-MDI to air as well as total on-site releases were reported for
the years 2008 to 2013 (NPRI 1995c). The NPRI summary of releases of 4,4-MDI to air
from industrial facilities in Canada for 2013 was 3.4 tonnes, with total on-site releases of
6.7 tonnes (NPRI 1995c¢). Reported releases to air for 4,4-MDI were 14, 15, 4.8, 1.5,3
and 1.4 tonnes for the years 2008, 2009, 2010, 2011, and 2012 respectively (NPRI
1995c). Total on-site releases of 4,4-MDI for those years were the same (no additional
release to land or surface water) (NPRI 1995c). The NPRI summary of releases of pMDI
to air from industrial facilities in Canada for 2013 was 0.13 tonnes, with total on-site
releases of 1.8 tonnes (NPRI 1995c). For previous years, reported pMDI releases to air

Development (OECD), data reported to Environment and Climate Change Canada’s National Pollutant
Release Inventory, industry-generated data, etc.

® This release quantity provided for 2011 is only an estimate because of a potential reporting error that is
currently under review.
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were 8, 4.6, 1.5, 0.3, and 0.3 tonnes for 2008, 2009, 2010, 2011, and 2012 respectively
(NPRI 1995c). Corresponding total on-site releases for pMDI were the same (no
additional release to land or surface water). No releases to surface water were reported
during any of the NPRI reporting periods for either 4,4'-MDI or pMDI. According to
information received from Canadian industry, MDI substances are not manufactured or
formulated in Canada (Environment Canada 2012a). Loss estimates indicate that
substances in the MDI subgroup have a potential for release to the environment,
primarily to air during industrial use, such as the production of engineered wood and
polyurethane products.

According to international monitoring data (see section 5.3 Measured Environmental
Concentrations) and information submitted to Environment Canada (2012a), oriented
strand board (OSB) facilities are considered to have higher releases than any other
types of facilities using MDIs in terms of quantity of substance used and associated
proportional release.

In OSB facilities, MDIs (formulated in products) are added to wood chips to provide
wood adhesion. The blended material is then pressed and heated to make thermoset
oriented strand board. The products are then trimmed, sawed and painted (US EPA
2002). Trim and sanderdust from finished OSB panels are often used as fuel for burners
(NCASI 2012). According to NCASI (2012), some unreacted MDI may be present in the
trim or sanderdust. However, emission factors provided by NCASI (2012) do not
indicate significant potential of release when trim is burned. Potential for release of MDI
substances can occur between the addition of the resin to wood chips at the mixing
stage and thermosetting in the OSB press. Once cured, MDI substances no longer exist
as such. Process water is not released from the press, but MDI can be emitted to air.
According to NCASI (2012), the highest release from a single facility in Canada is 920
kg MDl/year, resulting from the production of 300 million square feet of OSB per year,
which should require 3 450 000 kg (3450 tonnes) of MDI. From that information, an
emission factor for MDI releases to air has been estimated at 0.027%; it represents a
conservative emission factor.

According to industry information and literature, MDI substances can also be emitted to
air during the production of foam or adhesive application. However, this is expected to
be in amounts below those emitted from OSB facilities (Environment Canada 2012a;
ACC 2012a). Monitoring data and emission reporting guidelines indicate that releases to
air from these types of industrial production are an order of magnitude lower than
releases from OSB manufacturing (Allport et al. 2003; Acton 2001; ACC 2012a). MDI is
also used for the formulation of adhesives and in the application of adhesives by
industries or other users. However, according to information received from industry, the
typical method of application of adhesives containing MDI is not clearly understood
(Environment Canada 2012a). Nonetheless, the potential for releases to air during
industrial application of adhesives can be assumed to be negligible given that the
vapour pressure of the chemical is less than 0.13 Pa (OECD 2011).
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Quantities of MDIs released to air from industrial sources may further contribute to
deposition to soil and/or surface waters in the surrounding area.

5.2.2 Releases of MDI substances from consumer / commercial uses

Two major types of products are made with MDI: OSB and flexible or rigid polyurethane
(PU) foam products. The known industrial function of MDI is to react as a chemical
intermediate to allow the formation of polyurethane. On the basis of industry information
(Environment Canada 2012a), it is assumed that MDI substances will react almost
entirely during the curing process. Therefore, OSB and polyurethane products should
contain no residual MDI or, if any, only very low concentrations.

Theoretically, releases of MDI to air from OSB products are possible, but migration of
any residual MDI in the solid matrix of the material is assumed to be difficult.
Additionally, many of these products are designed for indoor use or will be protected
from weathering agents, so releases to water are not expected (Environment Canada
2012a).

5.2.3 Releases of MDA and MDI substances from end-of-life disposal

Because of the nature of the products and materials containing MDI substances, high
guantities of such materials and products that were formed using MDI substances as a
starting material are disposed of in landfills. Understanding that polyurethane foam will
be largely disposed of in landfills at the end of the life cycle, Brown (unreferenced) (as
described by DeGaspari [1999]), assessed the potential degradation of polyurethane
foam in landfill conditions. After 700 days in landfill conditions, no evidence of release of
MDA or biodegradation from MDI-based foam products was observed. MDA was not
detectable in landfill leachate. According to DeGaspari (1999) and Brown
(unreferenced), standard polyurethane foams are essentially inert under landfill
conditions and would not be expected to release aromatic amine into the environment.
A report prepared for Environment Canada also concludes that MDIs and MDA are
unlikely to be found in landfill leachate (CRA 2012).

5.2.4 Releases of MDI substances from environmental spills

In Canada, two environmental spills of MDIs have been documented in the past several
years, in 1999 and 2001. These spills were minor to moderate in nature. In one case,
approximately 200 litres of MDIs spilled onto the ground as a result of a container leak
during transportation in Ontario, and the substance was contained onsite. The other spill
occurred in British Columbia as a result of improper disposal, into a dumpster, of
containers holding approximately 160 litres of 4,4'-MDI, resulting in some of the
substance leaking out into the dumpster and onto the ground. In both cases, the spills
were contained and did not result in contamination of any aquatic systems.

15



Screening Assessment MDI/MDA Substance Grouping

5.3 Measured Environmental Concentrations

Environmental monitoring data for MDA and MDI substances in the grouping were not
available for locations in Canada. However, 4,4'-MDA and certain MDIs have been
detected elsewhere. Available environmental concentrations and relevant details of
sampling methods in Europe, the United States, and Japan are summarized below.
Certain MDIs were measured in air near source locations (Ecoff and Lambach 2012),
and MDAs were measured in surface waters (CHRIP 2008; Environment Agency of
Japan 2000), wastewater effluent discharged directly to surface waters (OECD 2002),
and sediment (CHRIP 2008). Environmental concentrations of neither MDAs nor MDIs
in the grouping were available for soil samples. Appendix D provides lists of sampling
locations and detected concentrations of MDA and MDI substances.

5.3.1 Air

Atmospheric concentrations of 4,4-MDA, associated with substance releases in Europe,
were reported to be negligible in the OECD Screening Information Data Set (SIDS) for
4,4'-Methylenedianiline (CAS RN 101-77-9) (OECD 2002). Details regarding sampling
procedures and geographical locations were not provided.

Monomeric MDIs and 3-ring MDI species have been detected in the air at a variety of
near-source locations, including near commercial spray polyurethane foam (SPF)
installations and OSB manufacturing facilities. Although filters impregnated with a
derivatization reagent or impingers containing derivatization reagents have been used
for the collection of MDI species, including the aerosol fraction, aerosol particles of less
than 2 um are not efficiently collected by an impinger, and MDI species present in large
particles are not efficiently derivatized when collected on filters impregnated with
derivatization reagent (Streicher et al. 1994). Therefore, the use of sampling methods
capable of collection in both vapour phase and in aerosol would avoid underestimation
of the total concentrations present.

Air concentrations for “free MDI” and, in some cases, higher ring (3+) oligomers from
pMDI typically measured using impingers and/or filters from various industrial and
commercial sites in the United States and Europe have been reported in peer-reviewed
literature, technical reports, and conference proceedings, most of which were
summarized in Allport et al. (2003). Concentrations of MDI from foam manufacturing,
foam moulding manufacturing, flame lamination, and forest products manufacturers
(OSB, fibreboard) ranged from less than 0.1 pg/m? to greater than 1000 pg/m? in
stack/vent emissions with no abatement technologies in place (see Appendix D, Table
D-1 for specific values for each type of facility sampled). Area monitoring samples were
taken using combined impinger and filter samplers at 25 feet left, right and behind the
application and then again at 50 feet downwind of the application at four SPF work sites
(Ecoff and Lambach 2012). MDI monomers (2,4'- and 4,4'-MDI only) were detected in
11 of 18 area samples from the four sites at 25 feet at total concentrations of 1.0 to 23.9
ng/m?® with an average concentration of 9.5 pg/m? (higher oligomers were only detected
in 4 of 18 samples at 25 feet). At 50 feet downwind of the application site, detectable
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MDI monomer concentrations were found at two of three work sites at 1.0 to 3.9 pg/m?®
(no higher oligomers were detected at this distance).

5.3.2 Water

In a survey of several commercially relevant chemical substances by the Environment
Agency of Japan, 4,4'-MDA was monitored in samples taken from various surface
waters (collected from sea, lake, marsh, and river locations around Japan) between
1985 and 2008, with a general increase in concentration seen with time (CHRIP 2008;
Environment Agency Japan 2000). The monitored sampling locations were selected to
best investigate persistence of the chemical in the environment, and locations where the
surveyed chemical substances would likely be released (e.g., wastewater treatment
plant outfall or industrial facilities where import or manufacture was known) were
purposely avoided. Therefore, this survey does not consider near field locations, and it
is noted that results of the survey do not reflect potential near field MDA concentrations.

4,4'-MDA was not detected in Japanese surface water samples collected in 1985, 1995
or 1998 (CHRIP 2008). In the surface water samples taken from 28 sampling locations
around Japan in 2008, 11 sites showed detectable concentrations of 4,4-MDA, ranging
from the detection limit of 0.001 pg/L up to 0.016 pg/L (CHRIP 2008). For 1989, it was
reported that 4,4'-MDA was detected in one sampling location out of 24 at a very low
concentration of 0.00001 to 0.0001 ug/L (CHRIP 2008). Given that this concentration is
about 100 fold lower than the detection limit available in 2008, these measurements are
likely not reliable. Available data for surface waters and wastewater are tabulated in
Appendix D, Table D-2.

In Europe, industry monitoring data from wastewater treatment plants indicated levels of
4,4'-MDA of less than 500 pg/L (OECD 2002; personal communication, email from
German Federal Environment Agency to Environment Canada, dated January 8, 2013;
unreferenced). This information was summarized in the OECD SIDS for 4,4'-
Methylenedianiline (OECD 2002); however, individual data points as well as sampling
locations were not available.

Because of their fast hydrolysis rate, MDI substances in the MDI/MDA Substance
Grouping are not expected to be found in the aquatic environment.
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5.3.3 Soil

Soil concentrations of 4,4'-MDA were reported to be negligible in the OECD SIDS for
4,4'-Methylenedianiline (OECD 2002). Details regarding sampling procedures and
locations were not provided.

Soil concentrations of MDI substances in the MDI/MDA Substance Grouping were not
identified. However, it is expected that MDI substances would undergo hydrolysis on
contact with any moisture present in soil and consequently would not build up to
significant concentrations in this environmental compartment.

5.3.4 Sediments

As with the surface water monitoring mentioned previously, sediments were also
monitored for commercially relevant chemicals by the Environment Agency of Japan
between 1985 and 1998. Sediment sampling locations were chosen on the basis of the
same criteria as for surface waters, i.e., locations where chemicals were known to be
released were avoided.

Concentrations of 4,4-MDA were reported in bottom sediments collected from several
locations around Japan (CHRIP 2008). Levels of 4,4'-MDA ranged from the detection
limit of 0.02 pg/g dw to 2.1 pg/g dw in 1998 (in 15 out of 33 sampling locations) and
from 0.036 to 0.88 pg/g dw in 1995 (in 6 out of 23 sampling locations) (CHRIP 2008).
Data available for sediments is listed in Appendix D (Table D-3).

Given that MDIs are unlikely to build up to significant concentrations in water because of
their rapid hydrolysis rates, concentrations in sediments are expected to be negligible.

6. Environmental Fate

6.1 Environmental Distribution
6.1.1 MDAs

Level Il fugacity modelling (New EQC 2011) simulates the distribution of a substance in
a hypothetical, evaluative environment known as the “unit world”. The EQC model
simulates the environmental distribution of a chemical at a regional scale (i.e., 100 000
km?) and outputs the fraction of the total mass in each compartment from an emission
into the unit world and the resulting concentration in each compartment. Environment
and Climate Change Canada uses only the mass-fraction distribution results for general
information on environmental fate of a substance and generally does not use the
compartmental concentration results for the predicted environmental concentration
(PEC) in a substance assessment. Some exceptions to this may occur, e.g., when a
wide dispersive release of a substance suggests that regional scale concentrations are
appropriate for the PEC(S).

The mass-fraction distribution of 4,4'-MDA and components of pMDA is given in Table
6-1 using individual steady-state emissions to air, water and soil. The level Il EQC
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model assumes non-equilibrium conditions between environmental compartments, but
equilibrium within compartments. The results in Table 6-1 represent the net effect of
chemical partitioning, inter-media transport, and loss by both advection (out of the
modelled region) and degradation/transformation processes.

The results of Level Il fugacity modelling suggest that 4,4'-MDA is expected to
predominantly reside in soil (as a result of deposition from air or because of input
directly to soil), water or sediment, while the higher oligomers will predominantly reside
in soil or sediment, with only minor amounts in water depending on the compartment of
release in each case.

Table 6-1. Summary of the Level lll fugacity modelling (New EQC 2011) for 4,4'-
MDA and components of pMDA indicating the percentage of substance or
substance component partitioning into each compartment

Table 6-1A. 4,4-MDA

Substance released to: Air Water Soil Sediment
Air (100%) 0.0 1.7-2.5 96.7-97.7 0.6-0.8
Water (100%) 0.0 71.3-76.7 0.0 23.3-28.7
Soil (100%) 0.0 0.2 99.7-99.8 0.0-0.1

Model inputs: half-lives in water, soil and sediment of 2400-4368, 2400-4368 and 9600-17 472 hours, respectively,
and log Ko of 3.7 (average of the range of values presented in Appendix B).

Table 6-1B. 3-ring MDA

Substance released to: Air Water Soil Sediment
Air (100%) 0.0 0.8 88.0 11.2
Water (100%) 0.0 6.5 0.0 93.5
Soil (100%) 0.0 0.0 99.9 0.1

Model inputs: half-lives in water, soil and sediment of 4368, 4368 and 17 472 hours, respectively, and log Ko of 5.3
(value presented in Appendix B).

Table 6-1C. 4- and 5-ring MDA

Substance released to: Air Water Soil Sediment
Air (100%) 0.0-0.4 0.3 80.9-81.3 18.4
Water (100%) 0.0 1.6 0.0 98.4
Soil (100%) 0.0 0.0 99.9 0.1

Model inputs: half-lives in water, soil and sediment of 4368, 4368 and 17 472 hours, respectively, and log Ky of 7.4
(4-ring MDA) and log Koc of 9.4 (5-ring MDA) (value presented in Appendix B).

Given the low vapour pressure and relatively high rate of atmospheric degradation
expected for 4,4-MDA and higher pMDA oligomers (3, 4 and 5-ring MDAS), it is
expected that neither 4,4'-MDA nor pMDA will be present in significant amounts in the
atmosphere (less than 1% predicted by the New EQC model [2011]). In a test
atmosphere generated by vaporization of epoxy resin containing 4,4-MDA hardener, no
difference in the sample collection efficiency for 4,4'-MDA was observed when sulphuric
acid-coated glass-fibre filters and simple Teflon filters were used, indicating that 4,4'-
MDA exists primarily as an aerosol in the atmosphere and would thus likely be removed

19



Screening Assessment MDI/MDA Substance Grouping

from the atmosphere by rain/snow scavenging and dry deposition (Gunderson and
Anderson 1988; Bidleman 1988).

Amines including aniline have been determined to form covalent bonds with quinone
groups in humic substances (Thorn et al. 1996) typically present in soil and sediment.
Furthermore, Cowen et al. (1998) showed that 4,4'-MDA is sorbed to soils slightly more
strongly under aerobic than anaerobic conditions. High log Ko values of 3.6 to 3.8 for
4,4'-MDA and very high values of 5.3 to 9.4 for pMDA oligomers suggested that MDA
substances would tend to readily partition to organic material in sediment and soil. This
trend was also predicted by EQC modelling (New EQC 2011). The environmental
monitoring data from Japan described earlier in this report (CHRIP 2008) indicated
detection of 4,4'-MDA in both water and sediment samples from several locations. This
monitoring data supports the EQC model prediction that releases to water will likely
result in some partitioning to sediment, with some 4,4'-MDA remaining in the water. The
results from a study on aerobic and anaerobic transformation in aquatic sediment
systems (OECD 308) with 4,4-MDA suggest that most (54 to 90%) 4,4'-MDA will remain
bound to sediment (particularly in an aerobic environment where quinone groups are
abundant) (Schaefer and Ponizovsky 2013). Covalent binding of 4,4-MDA to humic
substances would not be predicted by EQC modeling, and thus the model results are
likely an underprediction of the true partitioning of 4,4-MDA to sediments.

Given their low vapour pressure and moderate to high K, values, when released to air,
4,4'-MDA and pMDA are expected to deposit mainly to soil, where they are expected to
be immobile and, to a small degree, to partition to water and then to sediment. Similarly,
when released directly to soil, MDA substances will predominantly remain in this
compartment as predicted by the EQC model (see Table 6-1). The Transport and
Persistence Level Il Model (TaPL3) (TaPL3 2000) and OECD POPs Screening Tool
version 2.2 (OPST) (Scheringer et al. 2009) were used to estimate the characteristic
travel distance (CTD) in air of 4,4-MDA and pMDA (on the basis of its components).
The CTD calculated in air for 4,4'-MDA, 3-ring, 4-ring and 5-ring pMDA oligomers
ranged from 2 to 110 km using TaPL3, and 5 to 250 km using the OPST model.
Therefore, both models suggest that 4,4-MDA and pMDA are unlikely to be subject to
long-range transport in air.

6.1.2 MDlIs

Isocyanate groups generally exhibit high reactive rates with active hydrogen compounds
such as amines and hydroxyl groups (particularly isocyanate groups in the para
position, such as 4,4'-MDI, which are subject to less steric hindrance than those in the
ortho position, such as in the 2,2"- and 2,4"- isomers) (Arnold et al. 1956). Thus, the fate
and behaviour of substances in the MDI subgroup will be highly affected by their
reactivity in environmental media, and properties such as water solubility, water-based
partition coefficients (i.e., HLC, Ky and Kyc), and pK, are of no real value and usually
cannot be determined accurately. As a result, Level Il fugacity modelling (New EQC
2011) was not performed for the MDI subgroup.
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MDI isomers, particularly the oligomeric components, are hydrophobic and poorly
soluble in water. The heterogeneous reaction with water may therefore be somewhat
slower than for the related phenolic isocyanate substances (TDIs) assessed in Batch 1
of the Challenge Initiative (Environment Canada, Health Canada 2008a). However,
Sendijarevic et al. (2004) found that although the reaction for pMDI with water appeared
to proceed more slowly than that of TDI, after 7 days of stirring (300 rpm) of up to

50 000 mg of TDI and pMDI (in separate containers) per 1 litre of water at room
temperature, the isocyanate content was measured as greater than 8% for TDI and only
0.53% for pMDI. Nevertheless, the major product of such a reaction is typically
polyurea, which tends to form quickly, starting on the outside and forming a crust that
may restrict ingress of water and egress of amines (e.g., MDA) (Gilbert 1988; Heimbach
et al. 1996; Brochhagen and Grieveson 1984). Under a very dispersed entry into the
environment, it would be expected that polyureas could also be formed, along with
residual amounts of corresponding amines (e.g., 4,4-MDI would yield some residual
4,4'-MDA). Heimbach et al. (1996) added pMDI (consisting of 45% of the monomer 4,4'-
MDI) to two small artificial ponds (mesocosms of standing freshwater systems) for over
100 days at high concentrations of 1000 mg/L (1 g/L) and 10 000 mg/L (10 g/L),
representative of a spill situation. They found that the pMDI reacted to form polyurea
and that no MDI or MDA monomers were detected in pond water (detection limits [DLs]
ranged from 4 to 10 ug/L) or fish (DLs were less than 0.5 mg/kg for MDI and less than
1.4 mg/kg for MDA). In a similar study (Heimbach 1993), pMDI was also found to
degrade relatively quickly in sediments of the artificial ponds, with a half-life of up to 80
days (ECJRC 2005). Yakabe et al. (1999) determined that hydrolysis of pMDI
(comprised of 55% of MDI monomer) resulted in formation of 4,4'-MDA at
concentrations of 1.9, 2.0, and 2.5 mg/L for pMDI loadings of 400, 1000, and 10 000
mg/L (0.4, 1.0 and 10 g/L). This suggests that residual amounts of MDA may be formed
at a yield of less than 1% at these high concentrations of pMDI. Therefore, in the
Heimbach et al. (1996) mesocosm study, residual MDA may have also formed and
partitioned to the sediment compartment or was present below the detection limit in
water. It is noted that the hydrolysis reaction rates of MDI, as well as the relative
proportions of reaction products, may vary with experimental conditions including the
MDI starting concentrations. It is possible that lower starting concentrations of MDI
might actually result in higher yields of residual MDA because the polymerization
reaction to form polyurea would then proceed less efficiently.

Heimbach et al. (1996) also reported that sediment extraction for MDA analysis was
conducted, but these results were not provided. It is important to also note that at
aquatic temperatures of less than 10°C, pMDI solidifies and forms crystals, and this may
significantly affect the dispersion and its subsequent breakdown through the hydrolysis
reaction. However, this effect would be more important under relatively high
concentration releases.

If released to soll, it is expected that MDI substances will react with moisture present
and form polyurea solids. Furthermore, it would be expected that if any residual amines
were formed in the reaction they would remain immobile in the soil compartment as
discussed in the fate section for MDA. No studies with MDI in soils were found, but the
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results of experiments with TDI in undisturbed wet sand showed that this substance is
converted to polyureas where, after 24 hours, 5.5% of the original TDI was unreacted,
and after 8 days only 3.5% remained, while no toluene diamine (TDA) was found above
the detection limit of 0.01 ppm (Gilbert 1988).

In summary, when released to water or soil, it is expected that MDI substances will
react to form polyureas with residual amounts of MDA (see previous section for fate of
the MDA subgroup substances including 4,4'-MDA and components of pMDA).

Because of their relatively low vapour pressures (less than or equal to 0.01 Pa, see
Appendix C), atmospheric emissions of MDI substances may be minimal in the absence
of significant thermal sources or aerosol formation during spraying. Airborne MDI
substances are usually present (albeit in relatively small amounts) in both vapour and
condensation aerosol phases (Karoly et al. 2004). In experiments involving monomeric
TDI, which in general hydrolyzes more readily than MDI in water, no evidence of gas-
phase reaction with water vapour in a test atmosphere (7% to 70% relative humidity
[RH]) was found and no TDA or ureas were detected (Holdren et al. 1984). The
detection limit for TDA analysis was approximately 0.1% to 1% of the atmospheric
concentration of TDI (0.05 to 0.6 ppm). However, it should be noted that during one
series of experiments, TDA was observed at a conversion level of 0.1%. Although this
may be an artefact, it cannot be ruled out that this result may suggest that a very low
conversion of TDI to TDA may occur in the atmosphere under certain conditions. Duff
(1985) ran a series of experiments to assess the importance of various atmospheric
degradation mechanisms (i.e., photolytic, OH radical, O3, other potential catalysts
present in TDI emissions) at 28°C and 60% RH and no TDA was measured in any
experiment above the detection limit, which would have measured a >0.05% conversion
rate of TDI to TDA. However, in the presence of condensed phases (e.g., rain drops,
fog or clouds), it would be expected that TDI and MDI may react to form polyurea and a
TDA and MDA residual, respectively (as in Yakabe et al. 1999), and then may be
transported with the condensed phase or be deposited to soil or surface waters.

When MDI substances are released to air, given their relatively short half-life in this
medium (13 hours for 4,4'-MDI; Becker et al. 1988), their low vapour pressure, and their
tendency to form aerosols, it is expected that they will condense onto adjacent
materials, including facility structures/equipment and nearby soil and surface waters.
Concentrations of monomeric MDI have been monitored in Europe and the United
States in emissions from vents and stacks and in a few cases in ambient outdoor air at
certain industrial facilities (e.g., manufacturing facilities of foam, OSB) and commercial
locations (e.g., SPF applications) with levels ranging from less than 0.1 to 1320 ug/m?®
(see Appendix D for all data).

6.2 Environmental Persistence

This section summarizes available information separately for MDA and MDI substances.
Within these sections, information is presented in subsections on the basis of
environmental compartment, addressing reactions that occur in the atmosphere, water
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and solid media, including sludge and soil. In particular, the water compartment
subsection includes discussion of the hydrolysis reaction and of the available inherent
and ready biodegradation studies performed according to the accepted OECD or MITI
(Japanese Ministry of International Trade and Industry) protocols and featuring water as
the test medium in the experimental design. Modelled data is also presented for MDA
substances and provides an additional consideration for the biodegradation potential of
these substances.

6.2.1 MDAs

It is noted that degradation tests tend to be conducted using the monomer 4,4'-MDA,
which is the major component of pMDA. The composition of pMDA has been reported
as a mixture of approximately 50% 4,4'-MDA with a small amount of 2,4-MDA and the
remainder comprising oligomers (Cowen et al. 1998). Generally, the position of amino
groups on the carbon rings of the MDA isomers, 4,4'-MDA and 2,4'-MDA may influence
the overall reactivity of pMDA because of the steric hindrance and electronic effects.
Some differences in reactivity can also be expected between pMDA oligomers and the
monomer 4,4'-MDA. Nonetheless, empirical degradation results for 4,4-MDA can be
considered relevant to pMDA. In addition, it is noted that the generic term MDA is often
used in literature to refer to the industrial mixture pMDA.

6.2.1.1 In the atmosphere

The reaction of OH radicals with vaporized 4,4'-MDA in simulated atmospheric
conditions was studied by Becker et al. (1988). The rate constant of 30 (+/- 10) x10™*?
cm®molecule-second was determined for 4,4-MDA. Assuming a mean tropospheric
hydroxyl radical concentration of 1x I0° OH-/cm?, the half-life for 4,4'-MDA was
established as 6.4 hours. This half-life suggests a relatively rapid degradation of 4,4'-
MDA in air.

6.2.1.2 In water
Hydrolysis

MDA is not expected to undergo hydrolysis reaction under environmental conditions
given the characteristics of its molecular structure (see Table 2-1). Studies pertaining to
hydrolysis of MDA were not identified in the published literature. Moreover, modelled
data for hydrolysis could not be obtained for MDA since the model that was typically
used, i.e., EPI Suite (2012), does not generate hydrolysis results for this type of
chemical structure.

Ready and inherent biodegradation studies

Ready and inherent biodegradation studies have been conducted for 4,4-MDA (Study
Submission 2012a—d; Kim et al. 2002).
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In general, ready biodegradability tests include the modified OECD screening tests, CO,
evolution test, manometric respirometry test, DOC die-away test, closed bottle test, and
the MITI(I) test. They measure mineralization over a 28-day period using a low
concentration of activated sludge as an inoculum and a high concentration of the test
compound (2 to 100 mg/L). Inherent biodegradability tests include the Zahn-Wellens
test, SCAS test, and MITI(ll) test and are typically run with high microbial population
densities, also using activated sludge inoculum. In general, a substance is considered
to be readily biodegradable (i.e., undergo ultimate biodegradation) if at least 60%
biodegradation has occurred in 28 days in a ready biodegradation test and to be
inherently biodegradable if 70% or more has occurred in 28 days in an inherent test
(Aronson and Howard 1999). Biodegradation above 20% may be regarded as evidence
of inherent, primary biodegradability (Environment Canada 2009).

Experimental conditions, including concentrations of both the test substance and
inoculum, as well as inoculum composition and degree of inoculum acclimation, varied
between the available tests. These differences in experimental design and conditions
produced a range of biodegradation results. However, overall the results from the
available ready and inherent biodegradation tests for 4,4-MDA indicate that this
substance exhibits intermediate biodegradation rates with a large range in degradation
results observed in the empirical data. On the basis of the results of a test performed
following OECD test guideline 209 (Activated Sludge Respiration Inhibition Test), both
the ECp and ECs for activated sludge were listed as greater than 100 mg/L of 4,4-MDA
(Caspers et al. 1986). Similarly, in a chronic 10-day study testing the growth rate in

E. coli, a no observed effect concentration (NOEC) of greater than 100 mg/L was
established, and no significant effect on growth of E. coli after 10 days of exposure to
4,4'-MDA was observed (ECHA c2007-2013a). These results suggest that 4,4-MDA
concentrations of up to 100 mg/L would be unlikely to have significant inhibitory effects
on the microbial populations used in biodegradation tests.

A biodegradability test of 4,4'-MDA at 100 mg/L was carried out in 1994 following OECD
guideline for Testing of Chemicals No. 301F (Study Submission 2012a). Study results
were inconsistent: two of the three 4,4'-MDA replicates gave 0% biodegradation at 28
days by all of the three methods of estimation. However, in the third replicate,
biodegradability of 4,4'-MDA was 19% by BOD, 34% by DOC and 37% at 28 days by
residue analysis. Ready biodegradability of 4,4-MDA at 0.5 mg/L was also tested in
2009 in accordance with OECD guideline 301B (CO, Evolution Test) (Study Submission
2012Db). Results of the study indicated that 4,4'-MDA biodegraded to some degree; 46%
biodegradation was observed following an exposure period of 28 days, and 53% was
observed following 63 days. In another study, aerobic biodegradation of 4,4-MDA at
various concentrations was investigated by Kim et al. (2002) using a modified Sturm
test (ready biodegradation) with activated sludge following the protocol ASTM D5209-92
(which is similar to OECD Guideline301B). Biodegradation of 4,4-MDA at a test
concentration of 30 mg/L was determined to be approximately 62% and 72% after 28
days and 36 days of incubation, respectively. Biodegradation of 4,4-MDA by a bacterial
strain Ochrobactarum anthropi found in sludge was tested at four concentrations.
Results indicated a varied level of degradation, depending on the concentration of the
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test substance. At the lowest concentration of 30 mg/L, biodegradation of 4,4'-MDA was
determined to be approximately 62% and 72% after 28 days and 36 days, respectively,
similar to that found in the activated sludge experiment conducted at the same test
substance concentration. However, at higher test concentrations of 4,4'-MDA, the level
of biodegradation of the substance was observed to be reduced. After 28 days of
incubation, about 40% biodegradation was attained at 50 mg/L, 15% at 100 mg/L and
less than 5% at 300 mg/L.

Mei et al. (2015) compared results from several different ready biodegradability tests
(OECD test guidelines 301A, B, D and F) on the biodegradation of 4,4'-MDA ranging in
concentration from 2.0 to 40 mg/L depending on the test guideline followed. The 28-day
biodegradation concentrations were found to be 94.8%, 29.5%, 0% and 100% for
OECD test guidelines 301A, B, D and F, respectively. Ultimately the authors of this
study suggest that 4,4'-MDA exhibits intermediate biodegradation and large variation in
replicates are typical of substances which show partial biodegradability. Finally, 4,4'-
MDA at 30 mg/L was tested in 1986 using the inherent biodegradability test 302C,
Modified MITI Test (1) (Caspers et al. 1986). The biodegradability of the test substance
was measured using a respirometer. It was observed that 43% of 4,4'-MDA
biodegraded after 28 days. In studies conducted in accordance with OECD guideline
302B (Zahn-Wellens Test) using inoculum from activated sludge from industrial
wastewater treatment plants considered to be pre-adapted (Study Submission 2012c
and 2012d), the biodegradation of 4,4'-MDA was observed as 95% after 14 days and
97% after 21 days at a test concentration of 389 mg/L.

Overall, empirical evidence from the available ready and inherent biodegradation
studies in water indicates that biodegradation rates of 4,4-MDA vary likely because of
the variability in bioavailability of 4,4'-MDA and the capacity of microorganisms to
biodegrade the substance. However the results do show that 4,4'-MDA may undergo
inherent, primary degradation. In environmental settings, devoid of enhanced conditions
such as the presence of pre-adapted inoculum, and considering the tendency of MDA to
adsorb to solid particles, biodegradation of the substance may proceed at a moderate to
low rate.

Simulation biodegradation test

Schaefer and Carpenter (2013) examined biodegradation of 4,4'-MDA at a nominal
concentration of 100 pg/L in surface waters, in accordance with OECD Guideline 309
(Aerobic Mineralization in Surface Water - Simulation Biodegradation Test). The primary
objective of the simulation test is to determine the mineralization rate (ultimate
biodegradation) of the test substance (as indicated by **CO, evolution), which takes into
account primary and ultimate biodegradation along with any abiotic oxidation/reduction
reactions. At the end of the tests (92-days), only 11 to 26% of the radioactivity was
associated with evolved **CO,. Furthermore, the test guideline specifies that a
reference substance should be used (e.g., aniline or sodium benzoate) to ensure that
the microbial activity of the test water is within certain limits, while no reference
substance appears to have been used in this study (and thus, this validity criterion is not
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met). Simulation biodegradation tests or die-away biodegradation tests may be more
environmentally realistic than traditional biodegradation studies but are not commonly
used for existing chemicals to date. It is therefore important to benchmark the results
against a substance with well characterized biodegradation. Ultimately, what we can
conclude from this test is that under fairly environmentally realistic conditions, ultimate
biodegradation may proceed to ~20% and primary biodegradation proceeds to <60%
(as determined from the surface water trials with the highest recovery rates of 81% to
83%) in a 28-day period (for benchmarking purposes with typical time used in standard
ready and inherent biodegradation studies).

6.2.1.3 In soil

Cowen et al. (1998) investigated biodegradation of **C-labelled 4,4'-MDA in silt loam
surface soil and sandy loam soil under aerobic and anaerobic conditions. 4,4'-MDA was
tested at six concentrations ranging from 0.5 to 53 mg/L. On the basis of recovery of
14C0O,, aerobic biodegradation of 4,4'-MDA was calculated to be only 11% after 28 days
(Cowen et al. 1998). Under anaerobic conditions, biodegradation of 4,4'-MDA was not
observed over the 71-day experimental duration.

In summary, available empirical information regarding the degradation potential of 4,4'-
MDA in soil suggests that the substance does not biodegrade quickly in soil and that it
binds to humic substances, thereby reducing its bioavailability and bioaccessibility.
However, the substance may biodegrade faster in the presence of degradable organic
substances mixed in with the soil substrate.

6.2.1.4 In sediments

Schaefer and Ponizovsky (2013) examined transformation of 4,4'-MDA in sediment in a
study conducted in accordance with OECD Guideline 308 (Aerobic and Anaerobic
Transformation in Aquatic Sediment Systems). The study was performed with **C-
labeled 4,4'-MDA at a concentration of 1.38 to 1.41 mg/kg (dw) in aerobic and anaerobic
systems for two sediment types (estuarine and freshwater). Distribution of radioactivity
in aerobic sediments after 100 days of incubation was 54% to 90% “non-extractable”
from the sediments, 8% to 33% “extractable” from the sediments, 6% to 12%
unidentified metabolites in the water (only for aerobic trials), and 3% to 6% **CO,
(mineralization; only for aerobic trials). Ultimately, particle sorption tends to dominate
dissipation of MDA in water-sediment systems as indicated by the high proportion of
MDA that remained bound to sediment (54% to 90% “non-extractable” plus 8% to 33%
“extractable”). Extraction conditions, which included triplicate extractions with
acetonitrile (with 1% NH4OH) with sonication, were considered moderate to severe in
the analysis of bound residues (ECETOC 2009). Together with the large proportion of
bound residues seen in this study, it is likely that most of the MDA in a water-sediment
environment would not be available for degradation or for uptake by organisms.
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6.2.1.5 Summary of MDA empirical data for persistence

A summary of the empirical biodegradation data generated from the ready
biodegradation tests for 4,4'-MDA over 28 days is provided in Table 6-2 below.
Considering evidence of biodegradation of 4,4-MDA from water, soil and sediment
studies, biodegradation of the substance appears to be dependent on its bioavailability.
In water, 4,4'-MDA underwent inherent biodegradation only when pre-adapted microbial
populations were used. In soil and sediment, where MDA tends to be bound and is less
bioavailable, its biodegradation rates were observed to be slow. 4,4'-MDA has a high
log Koc Value, signifying that it readily adsorbs to particles. Therefore, in the
environment, including the water compartment, this tendency to adsorb is considered to
be the prevailing process that potentially limits its bioavailability to microorganisms that
would aid in its biodegradation. On the basis of the available evidence, it is considered

that 4,4-MDA will biodegrade at a moderate to low rate in the environment.

Table 6-2. Summary of key empirical data for biodegradation of 4,4"-MDA

Test
. Substance %
Medium Fate process concentration | Biodegradation?® Reference
(mg/L)
. Study
Asclttlj\:jagtgd biodsggilétion 100 0 Submission
2012a
. Study
Ascltllj\éaégd biodsgg%);\tion 100 19 Submission
2012a
. Study
Ascltllj\éaégd biodsgg%);\tion 0.5 46 Submission
2012b
Activated |~ Ready 30 62 Kim et al. 2002
sludge biodegradation
Activated |~ Ready 50 40 Kim et al. 2002
sludge biodegradation
Activated |~ Ready 100 15 Kim et al. 2002
sludge biodegradation
Activated | Ready 300 <5 Kim et al. 2002
sludge biodegradation
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Test
. Substance %
Medium Fate process concentration | Biodegradation® Reference
(mg/L)
Activated |~ Ready 40 94.8 Mei et al. 2015
sludge biodegradation
Activated | Ready 15.8 295 Mei et al. 2015
sludge biodegradation
Activated Ready .
sludge biodegradation 2.0 0 Mei et al. 2015
Activated |~ Ready 225 100 Mei et al. 2015
sludge biodegradation
Activated Inherent 30 43 Caspers et al.
sludge biodegradation 1986
. Study
9 9 2012c, d
Microbial Cowen et al
Soll degradation 0.5-53 11 1998

2 Biodegradation results summarized for the test period of less than or equal to 28 days. ° Pre-adapted inoculum was

used.

6.2.1.6 Modelling of persistence for 4,4-MDA and pMDA

Although experimental data on the degradation of 4,4'-MDA are available, a QSAR-
based weight-of-evidence approach was also applied using the degradation models
shown in Table 6-3 below. Modelled data were generated to confirm empirical data for
4,4'-MDA and to generate information on the oligomer components of pMDA.
Degradation in air and water was examined using QSARs. MDA substances do not
contain functional groups expected to undergo hydrolysis.
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Table 6-3. Summary of modelled data for degradation of 4,4-MDA and oligomer
components in pMDA®

Model Model result | Extrapolated
Fate process and model Substance and half-life
basis prediction (days)
Alr: AOPWIN 2010° |  4,4-MDA
. t 12 =0.05 days <2
MDA (-39
Air: AOPWIN 2010° 4,4'-MDA
NA® NA
Ozone reaction pMDA (n=3-5)
Water: HYDROWIN 4,4'-MDA .
| 2010° NA NA
Hydrolysis pMDA (n=3-5)
Primary aerobic
biodegradation: [2.3-3.3]“
4,4'-MDA
Sub-model 4: BIOWIN 2010° “biodegrades =182
Expert Survey pMDA (n=3-5) slowly to
(qualitative quickly”
results)
Ultimate aerobic .
biodegradation: BIOWIN 2010 d
4.4'-MDA [1.1-2.4]
Sub-model 3: “months and =182
Expert Survey pMDA (n=3-5) longer”
(qualitative
results)
Ultimate aerobic
biodegradation: [-1.69 to -
BIOWIN 2010° 4,4'-MDA 0.18)°
Sub-model 5: >182
pPMDA (n=3-5) | “biodegrades
MITI linear very slowly”
probability
Ultimate aerobic
biodegradation: BIOWIN 2010° 4 4"-MDA [o]°
Sub-model 6: PMDA (n=3— | *“biodegrades =182
5) very slowly”

MITI non-linear
probability
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Model Model result | Extrapolated
Fate process and model Substance and half-life
basis prediction (days)
4,4'-MDA
Ultimate aerobic
biodegradation: DS TOPKAT PMDA (n=3) [0]°
Probability 20052000 | (PMDAN=4,5 | “biodegrades 2182
were outside very slowly
of the domain
of applicability)
Ultimate aerobic
biodegradation: CATALOGIC 4,4'-MDA % BOD =0
. 2012 _ " >182
%o BOD pPMDA (n=3— biodegrades
(biological 5) very slowly”

oxygen demand)

@Substances used in this summary include the following CAS RNs: 101-77-9 and CAS RN 25214-70-4.
®EPI Suite (2008).

“Model does not provide an estimate for this type of structure.

d Output is a numerical score from 0 to 5.

€ Output is a probability score.

Modelled results presented in Table 6-3 above provide additional and relatively
consistent evidence for the degradation potential of MDA as well as oligomeric
components of pMDA in air and water.

Modelled degradation results for 4,4'-MDA in air, using the AOPWIN 2010 model, were
consistent with the available empirical data for this substance. Overall, modelled results
in air indicated a relatively fast degradation, with half-lives of less than 2 days for both
4,4'-MDA and pMDA.

In the water compartment, model results for the ultimate biodegradation, presented in
Table 6-3 above, collectively indicated that the substances 4,4-MDA and pMDA (based
on modelling of its oligomers) do not have the potential to biodegrade quickly. A primary
aerobic biodegradation model (BIOWIN sub-model 4 [2010]) indicated some variability
in the biodegradation potential of 4,4-MDA and pMDA. Using this model,
biodegradation of 4,4'-MDA is predicted to occur relatively rapidly (i.e., in weeks), while
biodegradation of pMDA is predicted to be somewhat slower (i.e., months).
Nonetheless, examined collectively, the modelled results indicate that 4,4'-MDA and
pMDA are likely to biodegrade slowly in water. These results are somewhat consistent
with empirical studies available for 4,4'-MDA that show a moderate rate of
biodegradation in water.

Input into the EPI Suite (2012) model, composed of information on chemical structures

of 4,4'-MDA and pMDA oligomers with 3, 4 and 5 carbon rings, fell within the domain of
applicability of the AOPWIN (2010) model and BIOWIN models (2010) featured in Table
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6-3. As well, all model inputs were in the domain of applicability of the CATALOGIC
(2012) biodegradation model. Finally, the domain of applicability conditions of the DS
TOPKAT model (c2005-2009) were not met for pMDA oligomers with 4 and 5 carbon
rings. However, the DS TOPKAT model results for these two oligomers indicated no
biodegradation potential and were consistent with all other modelled data obtained
using both the EPI Suite (2012) and CATALOGIC (2012) models.

6.2.1.7 Conclusion on persistence of MDAs

Overall, empirical data indicated that 4,4'-MDA tends to biodegrade at a moderate or
low rate in the water compartment, with a majority of the results demonstrating less than
60% ready biodegradation and less than 70% inherent biodegradation. However, as
stated previously, the substance may undergo inherent, primary degradation and has
been shown to be inherently biodegradable with pre-adaptation. Given that pMDA is
composed of approximately 50% 4,4-MDA (Cowen et al. 1998), these results are also
applicable to pMDA. Modelled ultimate biodegradation results also indicated a very slow
biodegradation potential, whereas some variability was observed in the primary model
biodegradation results. In soil, slow biodegradation rates were also observed. It can be
concluded that 4,4-MDA and pMDA will likely degrade at a moderate rate in the
environment, and covalent binding to sediment or soil will make it less available for
biodegradation to proceed. In the air, quick reaction of OH radicals with 4,4-MDA
suggest that it will not be present in air for very long.

6.2.2 MDIs

MDI substances belong to a class of chemicals generally known as aromatic
isocyanates. They are highly reactive compounds and react readily with nucleophilic
functional groups such as NH,, NH, OH, SH, and COOH (Mormann et al. 2006).
Because of this versatile reactivity of the isocyanate group, MDI substances can be
employed to produce a wide variety of materials used in foam cushion and insulation,
adhesive, sealant, coating, and elastomer applications. For example, the reaction of an
isocyanate with an alcohol yields a urethane; with an amine, a substituted urea; and
with water, a carbamic acid, which then readily breaks down into the corresponding
primary amine and carbon dioxide (ACC Diisocyanates Panel 2005).

Most studies on chemical reactivity have been devoted to 4,4-MDI (Mormann et al.
2006), although the hydrolysis reaction has been well characterized using pMDI
(Yakabe et al. 1999; Heimbach et al. 1996; Sendijarevic et al. 2004). Overall, the two
isocyanate groups of MDI have equal reactivity (Mormann et al. 2006). For 4,4'-MDI,
there is no steric hindrance of the isocyanate groups and no electronic effect of one
group on the other because of the central methylene group (Mormann et al. 2006). For
the other MDI monomers in the MDI/MDA Substance Grouping with isocyanate groups
in the ortho position, i.e., 2,2'-MDI and 2,4'-MDI, steric hindrance as well as the
electronic effect may influence the reactivity of these substances (Arnold et al. 1956).
Nonetheless, data available for 4,4-MDI are considered relevant and applicable to both
2,2'-MDI and 2,4'-MDI.
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6.2.2.1 In the atmosphere

MDI has been reported to be readily degraded by reaction with OH radicals (Carter et
al. 1999; Tury et al. 2003). Atmospheric reactivity of 4,4'-MDI was investigated by Carter
et al. (1999) through photoreactor studies using a suitable structural analogue
substance. Because of the technical difficulty in generating vapour from chemicals of
low vapour pressure such as MDI, an analogue, para toluene isocyanate (PTI), was
used in the study. The suitability of PTI as an analogue for MDI was discussed; the
authors rationalized that the MDI molecule can be thought of as two PTI molecules
joined at the methylene group, and that it is reasonable to expect that reactions should
occur at the aromatic ring and with a similar mechanism for reaction following the OH
radical addition. Results of the study indicated that MDI tends to react relatively rapidly
in the atmosphere. The second-order rate constant of 5.9 x 10™*? cm®molecule-second
was established for PTI, which was doubled to estimate the second-order rate constant
for the double-ringed MDI to give 1.2 x 10™** cm®molecule-second. The resulting
atmospheric half-life for MDI was estimated as 11 hours (ACC Diisocyanates Panel
2005) and 15 hours (Tury et al. 2003), assuming average hydroxyl radical
concentrations of 1.1 x 10° molecules/cm® and 1.5 x 10° molecules/cm?, respectively.

In the presence of condensed phases (e.g., rain drops, fog or clouds), it would be
expected that atmospheric TDI and MDI may react to form some polyurea with a TDA
and MDA residual, respectively (as in Yakabe et al. 1999), and may then be transported
with the condensed phase or be deposited to soil or surface waters.

6.2.2.2 In water
Hydrolysis reaction

Aromatic isocyanates are chemically reactive species, known to react with water
(Shkapenko et al. 1960; Yakabe et al. 1999). In a simplified description, hydrolysis of an
aryl isocyanate with water first forms carbamic acid and then, following a rapid release
of carbon dioxide, a primary amine (e.g., MDA). The primary amine can then also react
with the isocyanate to form urea (Yakabe et al. 1999).

For diisocyanates such as pMDI—a hydrophobic, dense and viscous substance—the
reaction with water tends to occur much slower than the homogenous reaction for
simple isocyanates. Because of its physical properties, when poured into water, MDI
tends to sink, and hydrolysis occurs heterogeneously at or below the diisocyanate/water
interface. In heterogeneous reactions, the rate of hydrolysis may depend on particle
size and surface area and on efficiency of mixing (Sendijarevic et al. 2004). When MDI
was finely divided and dispersed by vigorous agitation, the hydrolysis reaction rates
were observed to be rapid and approaching that predicted for a homogeneous reaction.
The oligomeric isocyanate components of the pMDI sample disappeared at
approximately the same rate as the monomer 4,4'-MDI. The reaction half-life of 4,4'-MDI
was measured to be approximately 25 hours under stirred experimental conditions with
a loading rate of 400 mg/L (Yakabe et al. 1999). In contrast, in static experiments,
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where diffusion and gas evolution provided the only mixing, pMDI was observed to be
present in the mixture for over 20 days, with approximately 25% of unreacted substance
remaining (Yakabe et al. 1999). In another study (Study Submission 2012a)
investigating the reaction of pMDI with water under unstirred conditions, it was also
observed that concentrations of the formed soluble products were lower than those
formed in the stirred experiments. Half-lives for 4,4'-MDA formation from pMDI were
determined as 3.8, 4.5, and 6.2 days on the basis of surface areas of pMDI of 18.1,
13.2, and 5.7 cm2, respectively. It is noted that with respect to the general reactivity in
water, structural differences due to the isocyanate group substitution of the MDI
monomers, i.e., 2,2-MDI, 2,4'-MDI, and 4,4"-MDI, as well as presence of all three
monomers (such as in the mixed MDI), are not expected to significantly impact the
general chemical pathway or associated reaction rates. Modelled data (EPI Suite 2012)
indicated hydrolysis half-lives of less than 10 minutes for all MDI substances in the
grouping (i.e., 2,2"-MDI; 2,4, MDI; 4,4'-MDI; representative structure of mixed MDI; and
individual components of pMDI [n=2-5]). These results indicated that hydrolysis rates of
all MDI substances in the grouping tend to be very similar. However, it is noted that
modelled hydrolysis data may underestimate the influence of steric hindrance, physical
properties such as viscosity, and impacts of a heterogeneous reaction on the individual
hydrolysis rates for MDI substances in the grouping. Therefore, empirical hydrolysis
reaction rates for these MDI substances are expected to be somewhat slower than the
modelled rates.

The reaction of pMDI in water produced solid, insoluble, unreactive polyurea as a major
product, a small yield of 4,4-methylenedianiline (4,4-MDA) from 4,4'-MDI present in
pMDI, and DOC (Yakabe et al. 1999). The amount of 4,4-MDA produced was
measured at 1% under stirred experimental conditions and at 0.005% under static
experimental conditions, indicating that the efficiency of mixing impacted the reaction
rate.

Products of the hydrolysis reaction of pMDI were further studied by Sendijarevic et al.
(2004). The focus of that study was on the potential for MDA release into the
environment as a result of environmental release of pMDI and its subsequent hydrolysis
to polyureas. The authors characterized hydrolysis and associated reaction kinetics of
polyureas obtained from hydrolysis of pMDI. Polyurea samples were prepared by
vigorous agitation of pMDI with water to obtain low-molecular-weight polyureas, which
are thought to undergo hydrolysis more readily than the low-molecular-weight polyureas
formed under static conditions. The study was conducted using an industrial pMDI
sample, commercially known as Lupranate M-205, with a described composition
including congeners of polymethylene polyphenyl isocyanate, 39.4% 4,4'-MDI, 3.4%
2,4'-MDI, and 2,4-bis(p-isocyanatobenzyl)phenyl isocyanate. Study results indicated
that polyureas formed from contact of pMDI with water can be expected to be
essentially unreactive in the environment for millennia. Reaction half-lives for the
release of MDA from pMDI-polyurea were determined on a geological time scale
indicating that polyureas are extremely stable in the environment (Sendijarevic et al.
2004).
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Ready and inherent biodegradation studies

pMDI was tested in an inherent biodegradation study in 1986 in accordance with OECD
Guideline 302C (Modified MITI Test [ll]) (Caspers et al. 1986). According to the study
authors, the inherent test was applied since pMDI was known to be not readily
biodegradable. This study also consisted of tests for 4,4'-MDA, and therefore the study
protocol is described in more detail in the MDA Persistence section above. In summary,
the study protocol for pMDI was also modified with respect to the inoculum source,
pMDI was tested at the same concentration of 30 mg/L, and aniline was used as the
study reference substance. The test substance pMDI was described to be composed of
isomers and oligomers and to consist of approximately 50% monomeric MDI. After 28
days, 0% biodegradation was observed for pMDI. Therefore, pMDI does not inherently
biodegrade under the conditions of this test. Using OECD Guideline 209 (Activated
Sludge, Respiration Inhibition Test), no inhibition of respiration was reported for any of
the pMDI test concentrations used (i.e., 1, 10 or 100 mg/L), indicating that the test
substance is not appreciably toxic to the sludge microorganisms.

6.2.2.3 In soil

MDIs are highly reactive substances, especially in contact with water. It is expected that
in soil, where a degree of moisture is prevalent, MDI substances will mainly undergo
hydrolysis (Martens and Domsch 1981; Allport et al. 2003). Like the hydrolysis reaction
in the water compartment, the same heterogeneous reaction is expected in soil,
resulting in MDA and polyurea reaction products. During the reaction process,
diisocyanate is trapped within a crust of solid, insoluble polyureas (Allport et al. 2003).
MDAs tend to be formed in relatively small amounts, and polyureas are the major
reaction products.

Degradation of polyureas prepared from **C-labelled MDI and formed by interaction of
MDI with water was investigated in different agricultural soils ranging from sandy to clay
(Martens and Domsch 1981). The study aimed to address the fate of a high-content
MDA-polyurea after a spillage of monomeric isocyanates. In the study, degradation was
not detected after four months, as evidenced by no detectable **CO, evolution or lack of
formation of soluble radiolabeled products, such as diamines and oligoureas (Martens
and Domsch 1981).

6.2.2.4 In sediments

Measurements of pMDI concentrations in sediments were conducted in an unpublished
study by Heimbach (1993), where high concentrations of the substance (1000 and

10 000 mg/L) were added to artificial ponds to evaluate effects in a spill situation.
According to the description of the Heimbach (1993) study in ECJRC (2005), the
degradation rate of pMDI was substantial but not constant throughout the study. pMDI
concentrations decreased over the course of the study from 7.6 mg/kg to less than or
equal to 0.7 mg/kg in the low-dosed pond (1000 mg/L) and from 20 to 0.8 mg/kg in the
high-dosed pond (10 000 mg/L). Half-lives of pMDI in the urea residues found in
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sediment were found to vary from 7 to 80 days in the low-dosed pond, and from 14 to
28 days in the high-dosed pond. This study suggested that pMDI tends to break down
relatively quickly in sediment, but that the reaction rates tend to proceed more rapidly at
higher pMDI concentrations.

6.2.2.5 Summary of pMDI empirical data for persistence

MDI substances in the MDI/MDA Substance Grouping belong to a highly reactive class
of chemicals. In the atmosphere, MDIs are known to react readily, and relatively rapid
half-lives have been established on the basis of the reaction of OH-radicals using an
analogue substance (ACC Diisocyanates Panel 2005; Tury et al. 2003) (see Table 6-4
below). MDI substances are also known to rapidly hydrolyze; however, the rate of
hydrolysis depends on the mixing conditions (Yakabe et al. 1999). In experiments where
MDI was dispersed by vigorous agitation, hydrolysis rates were observed to be fast,
whereas in the static conditions, up to 75% of the test substance was reacted after 20
days, but some amounts of the unreacted test substance were observed to remain in
solution (Yakabe et al. 1999) (see Table 6-4). An inherent biodegradation test was
conducted and results indicated that pMDI does not biodegrade under the conditions of
the test. Given that hydrolysis is a major mode of relatively rapid degradation of MDI
substances in the environment, they are unlikely to be present in an aquatic/sediment
medium for very long. The hydrolysis studies of MDI showed that the half-life in water is
very unlikely to be longer than 182 days (6 months) and that the substance is therefore
likely to not persist in that environmental compartment. Moreover, since a degree of
moisture is typically present in soil, it is expected that hydrolysis will also be the
prevailing degradation reaction in this compartment.

Given the abundance of empirical biodegradation data for MDI substances in the
grouping in air and water and the fact that these substances are highly reactive in these
environmental media, biodegradation modelling in air and water was not performed for
these substances.

Table 6-4. Summary of empirical data for environmental degradation of pMDI

, Degradation
CAS Medium Fate Degradation endpoint / Reference
RN process value .
units
ACC
Generic Half-life Diisocyanate
Air Oxidation 11-15 s Panel 2005;
MDI
(hours) Tury et al.
2003
Biodegradation
9016- | \ater Hydrolysis 75% Yakabe etal
87-9 1999
(%)
Inherent . .
9016- . b Biodegradation | Caspers et al.
87.9 Water blo:tieogr:ad 0 (%) 1986

2 after 20 days; ° after 28 days

35



Screening Assessment MDI/MDA Substance Grouping

6.2.2.6 Conclusion on persistence of MDI substances in the MDI/MDA Substance
Grouping

Judging from the available empirical data (Table 6-4), the MDI substances in the
MDI/MDA Substance Grouping are not expected to persist in air, water, soil, or
sediment.

6.3 Potential for Bioaccumulation

In order to provide multiple lines of evidence for the bioaccumulation potential of
substances in the MDI/MDA Substance Grouping, both empirical and modelled data
were considered. This section is divided into two subsections, where information
available for MDA and MDI substances in discussed separately.

Available experimental and model-generated data including bioconcentration factors
(BCF), together with information deduced from the partition coefficients, were additional
considerations in the determination of the bioaccumulation potential of MDA and MDI
substances.

6.3.1 MDAs

For MDA, experimental and modelled BCFs, together with information deduced from the
partition coefficient data as well as read-across data for pMDA, were considered in
determining the potential for bioaccumulation. Experimentally determined fish
bioconcentration factors (BCFs) are considered as the main line of evidence for the
substance’s bioaccumulation potential. These empirical findings are also supported by
the modelled evidence.

6.3.1.1 Aquatic bioconcentration factor (BCF)

A study testing the potential of 4,4'-MDA to bioaccumulate in fish was conducted in
1992 by the Japanese Ministry of International Trade and Industry (MITI1 1992).
According to the study report, 4,4-MDA was tested in carp (Cyprinus carpio) at the
nominal concentrations of 0.02 and 0.2 mg/L, in accordance with OECD Guideline 305C
(Bioaccumulation: Test for Degree of Bioconcentration in Fish). Fish measuring
approximately 10 cm in length and weighing 30 grams were used in the study. Fish lipid
content was reported as an average of 4.5%. BCF measured was for the substance at
equilibrium after a test period of 6 weeks (MITI 1992).

Bioconcentration factors (BCFs) were calculated as less than 3.1 to 15 after exposure to
0.02 mg/L of 4,4'-MDA and as 3 to 14 after exposure to the higher concentration of 0.2
mg/L of the substance. Experimental results indicated that the 10-fold difference in the
concentration of the test substance used in the study did not have an impact on the
BCF values. Overall, BCF results of less than or equal to 15 indicate a low potential for
bioaccumulation. Results from this study are presented in Table 6-5 below.
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Table 6-5. Summary of empirical bioconcentration factors (BCF) for 4,4'-MDA

Test organism BCF value (L/kg)? Reference
Carp <3.1-15 (0.02 mg/L) ECHA 05,9&7'
(Cyprinus carpio) 3-14 (0.2 mg/L) 20132

#Values in parentheses represent the test concentrations at which the BCFs were derived.
® NAR: not available for review.

To corroborate the experimental BCF results, model results were also generated using
the BCFBAF model (EPI Suite 2012) and the experimental log K, value of 1.6 as the
model input. Predicted BCF and BAF values for the middle trophic level fish
representative of Canadian waters generated using a modification of the mass-balance
model from Arnot and Gobas (2003) were both 3.2 L/kg. The predicted values were
consistent with the experimental values obtained in the study.

In addition, predicted BCF/BAF values for the 3-ring oligomer of pMDA for the middle
trophic level fish, based on the modelled log Ko, of 3.29, were both approximately 51
L/kg.

6.3.1.2 Bioaccumulation potential in terrestrial organisms

According to known release patterns, MDA tends to be deposited on soil surfaces,
mainly as a result of emissions of MDI substances and their subsequent and rapid
conversion to some amounts of MDA (Yakabe et al. 1999). Thus, exposure to terrestrial
organisms to MDA and associated amines as a result of conversion of corresponding
isocyanates in the environment is theoretically possible.

Experimental log K,y values of 1.55 to 1.64 for 4,4'-MDA and 1.3 to 2.5 for pMDA (see
Appendix B, Tables B-1 and B-2) suggest that these chemicals have a low potential to
bioaccumulate in biota. However, chemical substances with the combination of
moderate log Koy values of greater than or equal to 2 and a high log Ko, (log Ko, for 4,4'-
MDA is 9.5, see Appendix B: Table B1), may have the potential to biomagnify via
dietary exposure in terrestrial food webs as suggested by Gobas et al. (2003) and Kelly
et al. (2007).

It has been observed that substances with a log Ko, less than or equal to 2 are typically
metabolized and/or eliminated through routes such as urinary secretion by exposed
animals (Kelly et al. 2007). For 4,4'-MDA, studies in rats, mice, guinea pigs, rabbits and
monkeys demonstrated that following intraperitoneal/intravenous injection or oral
administration of 4,4'-MDA, the substance is largely eliminated in both urine and feces
(OECD 2002). Both acetylated 4,4-MDA metabolites and free 4,4'-MDA have been
detected in the urine of exposed animals (OECD 2002). On the basis of this information,
it is considered that 4,4'-MDA tends to be readily metabolized and eliminated from the
body by small mammals and thus is not likely to biomagnify in terrestrial food webs.
Moreover, the modelled biomagnification factor (BMF) calculated from the log Ko and
log Koa Values for 4,4'-MDA for the top food chain predator, the wolf, indicated no
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biomagnification potential (4,4'-MDA BMF0=4x10™) (BMF predictions for wolves were
made using a spreadsheet version of Gobas et al. [2003]).

6.3.1.3 Conclusion on bioaccumulation potential of MDAs

Both 4,4'-MDA and pMDA have low to moderate experimental log K, values and high
modelled log Kqa values. A low log Koy generally suggests a low potential for
bioaccumulation, but since it is only a partition coefficient it does not account for
physiological processes such as metabolism. Environment and Climate Change
Canada does not consider the use of log Koy in isolation as sufficient evidence to
determine the bioaccumulation potential. Low to moderate log Koy, together with a high
log Koa suggests a potential for biomagnification in terrestrial food webs, given that the
route of exposure of the substance is through food sources (Kelly et al. 2007). For 4,4'-
MDA, experimental evidence suggests that this substance is readily metabolized and
secreted by small mammals (OECD 2002), and it is therefore unlikely that this
substance has the potential to biomagnify in terrestrial food webs. This was further
confirmed by the very low predicted BMF in the terrestrial top food chain predator (wolf
BMF calculations based on Gobas et al. 2003). Experimental BCF in fish was
determined to be very low (MITI 1992), indicating that 4,4'-MDA does not bioaccumulate
in fish. Empirical fish BCF results were in agreement with model-predicted BCF values
(EPI1 Suite 2012). Finally, modelled BCF for the most prominent 3-ring oligomer in
pMDA was also very low (EPI Suite 2012) and thus unlikely to bioaccumulate in biota.

6.3.2 MDIs

MDI substances are highly reactive due to the properties of their isocyanate groups
(Yakabe 1999). Consequently, they are not expected to build up to significant
concentrations in water or soil, where a degree of moisture is prevalent and would
promote the occurrence of hydrolysis. This characteristic was previously described in
more detail in the Fate and Persistence sections of this screening assessment. In effect,
it is expected that very limited amounts of MDI would be available for uptake by
organisms from the environmental media. Moreover, the two main MDI hydrolysis
reaction products, polyureas and MDA, bioaccumulate to only very low levels in
organisms. Polyureas obtained from MDIs are inert, insoluble and solid and tend to form
layers or crusts (Yakabe 1999). They have been observed to cause indirect
ecotoxicological effects in populations of benthic organisms (Heimbach et al. 1996). As
described above, MDA substances have a low bioaccumulation potential.

The log Kow Values determined for the MDI monomers in the MDI/MDA Substance
Grouping were approximately 4.5, and the modelled log Ko, values were 8.95 (see
Appendix C). For pMDI, the log K, was not determined, whereas the modelled log Koa
values ranged from 8.95 (for oligomer with n=2) to 24.8 (n=5) (see Appendix C). For
substances with low metabolism potential, such log Ko and log Kya values could
indicate probable biomagnification in terrestrial food webs (Kelly et al. 2007). However,
given the known reactivity of the MDI substances, it is very unlikely that these
substances are available for uptake by organisms from the environment. Therefore,
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given the high reactivity, rapid degradation and the lack of persistence of the MDI
substances of the MDI/MDA Substance Grouping in environmental media including air
and soil, estimation of the bioaccumulation potential in terrestrial food webs is not
considered in this screening assessment.

6.3.2.1 Aquatic bioconcentration factor (BCF)

A fish bioconcentration study for 4,4'-MDI was performed in 2002 by the Japanese
Chemicals Evaluation and Research Institute using carp (Cyprinus carpio) (Study
Submission 2012e). The study was conducted according to OECD Guideline 305
(Bioconcentration: Flow-through Fish Test). Since the test substance was observed to
rapidly react with water, a carrier solvent was used to stabilize the chemical. It is noted
that the use of a carrier solvent is not representative of conditions naturally encountered
in the environment but is considered acceptable for the purpose of testing a highly
reactive substance. The stock solution was prepared by dissolving **C-labelled 4,4'-MDI
(radio-label positioned at both carbon rings) in acetone, and this preparation was
observed to be fairly stable (95% of 4,4'-MDI remained in the acetone solution after 4
days). A 96-hour range finding test in Japanese rice fish (Oryzias latipes) indicated a
low LCsp value of 0.5 mg/L from exposure to 4,4'-MDI in acetone. Therefore, for the 28-
day bioconcentration study, carp ranging from 5.8 to 7.4 cm in length were exposed to
4,4'-MDl/acetone at two concentrations: 0.8 pug/L and 0.08 ug/L. Stock solutions of 4,4'-
MDI in acetone for both exposures were prepared as 8.0 mg/L and 0.8 mg/L, and the
test solutions were renewed every two to three days. Measurements of the test
substance in the test solutions were carried out throughout the study, and the measured
concentrations did not deviate more than 20% from the nominal concentrations. On the
basis of observations of minimal variation (less than 20%) in at least three consecutive
measurements of BCF, steady state was judged to be attained in the course of 28 days.
Fish lipid content was determined from the control fish only and was reported as 2.8%
before the start of the study and as 4.5% at the end. After 28 days of exposure to the
test substance, BCFs in the 0.8 pg/L exposure group were determined to be in the
range of 61 to 150, while BCFs in the 0.08 pg/L exposure group were determined to be
in the range of 120 to 330. Average BCFs were calculated and were reported as 92
from the exposure concentration of 0.08 pg/L and as 200 from the 10-fold lower test
concentration of 0.08 pg/L. Average BCFs are summarized in Table 6-6 below.

Table 6-6. Empirical bioconcentration factors (BCF) of 4,4"-MDI

Kinetic and/or steady-state

value (L/kg)? Reference

Test organism

Carp
92 (0.8 ug/L) Study Submission 2012¢;

(SZF;;Q;JS 200 (0.08 pg/L) ECHA c2007-2013c

#Values in parentheses represent the test concentrations at which the BCFs were derived.

39



Screening Assessment MDI/MDA Substance Grouping

Results of the study indicate that 4,4'-MDI has a low bioaccumulation potential. It is
noted that without the use of a carrier solvent, the test substance would hydrolyze
quickly, not allowing for maintenance of the nominal test concentration and would
ultimately not be bioavailable to the test organisms. It is uncertain whether the test
substance reacted in the water since the measurements of test substance
concentrations were not specific to the presence of the isocyanate groups, but rather
were based on the radioactive label placed on the carbon rings of 4,4'-MDI. However,
since the heterogeneous reaction of MDI in water and formation of polyureas were not
acknowledged in the study report, it is concluded that 4,4'-MDI concentrations remained
stable in the test solutions.

Results of this study are also considered applicable to the other MDI substances in the
Grouping. 4,4'-MDl is structurally very similar to the monomers 2,2-MDI and 2,4'-MDI,
as well as to mixed MDI, which consists of a combination of the three monomers. 4,4'-
MDI also constitutes approximately 50% of pMDI, and thus is a major component of this
substance (see ldentity of Substances section).

With regard to the methodology of the available bioaccumulation study, it is
acknowledged that experimental procedures adopted in this study created artificial
conditions for MDI exposure. Given that pMDI is a highly reactive substance, it is
expected that it would not be available for uptake by aquatic organisms from the
surrounding media. Under environmental conditions, where the hydrolysis reaction of
MDI would occur readily, organisms would be mainly exposed to polyureas and MDAS,
rather that MDI. Like MDIs, both polyureas and MDAs have a low bioaccumulation
potential.

Finally, given the availability of reliable empirical bioaccumulation data for MDI
substances in the grouping and the fact that these substances are highly reactive in
water, bioaccumulation modelling was not performed for these substances.

6.3.2.2 Conclusion on bioaccumulation potential of MDI substances in the
MDI/MDA Substance Grouping

MDI substances in the MDI/MDA Substance Grouping belong to a highly reactive class
of chemicals. They are known to quickly hydrolyze and, as a result, have only a
transient existence in environmental media such as water or soil, where a degree of
moisture is typically present (Yakabe 1999). For this reason, it is considered that MDI
substances tend not to be present in appreciable concentrations in the environment for
prolonged periods of time and therefore are not available for uptake by organisms and
are very unlikely to biomagnify in aquatic or terrestrial food webs. Available empirical
evidence in fish from exposure to a solvent-stabilized 4,4'-MDI over 28 days suggests
that this substance does not bioaccumulate in fish. BCF results from this
bioconcentration study are considered as read-across for the remaining monomer MDIs
in the MDI/MDA Substance Grouping, 2,2'-MDI and 2,4-MDI, as well as mixed MDI.
Also, since 4,4'-MDI is a major component of pMDI, study results for 4,4'-MDI are
considered to be representative of pMDI as well.
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Therefore, the available empirical evidence for bioaccumulation potential, physical-
chemical properties and environmental fate suggests that MDI substances in the
MDI/MDA Substance Grouping are not likely to be very bioaccumulative.

7. Potential to Cause Ecological Harm
7.1 Ecological Effects Assessment

Available environmental toxicity information for MDA and MDI substances in the
MDI/MDA Substance Grouping is summarized in the subsections below.

For 4,4'-MDA, the available empirical studies for water-, soil- and sediment-dwelling
organisms are summarized in subsections for each environmental compartment and in
corresponding Tables 7-1, 7-3 and 7-4. Given that pMDA is composed of over 50% of
4,4'-MDA (Allport et al. 2003), toxicity data available for pMDA are also presented as
potential read-across information (Table 7-2). Not surprisingly, toxicity levels in aquatic
species, such as algae, water flea, and microorganisms in the activated sludge,
established from experimental exposure to pMDA are similar to those determined for
4,4'-MDA (see Tables 7-1 and 7-2).

Similarly, empirical data available for the MDI substances in the MDI/MDA Substance
Grouping are summarized in subsections for each environmental compartment and in
Tables 7-6, 7-7 and 7-8. Since ecological studies were conducted for only two
substances in the subgroup, i.e., 4,4-MDI and pMDI, results from these studies were
considered as read-across to inform ecological effects from potential exposure to 2,4'-
MDI, 2,2'-MDI and mixed MDI. 2,4'-MDI and 2,2'-MDI are very similar isomers of 4,4'-
MDA, and mixed MDI is a mixture of all three MDI monomers. Therefore, ecological
effects resulting from exposure to these MDI substances are expected to be
comparable.

7.1.1 MDAs
7.1.1.1 Empirical studies for the aquatic compartment

Given the physical-chemical properties of MDA and its predicted environmental fate
(see Environmental Fate section, Table 6-1), it is expected that when released into
water, most of the substances, and particularly the monomer 4,4'-MDA, will remain in
water and subsequently partition into sediment (up to approximately 30%) (see Table 6-
1A, 6-1B and 6-1C). However, soil and sediment are expected to be the main receiving
media upon MDA releases to air and soil. Therefore, potential route of exposure of
aquatic organisms to MDA would mainly result from the direct releases of MDA
substances into water.

Effects of 4,4-MDA have been extensively studied in aquatic species including
microorganisms (marine and fresh water bacteria and activated sludge), algae,
invertebrates (Daphnia magna) and fish. Similar effects have also been established for
pMDA in green algae and invertebrates (D. magna), although the number of studies
carried out was fewer. Generally, the observed levels of toxicity in different aquatic
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species measured through ecological endpoints were comparable between 4,4-MDA
and pMDA.

Ecological effects of 4,4'-MDA were studied in three species of microorganisms: a
marine Gram-negative bacterium, Photobacterium phosphoreum; a Gram-negative
bacterium, Escherichia coli; and unidentified microorganisms found in activated sludge.

The luminescent bacterial toxicity assay, known as the Microtox test, was performed
using the marine bacterium P. phosphoreum to create a toxicity data index for over
1300 chemicals (Kaiser and Palabrica 1991). 4,4'-MDA was one of the chemicals tested
in this study. The 30-minute acute ECs value determined for 4,4-MDA in the Microtox
bioassay was 6.6 mg/L (Kaiser and Palabrica 1991), indicating a moderate toxicity
potential of the test substance.

In the two other bacterial studies available for 4,4'-MDA, the substance was not
observed to be appreciably toxic to the test organisms at both acute and chronic
exposures (ECHA ¢c2007-2013a). In a 3-hour acute study conducted in 1986, activated
sludge from a laboratory-scale wastewater treatment plant was tested according to
OECD Guideline 209 (Activated Sludge, Respiration Inhibition Test) at concentrations of
up to 100 mg/L. ECs for respiration inhibition was determined as greater than 100 mg/L
following a 3-hour exposure to 4,4'-MDA (Caspers et al. 1986). Similarly, in a chronic
10-day study testing the growth rate in E. coli, a NOEC of greater than 100 mg/L was
established, and no significant effect on growth of E. coli after 10 days of exposure to
4,4'-MDA was observed (ECHA c2007-2013a).

Ecotoxicological effects of 4,4-MDA and pMDA were also determined in algae. 4,4'-
MDA was tested in two species, Selenastrum capricornutum and Desmodesmus
subspicatus, in a 2002 study and 1985 study, respectively. Both studies were performed
in accordance with OECD Guideline 201 (Alga, Growth Inhibition Test), and summaries
of the study reports are available from the European Chemicals Agency website (ECHA
c2007-2013a). In the 2002 study, S. capricornutum was exposed to 4,4'-MDA at
nominal concentrations ranging from 0.2 to 20 mg/L for 48 and 72 hours. At 72 hours,
the ECso for growth rate was 14.4 mg/L, and for calculation of the area under the growth
curve, endpoints reported included a NOEC of 0.93 mg/L and a 72-hour ECs of 5.34
mg/L. In the 1985 study, D. subspicatus was exposed to 4,4-MDA at the nominal
concentrations ranging from 10 to 160 mg/L for 72 hours. An ECs, for the growth rate
was reported as 21 mg/L (ECHA c2007-2013a). In summary, both species of algae, S.
capricornutum and D. subspicatus, appear to have similar sensitivities to the exposure
of 4,4'-MDA for up to 72 hours, with ECsp values for the growth rate inhibition ranging
from 13.5 to 21 mg/L.

A summary of a similar study for pMDA performed in 1992 according to the industrial
standard test guideline DIN 38 412 Part 9, is also available from the European
Chemicals Agency website (ECHA c2007-2013a). In this study, the green algae D.
subspicatus was exposed to pMDA for 72 hours, and two ecotoxicological endpoints,
growth rate inhibition and biomass increase were considered. EC,, values were
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reported as 0.3 and 2.4 mg/L, and ECsp values were reported as 11 and 9.8 mg/L for the
growth rate inhibition and increase in biomass, respectively (see Table 7-2). According
to the available studies, the ecotoxicological effects of 4,4-MDA and pMDA on algae
appear to be similar. The pMDA used in this study was reported to be composed of
nearly 60% 4,4'-MDA, less than 3% 2,4'-MDA, less than 0.1% 2,2'-MDA, and oligomers
at approximate concentrations of 21% for n=3, 8% for n=4, 3% for n=5 oligomer, and
4% for n greater than or equal to 6 (ECHA c2007-2013a).

Several short- and long-term ecotoxicological endpoints were established for the water
flea Daphnia magna as a result of numerous studies testing 4,4'-MDA (ECHA c2007-
2013a; Salinas 2011; Mitsubishi Chemical Safety Institute 2002a, 2002b). Also, two
acute ecotoxicity studies investigating the effects of pMDA on daphnids were recently
conducted (Study Submission 2012f, g; ECHA c2007-2013a). In general, both 4,4-MDA
and pMDA are highly toxic to D. magna, with ECsp or LCs¢ endpoints reaching less than
1 mg/L as a result of acute and chronic exposures. Available studies are summarized in
Tables 7-1 and 7-2.

Ecotoxic effects, including reproduction inhibition, in D. magna from a long-term 21-day
exposure to 4,4-MDA were determined in a study by the Mitsubishi Chemical Safety
Institute (2002b). The study was conducted according to OECD Guideline 211 (Test for
Reproduction of Daphnia). Daphnids were exposed to the test substance at
concentrations ranging from 0.006 to 0.6 mg/L. The chronic LCs, value was reported as
0.0291 mg/L, and the NOEC, lowest observed effect concentration (LOEC) and median
effective concentration (ECsp) values for growth inhibition were 0.00525, 0.0182, and
0.0149 mg/L, respectively. This study demonstrates the lowest toxicity effects observed
from exposure of an aquatic species to 4,4'-MDA.

Two unpublished studies examining acute effects of pMDA exposure to D. magna were
available for review (Study Submission 2012 f, g; ECHA c2007-2013b) (see Table 7-2).
The 48-hour NOEC, ECsp, and maximum effective concentration (EC,q0) values for
immobilization, based on the mean measured concentrations, were reported as 0.273,
0.57, and 1.24 mg/L, respectively. Another similar unpublished study conducted in 2010
also investigated the effect of pMDA on the immobilization of D. magna after a short-
term (48-hour) exposure. The NOEC, ECsy and EC,gp values for D. magna
immobilization, based on the nominal test concentrations, were reported as 0.1 mg/L,
0.1 to 1 mg/L, and 1 mg/L, respectively. Results from both studies are consistent and
show a similar degree of toxicity to the test organisms.

In the fish species, short-term toxicity of 4,4-MDA was established through a series of
unpublished studies conducted between 1985 and 2002. Summaries of these studies
are available on the European Chemicals Agency website (ECHA ¢2007-2013a).
Available endpoints from the fish toxicity studies are provided in Table 7-1. The studies
were short-term (96-hour) studies conducted in four fish species: Japanese rice fish
(Oryzias latipes), rainbow trout (Oncorhynchus mykiss), golden orfe (Leuciscus idus),
and zebrafish (Brachydanio rerio). Effect levels were comparable among the four
species, falling within the same order of magnitude (see Table 7-1) with 96-h LCsgs
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ranging from 20.6 mg/L for Japanese rice fish to 65 mg/L for zebrafish. Available
empirical toxicity data for fish suggests that short-term exposure (up to 96 hours) to 4,4'-
MDA results in moderately toxic effects. Lethal concentration values established for the
fish species in these studies are similar and fall within the same order of magnitude.
Long-term chronic toxicity studies in fish were not identified in either the published
literature or through unpublished sources. However, it is expected that ecotoxicological
effects of 4,4-MDA in fish would be more pronounced following longer exposure to the
substance than those established in the short-term studies. Fish studies were not
identified for pMDA. It is expected, however, that effects of pMDA may be similar to
those of 4,4'-MDA, given the structural similarities between both substances.

In conclusion, aquatic organisms are sensitive to both short- and long-term exposure to
MDA substances, with the observed toxic effects intensified as a result of chronic
exposure, typical of a neutral narcotic chemical. 4,4-MDA and pMDA were observed to
be highly to moderately toxic to various aquatic organisms tested, including algae,
microorganisms, the invertebrate D. magna, and fish. The water flea D. magna
exhibited the highest sensitivity to exposure to both MDA and pMDA, with several acute
and chronic ecotoxicological endpoints determined to be less than 1 mg/L. In addition,
ecotoxicological endpoints determined for 4,4'-MDA and pMDA in algae and D. magna
were very similar, confirming that the results from studies for pMDA can be used as
read-across for 4,4'-MDA.

Table 7-1. Summary of empirical data for aquatic toxicity from studies for 4,4'-
MDA

Duration Value

of test Endpoint (ma/L) Reference

Test organism

Marine bacterium

. . ECso Kaiser and Palabrica
(Photobacterium | 30 minutes . 6.6
phosphoreum) (Microtox test) 1991
ECso

Activated sludge 3 hours >100 Caspers et al. 1986

(respiration)

Bacteria 10 davs NOEC >100 ECHA c2007-
(Escherichia coli) y (growth rate) 2013a"R
Algae EC., NAR
(Selenastrum 48 hours >0 13.5 ECHA ¢2007-2013a

capricornutum) (growth rate)
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Duration

Value

Test organism of test Endpoint (mg/L) Reference
Algae EC. VAR
(Selenastrum 72 hours >0 14.4 ECHA ¢2007-2013a
: (growth rate)
capricornutum)
Algae EC. NAR
(Desmodesmus | 72 hours ( rowst% rate) 21 ECHA ¢2007-2013a
subspicatus) 9
Water flea 24ahours | . ECs 2.3 ECHA c2007-2013a
(Daphnia magna) (immobilization)
Watgr flea 24 hours . NO.I.EC . 041 Salinas 2011
(Daphnia magna) (immobilization)
Water flea 48 hours NOEC 0.19 Salinas 2011
(Daphnia magna) (immobilization)
Water flea ECso :
(Daphnia magna) 24 hours (immobilization) 1.5 Salinas 2011
Water flea 48 hours | ,  ECso 0.40 Salinas 2011
(Daphnia magna) (immobilization)
Water flea 24 hours | . ECi0 >4.3 Salinas 2011
(Daphnia magna) (immobilization)
48 hours 2.0
Water flea ) ECa00 Salinas 2011
(Daphnia magna) (immobilization)
Water flea NOEC Mitsubishi Chemical
(Daphnia magna) 24 hours (immobilization) 0.63 Safety Institute 2002a
Water flea 48 hours NOEC 0.2 Mitsubishi Chemical

(Daphnia magna)

(immobilization)

Safety Institute 2002a
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. Duration . Value
Test organism of test Endpoint (mg/L) Reference
Water flea 24 hours ECso 8.08 Mitsubishi Chemical
(Daphnia magna) (immobilization) ' Safety Institute 2002a
Water flea ECso Mitsubishi Chemical
(Daphnia magna) 48 hours (immobilization) 241 Safety Institute 2002a
Water flea 48 hours ECi00 200 Mitsubishi Chemical
(Daphnia magna) (immobilization) Safety Institute 2002a
Water flea NOEC
(Daphnia magna) 14 days (reproduction) 0.15 ECHA c2007-2013a
Water flea 21 davs (re rlz)ccjfjoction 0.0291 Mitsubishi Chemical
(Daphnia magna) y =produ ' Safety Institute 2002b
inhibition)
Water flea 21 days (repr%fj:aoction 0.0149 Mitsubishi Chemical
(Daphnia magna) inhibition) Safety Institute 2002b
NOEC . L .
Water flea , Mitsubishi Chemical
(Daphnia magna) 21 days (rgprpdgctlon 0.00525 Safety Institute 2002b
inhibition)
LOEC : I .
Water flea . Mitsubishi Chemical
(Daphnia magna) 21 days (rgprpdgctlon 0.0182 Safety Institute 2002b
inhibition)
Rice fish ECHA c2007-
(Oryzias latipes) | 48 hours LCso 321 2013aMR
Rice fish ECHA c2007-
(Oryzias latipes) | 20 hours LCs0 206 2013a"R
Rainbow trout
(Oncorhynchus | 96 hours LCso 39 ECHA C2N987'
. 2013a
myKkiss)
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. Duration . Value
Test organism of test Endpoint (mg/L) Reference
Golden orfe ECHA c2007-
(Leuciscus idus) 96 hours LCs0 53 2013aMR
Zebrafish
(Brachydanio | 96 hours LCso 42 E%'glAg‘;%(,iQ?'
rerio)
Zebrafish
(Brachydanio 96 hours LCso 65 E%gf:;;%?\g?_
rerio)

Abbreviations: NAR, not available for review; ECso, the concentration of a substance that is estimated to cause some
effect on 50% of the test organisms; LCs, the concentration of a substance that is estimated to be lethal to 50% of
the test organisms; NOEC, the no observed effect concentration is the highest concentration in a toxicity test not
causing a statistically significant effect in comparison to the controls; LOEC, the low observed effect concentration is
the lowest concentration in a toxicity test that caused a statistically significant effect in comparison to the controls.
*This endpoint was chosen as the critical toxicity value (CTV). On the basis of a robust study summary, the study was
found to be reliable (Environment Canada 2013).

Table 7-2. Summary of empirical data for aquatic toxicity from studies for pMDA

. Duration . Value
Test organism of test Endpoint (mg/L) Reference
Green algae
ECso ECHA c2007-
(Desmo.desmus 72 hours (growth rate) 11 2013aNAR
subspicatus)
Green algae ECso i
(Desmodesmus | 72 hours (biomass E%gf:;;%?\g?
subspicatus) increase) 9.8
Water flea NOEC Study Submission
(Daphnia 48 hours , bilizat 0.273 2012f; ECHA c2007-
magna) (immobilization) 2013b
Water flea EC Study Submission
(Daphnia 48 hours | . .|.5° . 0.570 2012f; ECHA ¢2007-
magna) (immobilization) 2013b
Water flea EC Study Submission
(Daphnia 48 hours | . b'Il'OO : 1.24 2012f; ECHA ¢c2007-
magna) (immobilization) 2013b
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. Duration , Value
Test organism of test Endpoint (mg/L) Reference
Water flea NOEC Study Submission
(Daphnia 48 hours i 0.1 2012g; ECHA c2007-
magna) (mortality) 2013b
Water flea EC Study Submission
(Daphnia 48 hours 5;). >0.1<1 | 2012g; ECHA c2007-
magna) (mortality) 2013b
Water flea EC Study Submission
(Daphnia 48 hours 1°|9 1 2012g; ECHA ¢2007-
magna) (mortality) 2013b

Abbreviations: NAR, not available for review; ECso, the concentration of a substance that is estimated to cause some
effect on 50% of the test organisms; EC100, the concentration of a substance that is estimated to cause some effect
on 100% of the test organisms; NOEC, the no observed effect concentration is the highest concentration in a toxicity
test not causing a statistically significant effect in comparison to the controls.

7.1.1.2 Empirical studies for other environmental compartments
Soil

The soil compartment is a receiving medium for MDA substances. Soil deposition of
MDIs and subsequent conversion to polyureas and MDA is considered to be the main
source of MDA in this environmental compartment. Given its physical-chemical
properties and modelled environmental fate, MDA could be found in soil if released
directly into the environment. Modelled EQC results presented in Table 6-1 in the
Environmental Fate section show that when MDAs are released to air, most will in turn
be deposited in soil. Furthermore, when MDA substances are released to soil, nearly all
of the substances are expected to remain in this compartment.

Empirical studies for the monomer 4,4-MDA have been conducted for soll
microorganisms, invertebrates and two plant species. Similar studies assessing
ecotoxicological effects in soil organisms were not located for pMDA. Available soil
toxicity studies for 4,4'-MDA are summarized in Table 7-3.

Ecotoxic effects of 4,4-MDA on nitrogen-fixing bacteria were investigated in a 2013
study performed according to OECD Guideline 216 (Soil Microorganisms: Nitrogen
Transformation Test) (Schwarz 2013) over 28 days. Soil samples consisted of loamy
sand and were collected from a site that had not been cultivated for the previous 4
years and that had not been subject to applications of fertilizers, pesticide or herbicide
products during those years. The effect of ammonium reduction was not observed at the
4,4'-MDA concentrations tested and a NOEC value of greater than 1000 mg/kg soil was
therefore assigned. It was concluded by the authors that results of this study suggested
that nitrificating bacteria were not inhibited by the test substance (Schwarz 2013).
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Ecotoxicological effects of 4,4-MDA were determined in a soil arthropod, the springtail
(Folsomia candida) (Moser 2011). In a 2011 study performed according to OECD
Guideline 232 (Collembolan Reproduction Test in Soil), the effects of long-term
exposure of 4,4-MDA on reproduction were determined. The 28-day NOEC and ECs
values for reproductive effects were reported as 562 and 910 mg/kg soil (dw),
respectively. The results of this study suggested that 4,4-MDA exhibited low toxicity to
the springtail.

Ecotoxicological effects of 4,4'-MDA were determined in a soil invertebrate, the
earthworm Eisenia fetida, first in 1992 according to OECD Guideline 207 (Earthworm,
Acute Toxicity Tests) (Study Submission 2012h) and more recently in 2012 according to
OECD Guideline 222 (Earthworm Reproduction Test) (Hamberger and Moser 2012). In
the acute toxicity study, earthworms were exposed to the test substance mixed with
artificial soil for a period of 14 days (Study Submission 2012h). Reported results were
an LCs value of 444 mg/kg soil and NOEC values for behaviour/appearance, weight
increase/decrease, and mortality of 56, 32, and 180 mg/kg soil, respectively. In the long-
term 56-day study also using artificial soil, the NOEC and EC,q values for effects on
reproduction were determined as less than 18 mg/kg soil (dw) and 11.2 mg/kg soil (dw),
respectively. The results of these two studies indicated that 4,4'-MDA is moderately
toxic to earthworms.

Effects on seedling emergence, growth, and survival were studied in two plant species
representative of the monocot and dicot plant groups: oats (Avena sativa) and lettuce
(Lactuca sativa) (van der Hoeven et al. 1992).

In the study with oats, the NOEC for seedling emergence was reported as 320 mg/kg
soil (dw) following 17 days of exposure. The 14-day NOEC and ECs, values for growth
rate were determined as 100 and 353 mg/kg soil (dw), respectively. Lastly, the 14-day
NOEC value for survival exceeded the highest concentration tested and was reported
as greater than or equal to 1000 mg/kg soil (dw). In the study using lettuce, the NOEC
for seedling emergence was reported as 100 mg/kg soil (dw) following 17 days of
exposure. The NOEC and ECs, values for growth rate were determined as 10 and 128
mg/kg soil (dw), respectively, following 14 days of exposure. As in the oats study, the
14-day NOEC value for survival also exceeded the highest concentration tested and
was reported as greater than or equal to 1000 mg/kg soil (dw). Both plant studies
suggest that 4,4'-MDA has a moderate soil toxicity following two weeks of exposure.

In summary, 4,4-MDA appears to exhibit low to moderate toxicity to soil organisms and
plants. The earthworm was the most sensitive species to 4,4'-MDA, particularly with
from the long-term exposure. In addition, two plant species were tested, oats and
lettuce, and results from these studies suggested a similar sensitivity between the two
plant species to 4,4'-MDA exposure.

Table 7-3. Summary of empirical data for soil toxicity from studies for 4,4-MDA
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Duration value
Test organism of test Endpoint (mg/kg dry Reference
soil)
Soil inoculum NOEC
(nitrogen-fixing 8 days : . >1000 Schwarz 2013
bacteria) (ammonium reduction)
Springtail .
(Folsomia 28 days NOEC; ECso 562 Moser 2011
candida) (reproduction)
Springtail .
(Folsomia 28 days NOE%’ ECso 909.9 Moser 2011
candida) (reproduction)
Hamberger
Earthworm NOEC
(Eisenia fetida) 14 days (weight increase) 32 and Moser
2012
56 Hamberger
_Ear_thwo_r m 14 days . NOEC and Moser
(Eisenia fetida) (behaviour/appearance) 2012
Hamberger
Earthworm NOEC
(Eisenia fetida) 14 days (mortality) 180 and Moser
2012
Hamberger
Earthworm
o . 14 days LCso 444 and Moser
(Eisenia fetida) 2012
Hamberger
(EiEsaeI;t]?za\lAqﬁzrt:ga) 56 days (repl:lo(()jlj((::tion) <18 and Moser
2012
Hamberger
Earthworm 56 days ECio 11.2* and Moser
(Eisenia fetida) (reproduction)
2012
Oat van der
(Avena sativa) 14 days NOEC 100 Hoeven et al.
(growth)
1992
van der
Oat 14 days ECso 353 Hoeven et al.
(Avena sativa) (growth) 1992
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Duration value
Test organism Endpoint (mg/kg dry Reference
of test .
soil)
van der
Oat 14 days NOEC > 1000 Hoeven et al.
(Avena sativa) (survival) 1992
van der
Oat . 17 days . NOEC 320 Hoeven et al.
(Avena sativa) (seedling emergence) 1992
van der
Lettuce . 14 days NOEC 10 Hoeven et al.
(Lactuca sativa) (growth)
1992
Lettuce EC van der
. 14 days >0 128 Hoeven et al.
(Lactuca sativa) (growth)
1992
Lettuce van der
. 14 days NOEC (survival) >1000 Hoeven et al.
(Lactuca sativa)
1992
Lettuce NOEC 100 van der
. 17 days . Hoeven et al.
(Lactuca sativa) (seedling emergence) 1992

Abbreviations: ECsg, the concentration of a substance that is estimated to cause some effect on 50% of the test
organisms; ECo, the concentration of a substance that is estimated to cause some effect on 10% of the test
organisms; LCso, the concentration of a substance that is estimated to be lethal to 50% of the test organisms;

NOEC, the no observed effect concentration is the highest concentration in a toxicity test not causing a statistically

significant effect in comparison to the controls; LOEC, the low observed effect concentration is the lowest
concentration in a toxicity test that caused a statistically significant effect in comparison to the controls.
* This endpoint was chosen as the critical toxicity value (CTV).

Sediment

Given the physical-chemical characteristics of MDA and its predicted environmental
fate, sediment could be a receiving medium of the substance upon its release to the

environment. Oligomeric components of pMDA show a higher affinity for sediments than
the monomeric MDA. According to the EQC (2011) modelling (Table 6-1), nearly 30% of

4,4'-MDA and over 90% of the MDA oligomers are expected to partition to sediment
upon release of 4,4'-MDA or pMDA to water. Partitioning to sediment from air is also
expected, particularly for those pMDA oligomers with increased numbers of carbon

rings (n greater than 3).

Toxicity of 4,4'-MDA was established in a number of sediment-dwelling species,
including invertebrates and crustaceans. Unpublished ecotoxicological study reports
conducted between 2000 and 2005 addressed toxicity of 4,4-MDA to the non-biting
midge (Chironomus riparius), the blackworm (Lumbriculus variegatus), and a
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crustacean (Hyalella azteca) (Egeler and Ginzburg 2001; Egeler 2002; Egeler and
Gilberg 2005). Key ecotoxicological endpoints for the tested species are summarized in
Table 7-4. The sediment toxicity profile of 4,4'-MDA based on the chronic 28-day
exposure of different species suggests that this substance is moderately toxic to the
organisms tested.

Two studies testing chronic effects of 4,4-MDA in the blackworm, L. variegatus, were
carried out in 2001 and 2002 (Egeler and Ginzburg 2001; Egeler 2002). Endpoints
studied included mortality, reproduction and biomass. It is noted that the results from
the two studies showed variable sensitivity of the blackworm to exposure to 4,4-MDA,
with an approximately 10-fold difference in the toxicity level in the parallel endpoints.
This lack of correspondence in the study results could be attributed to the differences in
the experimental protocols of each study; both studies relied on the Phipps et al. (1993)
method, but the 2002 study also followed OECD Guideline 218 (Sediment-Water
Chironomid Toxicity Using Spiked Sediment). Overall, however, L. variegatus was
observed to be the most sensitive species to 4,4'-MDA exposure, and the most sensitive
endpoint was the LOEC of 3.75 mg/kg sediment (dw) for effects on biomass (Egeler
2002). The peat content of sediment used in the Egeler (2002) test was 5% (dry
weight). Analysis of the test material was deemed not necessary, and the results are
therefore based on nominal concentrations. The biomass, based on worm tissue dry
weight and on ash-free dry weight, was significantly reduced in all treatments,
compared to the control, as determined by analysis of variance (ANOVA) and
subsequent Dunnett’'s T-test (p < 0.05).
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Table 7-4. Summary of empirical data for sediment toxicity to invertebrates from

4,4'-MDA
Test organism D(;Jfr?:sotn Endpoint Value (mg/kg) Reference
Non-biting
midge
. NOEC Egeler and
(Cnggﬂagus 28 days (emergence ratio) 500 Gilberg 2005
Non-biting
midge LOEC Egeler and
(Chironomus 28 days (emergence ratio) 1000 Gilberg 2005
riparius)
Non-biting
midge ECso Egeler and
(Chironomus 28 days (emergence ratio) 849 Gilberg 2005
riparius)
Non-biting
midge NOEC Egeler and
(Chironomus 28 days (development rate) > 1000 Gilberg 2005
riparius)
Non-biting
midge LOEC Egeler and
(Chironomus 28 days (development rate) > 1000 Gilberg 2005
riparius)
Blackworm
(Lumbriculus 28 days NOEC.: > 60 Egeler 2002
I
variegatus) (mortality)
Blackworm NOEC
(Lumbriculus 28 days . 3.75 Egeler 2002
variegatus) (reproduction)
Blackworm EC
umbriculus ays . . geler
(Lumbricul 28 d >0 14.1 Egeler 2002
variegatus) (reproduction)
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Duration

Test organism of test Endpoint Value (mg/kg) Reference
Blackworm NOEC
(Lumbriculus 28 days . <3.75 Egeler 2002
variegatus) (biomass)
Blackworm
(Lumbriculus 28 days (bli_oomEais) 3.75* Egeler 2002
variegatus)
Blackworm EC
(Lumbriculus | 28 days bi 50 42.6 Egeler 2002
variegatus) (biomass)
Blackworm NOEC Egeler and
(Lumbriculus 28 days (reproduction) 25.2 Ginzburg
variegatus) P 2001
Blackworm LOEC Egeler and
(Lumbriculus 28 days (reproduction) 50.3 Ginzburg
variegatus) P 2001
Blackworm NOEC Egeler and
(Lumbriculus 28 days (biomass) 50.3 Ginzburg
variegatus) 2001
Blackworm LOEC Egeler and
(Lumbriculus 28 days (biomass) 100.7 Ginzburg
variegatus) 2001
Blackworm EC Egeler and
(Lumbriculus | 28 days (biomzjss) 81 Ginzburg
variegatus) 2001
Amphipod
crustacean NOEC Egeler and
(Hyalella | 28days (mortality) 41.3 Gilberg 2005
azteca)
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Test organism Duration Endpoint Value (mg/kg) Reference
of test

Amphipod

crustacean LOEC Egeler and
(Hyalella 28 days (mortality) 90.9 Gilberg 2005
azteca)

Amphipod

crustacean ECso Egeler and
(Hyalella 28 days (mortality) 117.9 Gilberg 2005
azteca)

Amphipod

crustacean 28 davs NOEC Egeler and
(Hyalella y (amphipod length) 90.9 Gilberg 2005
azteca) '

Amphipod

crustacean LOEC Egeler and
(Hyalella | 2893 | (amphipod length) 200 Gilberg 2005
azteca)

Amphipod

crustacean NOEC Egeler and
(Hyalella | 2893 | (otal biomass) 90.9 Gilberg 2005
azteca)

Amphipod

crustacean LOEC Egeler and
(Hyalella | 2893 | (otal biomass) 200 Gilberg 2005
azteca)

Amphipod

crustacean ECso Egeler and
(Hyalella | 2893 | (6ta) biomass) 134.8 Gilberg 2005
azteca)

Abbreviations: ECsp, the concentration of a substance that is estimated to cause some effect on 50% of the test
organisms; LCso, the concentration of a substance that is estimated to be lethal to 50% of the test organisms; NOEC,
the no observed effect concentration is the highest concentration in a toxicity test not causing a statistically significant
effect in comparison to the controls; LOEC, the low observed effect concentration is the lowest concentration in a
toxicity test that caused a statistically significant effect in comparison to the controls.
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* This endpoint was chosen as the critical toxicity value (CTV).
Wildlife

Mammals

Reports of studies addressing toxicity of MDA or pMDA to wild terrestrial mammals
were not located in the published literature or from unpublished sources. However,
laboratory-bred species typically used in experimental models addressing human
health, such as rats and mice, are relevant to wild species. Numerous studies pertaining
to effects of MDAs in mice and rats are described in the Health Effects Assessment
section and in Health Canada (2013). These studies and established endpoints are
considered applicable to certain wild mammalian species such as shrews, field mice,
and other small mammals, as well as to other wildlife species with application of
appropriate scaling corrections.

Birds

Toxicity of 4,4'-MDA resulting from a short-term exposure to the substance in food was
established in the red-winged blackbird (Agelaius phoeniceus). In the study, wild-
trapped birds were preconditioned to captivity for 2 to 6 weeks and were usually dosed
by gavage with solutions or suspensions of the test chemical in propylene glycol or
occasionally by other oral dosing methods, including pellets or gelatin capsules. Since
this publication is a compilation of results for several hundred chemicals, experimental
details pertaining to 4,4'-MDA were not provided. Exposure duration was reported as 18
hours (ECHA ¢c2007-2013a). Endpoints determined in the study included the LDs for
acute oral toxicity and the avian repellency value Rsp. In addition, the acute avian
hazard index (also known as the repellency/toxicity index) was also calculated for
numerous chemicals to indicate the likelihood of acute oral poisoning occurrence in the
wild. The LDsq for 4,4-MDA was reported as 148 mg/kg, indicating a moderate toxicity
of the test substance. The Rsp was determined as greater than 1.00%. The hazard
factor was not calculated for 4,4-MDA, since the LDsp and Rso values were not
established in other bird species tested in the study, a key aspect in determining a
meaningful value or trend by the index. Key findings from the study for 4,4-MDA are
summarized in Table 7-5 below.

Table 7-5. Empirical data for toxicity for 4,4-MDA birds

Test organism Duration of | ngpoint Value Reference
test (mg/kg)
Red-winged
blackbird Schafer et al. 1983;
(Agelaius 18 hours LDso 148 ECHA ¢c2007-2013a
phoeniceus)

Abbreviations: LDsp, the dose, i.e., concentration of a substance that is estimated to be lethal to 50% of the test
organisms.

56



Screening Assessment MDI/MDA Substance Grouping

Overall, results from this study indicated that 4,4'-MDA is moderately toxic to birds
following short-term exposure through ingestion.

7.1.1.3 Derivation of the predicted no-effect concentration (PNEC)

Given the known sources and uses of MDA, soil is considered to be the main receiving
environmental compartment of these substances in Canada. For the soil compartment,
the long-term 56-day EC,o for reproduction of earthworm (Eisenia fetida) of 11.2 mg/kg
(dry soil) was the most sensitive valid experimental toxicity value and was therefore
selected as the critical toxicity value (CTV). The predicted no-effect concentration
(PNEC) was determined by dividing this value by an assessment factor of 10 (to
account for interspecies and intraspecies variability in sensitivity), resulting in a value of
1.1 mg/kg (dry soil).

In Canada, given the known use and release patterns of 4,4'-MDA and pMDA, water is
not expected to be a significant receiving medium for either substance. As a result,
exposure to aquatic organisms is not expected. However, considering the importance of
the aquatic compartment in the environment and the observations of high toxicity to
certain aguatic organisms from exposure to MDA, an aquatic PNEC value was also
derived. The 21-day ECsg value of 0.0149 mg/L determined in D. magna (Mitsubishi
Chemical Safety Institute 2002b) is considered to be the CTV for MDA in the aquatic
compartment. An application factor of 10 was applied to this CTV value (to account for
interspecies and intraspecies variability in sensitivity), resulting in an aquatic PNEC of
0.0015 mg/L.

Similarly, a PNEC was also derived for the sediment compartment given that MDA
exhibits low to moderate toxicity to certain benthic organisms. The CTV for MDA in
sediment is considered to be the LOEC value of 3.75 mg/kg (dry sediment) for the
blackworm (Lumbriculus variegatus) (ECHA c2007-2013a). A PNEC for sediment was
derived by dividing this CTV by an application factor of 10 (to account for interspecies
and intraspecies variability in sensitivity), resulting in a value of 0.375 mg/kg.

PNECSs derived in this section are applicable to both 4,4'-MDA and pMDA.

A PNEC for wildlife was not developed. Typically 4,4-MDA and pMDA do not distribute
to air, and for that reason inhalation is not expected to be an exposure route for wildlife.
These substances have low bioaccumulation potential, so wildlife exposure through the
diet is also unlikely.

7.1.1.4 Summary of ecological effects of MDA
A moderate to high toxicity was observed for 4,4'-MDA and pMDA in aquatic organisms
for both acute and chronic experimental exposures. Low to moderate toxicity to

sediment-dwelling invertebrates, terrestrial plants, soil invertebrates, and birds was
observed from acute and chronic studies.
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7.1.2 MDIs

MDI substances in the MDI/MDA Substance Grouping include three monomers (4,4'-
MDI, 2,4'-MDI, and 2,2'-MDI) and two mixtures (mixed MDI and oligomeric MDI (pMDI)).
Empirical studies addressing toxicity of MDI substances to aquatic, terrestrial and
sediment species were conducted for two substances in the MDI/MDA Substance
Grouping: 4,4'-MDI and pMDI. Empirical studies for substances 2,4'-MDI, 2,2'-MDI, and
mixed MDA were not identified in the published literature or from unpublished sources.
However, given that 2,4'-MDI and 2,2"-MDI are very similar isomers of 4,4'-MDI, differing
only in the positioning of either one or two isocyanate groups from the para to ortho
position on the carbon rings, empirical data for 4,4'-MDI can be used as read-across for
both 2,4'-MDI and 2,2'-MDI. A similar approach can be taken for mixed MDI, since itis a
mixture of all three MDI monomers, 2,2'-MDI, 2,4'-MDI, and 4,4'-MDI.

On contact with water, MDI substances hydrolyze readily, forming polyureas, carbon
dioxide and small amounts of MDA. In the numerous studies addressing the fate and
effects of pMDI in water, polyureas are described as inert and biologically inactive
compounds (Sendijarevic et al. 2004). Toxic effects to aquatic and benthic organisms
associated with polyureas were indirect and resulted from the formation of polyurea
layers that covered the sediment (see Empirical Studies for Other Environmental
Compartments section).

Polyureas have high molecular weights and very low water solubilities, and
bioavailability to the aquatic organisms is therefore expected to be limited. Ecotoxic
effects stemming from exposure to oligomeric components of pMDI or the polymeric
hydrolysis reaction products are expected to be less than and not exceed the effects
from the monomeric components.

Toxic effects of 4,4'-MDA and pMDA (i.e., residual products of 4,4'-MDI and pMDI
hydrolysis), determined through empirical studies on aquatic organisms, are discussed
in the MDA section above. Evolution of carbon dioxide stemming from reaction of large
guantities of pMDI, presumably in a spill situation, was shown to potentially create toxic
microhabitats resulting in ecotoxic effects, especially in immobile benthic species.
These effects are discussed in more detail in the Empirical Studies in Other
Environmental Compartments section below.

7.1.2.1 Empirical studies for the aguatic compartment

MDI substances are highly reactive on contact with water because of the presence of
isocyanate groups. pMDI is known to quickly hydrolyze to form polyureas, small
amounts of MDAs, and carbon dioxide. However in laboratory tests, hydrolysis rates
were observed to vary depending on the experimental conditions (Yakabe et al. 1999).
Overall, it is expected that MDI substances will react rapidly in water, resulting in only a
transient presence in the water medium and without building up to significant
concentrations in the surrounding medium.
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4,4'-MDI and pMDI were tested experimentally using several aquatic species, such as
green algae, microorganisms, aquatic invertebrates, and fish. Fewer studies were
available for 4,4’-MDI, as pMDI appears to have been tested more readily in
ecotoxicological studies (study results for 4,4-MDI and pMDI are summarized in Tables
7-6 and 7-7, respectively). Since pMDI is composed of approximately 50% 4,4'-MDI
(see ldentity of Substances section), results from studies testing pMDI can also be used
as read-across for 4,4'-MDI. Effects of pMDI from a simulated accidental pollution event
were also studied using artificial ponds, or mesocosms, that contained organisms from
different trophic levels, including phytoplankton, zooplankton, macrobenthos, fish and
macrophytes (Heimbach et al. 1996).

Three studies for 4,4'-MDI, conducted in 1977, are summarized on the European
Chemicals Agency website (ECHA ¢c2007-2013c). Species tested included two
invertebrates (a water flea [D. magna] and a snail [Limnea stagnalis]), and one fish
(zebrafish [B. rerio]). Available study summaries lacked experimental details, and
neither the test concentrations of 4,4'-MDI nor the experimental protocols were
described (ECHA c2007-2013c). In all three studies, the preparations of the test
substance were found to undergo a heterogenous reaction, with precipitation of an
insoluble hydrolyzed reaction product. 4,4-MDA was detected in the test water at
approximately 4 mg/L after the test. The 24-hour NOEC was the only value reported in
all three studies and was the same for the three species tested, i.e., greater than or
equal to 500 mg/L (ECHA c2007-2013) (see Table 7-6).

Toxic effects of pMDI were established in green algae (D. subspicatus) in a study
conducted in 1994 according to OECD Guideline 201 (Alga, Growth Inhibition Test).
This study is summarized on the European Chemicals Agency website (ECHA ¢2007-
2013c). pMDI was tested at only a single concentration of 1640 mg/L, and after 3 days
of exposure no growth inhibition of algae was observed. The NOEC and ECso were
therefore assigned as greater than or equal to 1640 mg/L, and greater than 1640 mg/L,
respectively (see Table 7-7). Compositional information of pMDI was not provided in the
study summary (ECHA c2007-2013c).

A 1986 unpublished study addressing effects of pMDI in microorganisms (from activated
sludge), water flea (D. magna) and zebrafish (B. rerio) was submitted to Environment
Canada (Caspers et al. 1986). In addition to the ecotoxicological effects of pMDI, the
influence of pMDI dispersion in the test medium on its toxic behaviour was
demonstrated in the study with D. magna. Generally, in all tests, pMDI could not be
dispersed sufficiently and uniformly in the water, likely due its tendency to hydrolyze and
form solid polyurea (Caspers et al. 1986). When dispersed using a high-speed shearing
method, pMDI was at least an order of magnitude more toxic to D. magna than when
dispersed using a magnetic stirrer. Therefore, efficiency of dispersion of pMDI in water
appeared to influence its potential to cause adverse effects in the exposed organisms.
However, it is noted that high-speed shearing is not representative of typical
environmental conditions or practical situations.
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Effects on the respiration rate of microorganisms found in activated sludge were
determined following exposure to pMDI at concentrations of 1, 10 and 100 mg/L for 3
hours (Caspers et al. 1986). pMDI was found not to be appreciably toxic to
microorganisms in activated sludge, as 0% inhibition of the respiration rate was
observed at the highest concentration tested. The ECs value for respiration inhibition
was therefore assigned as greater than 100 mg/L (Caspers et al. 1986) (see Table 7-7).

Acute and chronic toxic effects to waterflea (D. magna) were also determined (Caspers
et al. 1986). In the acute toxicity study, pMDI was tested using two methods of
dispersion of the test substance in the test medium. In one test, pMDI was dispersed in
water by high-speed shearing for 1 minute at concentrations ranging from 0.5 to 500
mg/L. In the second test, pMDI was dispersed in water using a magnetic stirrer for 30
minutes, and at concentrations ranging from 20 to 1000 mg/L. The 96-hour ECs value
of 130 mg/L for immobilization was calculated from the first set of data when the test
substance was dispersed by the high-speed shearing method. An ECs, value could not
be determined from the second test as adverse effects were not observed in D. magna
at the highest concentration tested. As mentioned above, this result suggested that
efficiency of pMDI dispersion in the test medium influences its potential to cause
adverse effects in the test organism.

In the chronic study, reproductive effects of pMDI were studied in D. magna at
substance test concentrations of up to 10 mg/L (Caspers et al. 1986). The test
substance was dispersed in water by slight stirring with a glass rod and a magnetic
stirrer for 1 hour. No negative effects on reproduction were detected following 21 days
of exposure at the highest pMDI concentration tested of 10 mg/L. Consequently, the
NOEC value for reproduction was assigned as greater than 10 mg/L.

Finally, acute toxic effects of pMDI in the zebrafish were also determined in this study
(Caspers et al. 1986). pMDI was tested at concentrations of up to 1000 mg/L and was
dispersed in the test media by stirring. Formation of solid droplets, thought by the study
authors to be undissolved test material, was observed, and it was noted that they
provoked curiosity of the fish. Mortality was not observed at the highest pMDI
concentration tested of 1000 mg/L following 96 hours of exposure. Therefore, the NOEC
was reported as greater than 1000 mg/L. However, it was generally noted that harmful
effects on fish caused by oral ingestion or by mechanical damage of sensitive body
tissues (e.g., gills) could not be excluded. Specific examples of such effects and the
number of fish affected were not provided in the study report (Caspers et al. 1986).

Acute toxicity of pMDI was also previously determined in a 1982 study using the
Japanese rice fish (O. latipes). The study is summarized on the European Chemicals
Agency website (ECHA c2007-2013c). In this study, pMDI was tested according to a
Japanese protocol, Nichi-Nou-Sei B2735, in semi-static conditions. pMDI was tested at
3000 mg/L (reported as ppm). The test substance was dispersed in water by stirring,
and precipitation to the bottom of test vessels was observed. It was also noted that 2
hours after addition of pMDI to the test medium, white powder appeared on the water
surface and attached to fins of fish. No mortality was observed in the test fish. The

60



Screening Assessment MDI/MDA Substance Grouping

NOEC was reported as greater than 3000 mg/L following 48-, 72- and 96-hour exposure
to pMDI (ECHA c2007-2013c).

Overall, results from aquatic toxicity studies presented in Tables 7-6 and 7-7 suggest
that neither 4,4’-MDI nor pMDI are appreciably toxic to aquatic species following acute
exposure. Toxic effects are increased when pMDI is dispersed efficiently in the test
medium, as was demonstrated by the use of different dispersion methods in the acute
D. magna study (Caspers et al. 1986). Lastly, consistent results for acute toxicity were
observed in the two fish species tested, the zebrafish and Japanese rice fish, indicating
a similar level of sensitivity to the test substance in the two fish species.

It is expected that these observations would also hold for the other MDI substances in
the MDI/MDA Substance Grouping, mixed MDI and monomers 2,2-MDI and 2,4'-MDI,
given the structural similarities of the substances in the grouping.

Table 7-6. Summary of empirical aquatic toxicity data for 4,4'-MDI

Test organism Dgfr?élsotn Endpoint (\r/naglgl;I_e) Reference
(Da\s{]ﬁgrﬂlzzna) 24 hours NOEC >500 | Caspers etal. 1986
Snail
(Limnea 24 hours NOEC >500 5(32'3’1*3‘;%287'
stagnalis)
Zebrafish
(Brachydanio 24 hours NOEC =500 Caspers et al. 1986
rerio)

Abbreviations: NAR, not available for review; NOEC, the no observed effect concentration is the highest
concentration in a toxicity test not causing a statistically significant effect in comparison to the controls.
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Table 7-7. Summary of empirical aquatic toxicity data for pMDI

Test organism D:fr?élscin Endpoint (\r/naglgl;I_e) Reference
ECso
Activated Caspers et al. 1986,
sludge 3 hours (respiration >100 ECHA c2007-2013c
inhibition)
NOEC; ECs 1640:
Green algae > 1640
(Desmodesmus | 3 days (growth rate) ECHA c2007-2013cMR
subspicatus)
Water flea ECso
: Caspers et al. 1986,
(Daphnia %hours | 130 ECHA c2007-2013¢
magna) (immobilization)
Water flea NOEC
(Daphnia 21 days >10 Caspers et al. 1986
magna) (reproduction)
Japanese rice
P fish 48-96 NOEC NAR
: > 3000 ECHA c2007-2013c
(Oryzias hours (mortality)
latipes)
Zebrafish NOEC
(Brachydanio 96 hours > 1000 Caspers et al. 1986
rerio) (mortality)

Abbreviations: NAR, not available for review; ECsg, the concentration of a substance that is estimated to cause some
effect on 50% of the test organisms; NOEC, the no observed effect concentration is the highest concentration in a
toxicity test not causing a statistically significant effect in comparison to the controls.

* This endpoint was chosen as the critical toxicity value (CTV).

A series of acute exposure studies to pMDI on mollusks, crustaceans, and fish were
briefly described in Brochhagen and Grieveson (1984). Results from these studies are
not featured in Table 7-7 because experimental details provided in the publication were
sparse. Snails, daphnids, and fish were exposed to pMDI at a single concentration of
500 mg/L for 24 hours. For all three species, LCso values were reported to be greater
than 500 mg/L. Carp were also exposed to a lower concentration of pMDI of 10 mg/L
(reported as 0.001% pMDI) for 35 days. It was reported that the test fish showed signs
of behaviour disturbance, 7 fish died and one was sacrificed throughout the course of
the study. Upon histological examination, no systemic effects on the liver or kidney were
noted. However, the fish showed evidence of integument irritation, which was thought to
favour the entry of pathogens (Brochhagen and Grieveson 1984). It is noted that effects
observed in carp following the longer term 35-day exposure to pMDI are more intense
than those observed in the short-term studies in fish exposed to much higher pMDI
concentrations (see Table 7-7 above).
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In addition to the laboratory studies conducted to study pMDI effects on individual
aqguatic species (see Table 7-7), broader studies investigating the effects of pMDI on
aquatic ecosystems have been done. The goal of these studies was to evaluate effects
of pMDI stemming from environmental spills (Heimbach et al. 1996; Brochhagen and
Grieveson 1984).

According to Brochhagen and Grieveson (1984), experiments were carried out where
pMDI (reported to be composed of a mixture of monomeric MDI with oligomers) was
added at the concentration of 50 mg/L (reported as 0.005% MDI) to marine and river
model systems. MDI was observed to rapidly convert to polyureas. Concentrations of
MDI and corresponding amines were monitored over 30 days; MDI concentration fell to
5% of the initial value within one day, and amine concentrations were typically 0.4%
less than the theoretical amount of diamine that would be produced by total hydrolysis
of diisocyanate. It was reported that all forms of zooplankton and phytoplankton were
reduced in number, except the photosynthetic chlorophyta. The maximum reduction in
number reached 75% and occurred about 10 days after MDI treatments (Brochhagen
and Grieveson 1984).

In a more recent study, effects of a simulated accidental pollution event with pMDI in the
aguatic environment were investigated by means of artificial ponds (Heimbach et al.
1996). The artificial ponds were designed to model standing freshwater ecosystems and
included natural lake sediment.

Ponds were populated with a number of planktonic and benthic species, a limited
number of fish (kept in cages to maintain the prey-predator balance), and macrophytes
to establish natural communities with prey and predator conditions. Two ponds were
treated with pMDI at concentrations of 1000 and 10 000 mg/L, and the third pond was
left untreated to serve as a control. Ponds were investigated for a period of 112 days.
pMDA was reported to be composed of approximately 45% of 4,4'-MDI, as well as
higher homologs and isomers and appeared as a viscous liquid that, when applied to
the ponds, reacted with water to produce polyureas and carbon dioxide and formed a
uniform layer on top of the sediment (Heimbach et al. 1996). At the end of the study,
measurements of MDI and MDA in pond waters were below the analytical detection
level of 0.004 to 0.01 mg/L (4 to 10 pg/L). Effects on the mesocosm organisms,
including phytoplankton and zooplankton communities, and on a variety of species of
fish and macrophytes were observed. Application of pMDI at rates up to 10 000 mg/L,
representative of a spillage scenario, was observed to cause moderate, but transient,
biological effects on the exposed aquatic species. Hydrolysis of pMDI resulted in
changes in the pond water chemistry, and the new conditions enhanced the growth of
certain phytoplankton groups and macrophytes and, in turn, increased oxygen
production in the ponds. However, at the highest concentration tested, an imbalance in
the ecosystem prey-predator relationships was noted where changes in the water
chemistry and phytoplankton populations affected zooplankton, which had detrimental
effects on the top predator, the rainbow trout. Overall, it is expected that an affected
aquatic system should recover quickly, even though a spillage could result in some
alteration of species composition over a limited area (Brochhagen and Grieveson 1984).
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Effects in benthic organisms were also observed and these are discussed in the
sediment subsection of section 7.1.2.2.

7.1.2.2 Empirical studies for other environmental compartments

Soil

Given that MDI substances are highly reactive in water, it is expected that in soil, where
a degree of moisture is prevalent, they will undergo a hydrolysis reaction, forming
polyureas, some MDAs and carbon dioxide. Therefore, as with the water compartment,
it is expected that MDI substances will have a transient presence in soil, without building
up to significant concentrations.

Effects of pMDI were determined for the earthworm Eisenia fetida in a 1992 study
conducted according to OECD Guideline 207 (Earthworm, Acute Toxicity Test) (Study
Submission 2012h). The test substance was reported to consist of 40 to 50% of 4,4'-
MDI, 2 to 4% of 2,4'-MDI, and 40 to 60% of the 3-ring isomers, as well as traces of
impurities. This study is also summarized on the European Chemicals Agency website
(ECHA ¢c2007-2013c) and is associated with CAS RN 9016-87-9. Earthworms were
exposed to the test substance at a concentration of 1000 mg/kg (dry soil) for 14 days in
artificial soil. The NOEC values were estimated by comparing effects on mortality and
weight as well as the visual assessment of the behaviour and appearance of the
exposed animals with those of the control animals. No effects on mortality, weight
increase, or behaviour and appearance were observed after 14 days of exposure to
pMDI. Therefore, the NOEC values for the ecotoxicological endpoints were assigned as
greater than or equal to 1000 mg/kg dry soil (See Table 7-8). It was noted in the study
that since MDI reacts with water, the absence of effects may have been due to its
disappearance from the test medium (Study Submission 2012h).

Ecotoxic effects of pMDI were also studied in two plant species: oats (Avena sativa) and
lettuce (Lactuca sativa) (van der Hoeven et al. 1992). The study was conducted
according to OECD Guideline 208 (Terrestrial Plants Test: Seedling Emergence and
Seedling Growth Test) and effects on seedling emergence, growth, and survival were
examined over 14 days. The pMDA used in the study was reported to be composed of
40 to 50% of 4,4'-MDl, 2 to 4% 2,4'-MDI, and 40 to 60% 3-ring isomers. The test
substance was applied at only one concentration of 1000 mg per kg of dry soil. Test
samples were prepared in steps, where coarse sand was first coated with pMDI
previously mixed with acetone. The acetone was then removed by drying for two days in
the fume hood, following which pMDI containing sand was mixed in a 1:1 ratio with
agricultural soil to reach the desired sample concentration of 1000 mg/kg dw.
Demineralized water was added (ratio 1:1 on weight basis), and the final moisture
content was 50%. Soil pH remained at 6.3 to 6.4 throughout the study. Results of the
tests indicated that exposure of oats and lettuce to pMDI at the test concentration of
1000 mg/kg dw did not cause significant effects on the parameters studied. The ECsg
and NOEC values for seedling emergence, growth, and survival were determined to be
greater than or equal to 1000 mg/kg (dry soil). Therefore, this study suggests, on the

64



Screening Assessment MDI/MDA Substance Grouping

basis of a sub-chronic exposure of two weeks, that pMDI is likely to be of low toxicity to
plants.

Table 7-8. Summary of empirical soil toxicity data for pMDI

. Duration . value
Test organism Endpoint (mg/kg dry Reference
of test .
soil)
>
NOEC (mortality, = 1000 Study
Earthworm 14 da weight increase, or Submission
(Eisenia fetida ) y behaviour and 2012h, ECHA
appearance) c2007-2013c
14 day NOEC, ECs
Oat (gro(\glgé)élz\rlgEC van der Hoeven
(Avena sativa) emergence): > 1000 et al. 1992
NOEC (survival)
14 day NOEC, ECsg
Lettuce (gro(g/(teré)élz\rlgEC van der Hoeven
(Lactuca sativa) emergence): > 1000 et al. 1992
NOEC (survival)

Abbreviations: NOEC, the no observed effect concentration is the highest concentration in a toxicity test not causing
a statistically significant effect in comparison to the controls; ECs, the concentration of a substance that is
estimated to cause some effect on 50% of the test organisms

In summary, ecotoxicity studies were performed for a soil invertebrate, an earthworm,
and two plant species. Very low toxicity was observed in all studies after a short-term
exposure time of two weeks. Since pMDI is a very reactive substance, lack of effects in
soil could be the result of the rapid degradation and subsequent disappearance of pMDI
from the test samples. There was no indication in the available study summaries that
the concentration of the test substance was maintained throughout the course of both
studies, and test substance concentrations during and at the end of the study were not
provided.

Sediment

Effects of pMDI exposure on benthic organisms were studied in the context of an
accidental pollution event (Heimbach et al. 1996). In the study, artificial ponds, complete
with sediment and populated with aquatic and benthic organisms, were treated with high
pMDI concentrations of 1000 mg/L and 10 000 mg/L and studied for 112 days.

Application of pMDI to the artificial ponds, especially at the high dose of 10 000 mg/L,
had a severe effect on the populations of benthic organisms and affected both the
treated and untreated areas as the test substance continuously moved across the
sediment. Ecotoxic effects of pMDI were indirect; an MDI layer that formed over
sections of the sediment created microhabitats where organisms either starved as a
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result of physical obstruction or died due to the lack of oxygen or toxic levels of carbon
dioxide. The reacting pMDI caused the populations of the most abundant benthic
organisms—the Oligochaeta (Tubificidae and Naididae), Bivalvia and Diptera—to
become nearly eliminated in the high-dosed pond 7 to 14 days after treatment. Some
recovery of Tubificidae, Naididae and Diptera populations was observed. However, the
population of Bivalvia, whose life cycle is longer than those of other benthic species, did
not recover and was not detected anywhere in the high-dosed pond at the end of the
study. It was also noted that the mobile Gastropoda were not affected by the pMDI
treatment. In the low-dosed pond, benthic organisms in the untreated section of the
pond were not affected since only a minor fraction of the test substance and its reaction
products reached this area. Potential effects resulting from pMDI exposure in the
treated sections of the ponds were not described by Heimbach et al. (1996). However,
the MDI layer was larger in the treated section of the pond, covering approximately 30%
more of the sediment than in the untreated sections. Therefore, effects observed in the
treated sections are expected to be similar and likely more severe that those observed
in the untreated sections of the ponds.

In summary, when added to artificial ponds at high concentrations reflecting a spill
situation, pMDI was observed to form a hardened inert polyurea layer at the top of the
sediment. This had a severe impact on the exposed benthic organisms in the artificial
ponds, where the physical obstructions from the polyurea layer, lack of oxygen, and
toxic carbon dioxide concentrations created by the hydrolysis reaction of pMDI caused
several of the residing benthic populations to plummet. It is noted that in Canada,
environmental spills of MDIs occurred infrequently in the past several years (one in
1999 and one in 2001), were minor to moderate in nature, and did not result in
contamination of any aquatic systems. Given this information, exposure of benthic
organisms to MDIs as a result of an accidental spill is therefore not likely in Canada.

Wildlife

Mammals

Reports of studies addressing toxicity of MDI substances to wild terrestrial organisms
including mammals were not located in the published literature or from unpublished
sources. However, laboratory-bred species used in experimental models addressing
human health, such as rats and mice, are relevant to wild species. These data are
considered applicable to certain wild mammalian species, such as shrews, field mice,
and other small mammals, as well as to other wildlife species with application of
appropriate scaling criteria.

Because of the observed toxicity of MDI from exposure in air, subchronic and chronic
inhalation studies carried out in small mammals such as rats are of particular interest.
These studies and established effects are summarized in the Health Effects
Assessment section and in Health Canada (2013). Specifically, in studies by Reuzel et
al. (1990 and 1994a), the lowest observed adverse effect concentration (LOAEC) value
of 1 mg/m? was established on the basis of a chronic inhalation exposure of rats to
pMDI. Observed effects at this exposure concentration included respiratory tract effects
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(an increase of hyperplasia) in both the pulmonary and extrathoracic regions (see
Health Canada 2013).

7.1.2.3 Derivation of the PNEC

Potential exposure from inhalation of MDI substances in the MDI/MDA Substance
Grouping can be presumed given the known use and release patterns of these
substances in Canada. Therefore, a PNEC value was derived from the chronic LOAEC
value of 1 mg/m? (as the most sensitive valid experimental LOAEC for an animal
exposed to pMDI [Reuzel et al. 1990, 1994a] for rats) by dividing this value by an
assessment factor of 10 (to account for interspecies and intraspecies variability in
sensitivity), resulting in a value of 0.1 mg/m®. In the numerous rat studies, irreversible
adverse effects were observed from long-term exposures at the inhalation
concentrations of approximately 1 to 10 mg/m® (Hoymann et al. 1995; Reuzel et al.
1990, 1994a; Buschmann et al. 1996; Waalkens-Berendsen et al. 1992) (see Health
Canada 2013).

Limited toxicity data for pMDI substances in the grouping were available for water and
soil compartments. In water, only one acute ECsg value of 130 mg/L for daphnids was
available (see Table 7-7), and other studies indicated no effects at concentrations
tested. A rapid hydrolysis reaction of MDIs is expected on contact with water, resulting
in only a transient presence of pMDIs in the aquatic compartment. It is recognized that
ecotoxic effects from exposure to MDIs in water may be the result of contribution by
MDAs formed through hydrolysis. Nonetheless, considering the ECso of 130 mg/L as the
CTV of MDIs for the aquatic compartment and applying an assessment factor of 10 (to
extrapolate from short-term median effects to long-term no effects), a PNEC value of 13
mg/L is obtained. In soil, all studies showed no effects at concentrations tested (see
Table 7-8). Therefore, a PNEC value was not derived for this compartment.

PNECSs derived in this section are applicable to both MDI monomers and pMDI.
7.1.2.4 Summary of ecological effects of MDlIs

Overall, results from aquatic toxicity studies presented in Tables 7-6 and 7-7 suggest
that neither 4,4’-MDI nor pMDI are appreciably toxic to aquatic species following acute
and chronic exposure. Similarly, moderate toxicity from exposure to 4,4-MDI and pMDI
was observed in the mammalian studies (test organisms used in these studies can be
considered as surrogates to small terrestrial mammals). Low toxicity of pMDI exposure
on the soil organism, the earthworm, was observed. In contrast, pMDI was observed to
indirectly impact certain populations of benthic organisms in exposure studies
simulating accidental spill conditions. Although the impacts on select groups of
organisms, such as the immobile bivalves, were severe, they can be considered
transitory, as generally populations showed signs of recovery over time.
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It is expected that observations of the level of toxicity would be similar for the other
substances in the MDI subgroup (mixed MDI, and monomers 2,2-MDI and 2,4'-MDI),
given the structural similarities of these substances.

7.2 Ecological Exposure Assessment

Environmental monitoring data for MDA and MDI substances in the grouping have not
been identified in Canada. Canadian environmental concentrations of MDA and MDI
substances in the grouping have therefore been estimated on the basis of available
relevant information.

Data concerning the concentrations of some of the substances in the MDI/MDA
Substance Grouping in air, water and sediment have been identified for other countries
(see Appendix D).

Exposure characterization of MDA and MDI substances in the grouping is focused on
key exposure scenarios that stem from main environmental releases of these
substances. In general, the magnitude of releases is a direct function of the quantity of a
substance manufactured or used and its applicable emission factors. In cases where
industrial releases are similar in quantity to consumer and/or commercial releases, the
former normally results in higher levels of environmental exposure than the latter. This
is because industrial releases are concentrated at a limited number of sites while
consumer and/or commercial releases are dispersed across the country.

7.2.1 MDAs

In Canada, a small number of companies are known to blend an industrial product
containing 4,4'-MDA or pMDA, which is then sent for use in different industrial sectors.
The 4,4-MDA-containing blend is used only as a catalyst and is not present in the final
product. Following the use of the 4,4'-MDA-blended product, the spent solution is
recovered and sent for waste treatment (Environment Canada 2012a). Releases of 4,4'-
MDA to the environment are therefore considered to be minimal. pMDA-containing
blends are used as a coating for machine parts for industrial applications (Environment
Canada 2012a). The pMDA-coated machine parts are expected to be used in an
industrial setting for many decades, with negligible releases of pMDA to the
environment (Environment Canada 2012a). Therefore, the potential for environmental
releases of MDA substances or products containing MDAs during their processing and
application is minimal. Given this information and the very limited potential for
environmental releases in this case, it is considered that a quantitative exposure
scenario is not needed.

7.2.2 MDIs
Exposure to MDI substances (and MDA created through conversion of MDI) was

estimated in the form of predicted environmental concentrations (PECs) resulting from
the use of MDI substances in the engineered wood industry as described in the
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following sections. Potential of exposure from the engineered wood industry is
representative of a high-release industry. MDI substances can also be emitted to air
during the production of foam or adhesive application. Literature and emission reporting
guidelines indicate that releases to air from these types of industrial production are less
by an order of magnitude compared to releases from the engineered wood industry
(Allport et al. 2003; Acton 2001; ACC 2012a).

Facilities that use MDI substances to manufacture OSB are considered to represent a
high level of environmental exposure because MDI is used in large quantities at a
limited number of facilities. The principal media for release from that industry is to air,
with the highest estimated emission factor of 0.027% (NCASI 2012). Concentrations in
the environment have been estimated using SCREEN3 (1995); inputs and results are
described in the text below.

Although a large number of Canadian companies are involved in the polyurethane
industry, this scenario was not selected for determining a quantitative exposure
estimate. The quantity of MDI used by a single polyurethane facility varies from a few
kilograms to 2 million kilograms. It can be assumed that more than 60 Canadian users
of MDI will use between 50 000 and 2 000 000 kg of MDI in one location. However, the
guantity of MDI assumed to be released at each polyurethane facility is expected to be
below quantities released by large OSB facilities across the country (Environment
Canada 2012a).

PECs are based on the available information on use quantities of the MDI/MDA
substances in the grouping, sector-specific emission factors, and characteristics of the
receiving environment. Therefore, PECs were estimated for the air and soil
compartments only. MDI substances are primarily released to the air compartment. In
soil, atmospheric deposition of MDI in the vicinity of emitters and subsequent chemical
transformation to MDA may result in soil exposure of MDA. Given the known use
patterns of both MDA and MDI substances in the grouping, no direct releases are
expected to the water compartment. Air deposition of MDI substances into water bodies
is also expected to be very limited, and on contact with water, MDIs are expected to
break down rapidly.

In Canada, direct consumer or commercial uses of MDA or MDI are expected to result
in diffuse releases, and consequently low environmental substance concentrations. For
that reason, release scenarios for such uses have not been further investigated.

7.2.2.1 Air

As MDI substances can be used by industrial facilities and are reported to be released
to air, the US EPA model SCREEN3 was selected to estimate a generic 1-hour
maximum concentration surrounding a hypothetical facility (SCREEN3 1995).
SCREENS is a screening tool that requires fewer and less refined inputs than other
more complex models. However, to ensure the use of SCREENS3 was appropriate for
MDI, technical particularities of the industry have been considered in the model entries.

69



Screening Assessment MDI/MDA Substance Grouping

The selected scenario is designed to provide an estimate based on conservative
assumptions regarding the amount of substance used and released by the facility, and
the facility and environmental setting where the releases occur. The inputs used to
calculate the PEC surrounding the facility and the output of the model are presented in
Appendix E. Assuming a maximum release rate of 0.31 kg/h (based on NCASI 2012)
from a hypothetical OSB facility which uses 10 million kg of MDI substances (the upper
range of the reported quantities used at any single facility in Canada; Environment
Canada 2012a), the SCREENS estimates for the maximum 1-hour concentrations at
100, 200, and 1000 m away from the source were 11.44, 12.76, and 5.618 ug/m?®,
respectively. The concentration of 12.76 ug/m*at 200 m is used as the PEC in the
ecological exposure assessment and is expected to be higher than actual air
concentrations resulting from any Canadian facility currently using MDIs. Therefore, this
PEC is a highly conservative estimation. Nonetheless, the SCREEN3 model estimates
are comparable to the measured MDI concentrations from stack emissions for non-
Canadian facilities (listed in Appendix D).

7.2.2.2 Deposition to soil and water

For industrial facilities using substances in the MDI subgroup, releases to air are based
on volatilization under conditions of high pressure and temperature. Although all MDlIs
have low vapour pressures, monomeric MDIs would be the predominant species
released to air as they have the highest relative vapour pressures of all the MDI
substances and substance components. The deposition rate of MDI monomers
surrounding an industrial facility was estimated using the calculation presented in Tury
et al. (2003). The ambient air concentration and resulting deposition flux of gaseous and
aerosol-bound substance to soil was modelled by Tury et al. (2003) using the
Operational Priority Substances (OPS) model of the European Union System for the
Evaluation of Substances (EUSES). The model assumes that releases are from a low
building with no stack. Standardized exposure estimation based on the Gaussian plume
model OPS was used by Tury et al. (2003) to carry out a default calculation of the
concentration of MDI and TDI in air and deposition flux to soil near a point source based
on a given source strength. They obtained an annual average deposition rate for MDI of
9 ng/m?/yr over a 1-km? area from the emitter, for a plant with a continuous release of
MDI of 8.8 kg/yr. The use of this default calculation—linearly scaled to a hypothetical
site that uses 10 million kg/yr and has an emission factor to air of 0.027%—results in an
estimated annual average deposition rate of 2.8 mg/m?/yr of MDI monomer. This is
assumed to be a worst-case Canadian scenario. The deposition of vapour and aerosol
fractions, as accounted for by the model, would occur via wet (e.g., rainwater) and/or
dry deposition processes that may be specific to local conditions. The OPS model is
based on realistic average atmospheric conditions obtained from a 10-year data set of
weather conditions for the Netherlands. In addition, the deposition of MDI, particularly
under wet conditions (i.e., presence of condensed phases, such as rain drops, fog or
clouds), would likely result in some conversion to corresponding amines (i.e., MDA).
However, since the deposition rate is relatively low and confined to the area in the
vicinity of the plant, it is not expected that the resulting MDA soil concentrations would
be greater than 0.023 mg/kg soil in the top 10 cm of soil, accounting for all normal
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losses to degradation and soil diffusion (Soil Model 2005). This estimate of steady-state
soil concentration is based on an assumption of a 2.8 mg/m?/yr deposition rate over

10 000 m? of soil. Furthermore, it is meant to represent a worst-case scenario as it
assumes that 100% of MDI will convert to MDA upon contact with moisture. It is
expected that short-term fluxes to soil may fluctuate from this average because of
factors including production cycles, plant stack height, local topography, and weather
conditions, such as wind and precipitation, controlling the deposition processes. In
addition, it is noted that air concentrations of MDIs estimated by means of OPS
modelling based on Tury et al. (2003) are similar and comparable to the estimates
obtained from SCREEN3. However, calculations based on Tury et al. (2003) were
considered more appropriate than SCREENS for estimation of MDI concentrations in air
that could deposit to soil because they included deposition rates. SCREENS3 results are
not considered in the calculation of resulting soil concentrations and were generated
merely to validate OPS modelling.

Deposition of MDIs to water bodies from airborne releases is expected to be limited.
However, if the emitter were located near a water source such as a lake or a river, it is
possible that MDI released to air may deposit/partition to the surface water. Given that
MDIs rapidly hydrolyze, they are short-lived in the aquatic environment and thus are not
expected to build up to significant concentrations. On contact with water, MDIs typically
convert to polyureas and residual amines. Resulting residual MDA concentrations in
surface waters would likely be low considering the high dilution capacity in typical
surface waters compared to the deposition rate of a substance. Presently, models that
would estimate substance concentrations in water resulting from deposition of MDAs
are not available. Therefore, the upper end of the range of concentrations measured in
Japanese waters in 2008 of 0.02 pg/L (CHRIP 2008) (see Appendix D, Table D-2) is
used as a conservative estimate of a PEC in Canadian waters.

7.2.3 Ecological exposure summary

In summary, there is very limited potential for environmental exposure to MDA through
its direct use. Instead, exposure to MDA is more likely to result from conversion of MDI
released to the environment. MDI is primarily released to air through industrial use in
the manufacture of polyurethane or engineered wood products such as OSB. Exposure
analyses were based on OSB mills, as they are expected to have the highest releases
of all industrial uses. Using SCREEN3 modelling, a PEC for the concentration of MDI in
air at 200 m from an OSB facility was estimated as 0.013 mg/m?(12.76 pug/m?).
Deposition of airborne MDI to soil was estimated using the OPS model, and was
calculated to occur at a rate of 2.8 mg/m?/yr. Conservatively assuming a 100%
conversion rate of MDI to MDA upon contact with soil moisture, a PEC for MDA in soil of
0.023 mg/kg was determined. A PEC could not be modelled for concentrations of MDA
in water or sediment resulting from deposition and conversion of MDI. Instead, the
available upper end of the range of concentrations measured in Japanese surface
waters of 0.02 pg/L was used as a conservative estimate for a PEC in Canadian waters.
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7.3 Characterization of Ecological Risk
7.3.1 Risk quotient analysis

The low volumes of MDA imported into Canada, along with information showing that its
uses are generally confined to a small number of industrial operations in Canada,
indicate a low potential for widespread releases into the Canadian environment. Given
that the known MDA use and release patterns in Canada indicate a low potential for
direct releases of MDA into air, soil or water, risk quotients were not calculated for direct
releases of MDA into any environmental compartments. However, there may be an
indirect source of MDA to the Canadian environment through release and conversion of
MDls.

A risk quotient analysis, integrating realistic worst-case and conservative estimates of
exposure with ecotoxicity information, was performed for MDI in air to determine
whether there is potential for ecological harm in Canada. The site-specific industrial
scenario considered actual emission sources resulting from the manufacture of OSB
(presented previously in the Ecological Exposure Assessment section). This yielded a
maximum PEC for MDI in air of 0.013 mg/m®. A PNEC for MDI was derived from the
chronic inhalation toxicity value for small mammals of 0.1 mg/m?® (see the Ecological
Effects section). The resulting risk quotient (PEC/PNEC) is 0.13. Therefore, harm to
terrestrial mammals from inhalation exposure is unlikely at this industrial site.

MDI released to the air may be deposited onto soils, where it will rapidly undergo
hydrolysis, forming polyureas and minor amounts of MDA. Given that MDA can persist
in soil for a long period of time, there is the potential for exposure of terrestrial
organisms to MDA. A risk quotient analysis, integrating realistic worst-case and
conservative estimates of exposure with ecotoxicity information, was performed for the
terrestrial/soil compartment to determine whether there is potential for ecological harm
in Canada. The site-specific industrial scenario considered actual emission sources of
MDIs resulting from the manufacture of OSB (presented previously in the Ecological
Exposure Assessment section), and then estimated resulting concentrations of MDA in
soil from conversion of deposited MDIs. Calculations for this scenario yielded a
maximum PEC for MDA in soil of 0.023 mg/kg. A PNEC for MDA of 1.1 mg/kg dw was
derived from the long-term toxicity value for the earthworm (see the Ecological Effects
section). The resulting risk quotient (PEC/PNEC) is 0.02. Therefore, harm to terrestrial
organisms from soil exposure to MDA is unlikely at this industrial site.

As with soils, there is the potential for indirect release of MDA to surface waters through
the deposition of MDI substances released to air and their subsequent hydrolysis. Given
that MDA could be present in water for a moderately long time, there is still a potential
for exposure to aquatic organisms. Therefore, a risk quotient analysis, integrating
realistic worst-case and conservative estimates of exposure with ecotoxicity information,
was performed for the aquatic compartment to determine whether there is potential for
ecological harm in Canada. The measured MDI concentration in Japanese surface
waters of 0.02 ug/L (0.00002 mg/L) (see Appendix D, Table D-2) was considered as a
conservative PEC for the Canadian environment. It was conservatively assumed that
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the conversion rate of MDI to MDA is 100%. 4,4'-MDA showed low to moderate acute to
sub-chronic toxicity in the aquatic organisms tested and exhibited high toxicity in chronic
tests with the aquatic invertebrate D. magna. A PNEC of 1.5 ug/L (0.0015 mg/L) for
MDA was derived from a chronic toxicity value of 0.015 mg/L for daphnids (see the
Ecological Effects section). The resulting risk quotient (PEC/PNEC) is 0.01. Therefore,
harm to aquatic organisms from exposure to MDA arising from the deposition of MDIs in
surface waters is unlikely in Canada.

Table 7-9. Summary of risk quotients obtained for different media and exposure
scenarios for MDI and MDA substances in the grouping

Media | Substance Scenario PNEC PEC RQ

Site-specific industrial
releases of MDIs to air
from OSB manufacturing
and consideration of
exposure of wildlife to
MDIs through inhalation

0.013

mg/m? 0.13

Air MDI 0.1 mg/m?

Site-specific industrial
releases of MDIs to air
Soll MDA from OSB manufacturing,
deposition to soil, and
conversion to MDA

1.1 mg/kg

(dw) 0.023 mg/kg | 0.02

General scenario
considering air deposition 0.0015 0.00002
of MDIs to surface water, mg/L mg/L

and conversion to MDA

Water MDA 0.01

7.3.2 Consideration of lines of evidence and conclusion

The approach taken in this ecological screening assessment was to examine various
supporting information and develop conclusions based on a weight-of-evidence
approach, using precaution as required under CEPA. Lines of evidence considered
include results from a conservative risk quotient calculation, as well as information on
persistence, bioaccumulation, toxicity, sources, fate, presence and distribution of the
substances in the environment.

On the basis of the available sources and uses information for MDA in Canada, no
direct releases of the substance to water, air or soil were identified. Releases of MDIs
were identified primarily to air. MDA may be found in water and soil as a result of
releases of MDIs into air, their deposition to surface waters and soil, and subsequent
conversion to MDA in these environmental compartments. Discussion of ecological risk
including a risk quotient analysis for MDA and MDI substances as a result of industrial
uses of MDI is presented previously in section 7.3.1 for the air, soil, and water
compartments. In all three compartments, the risk quotient analysis was less than 1.
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MDlIs are highly reactive substances and are expected to quickly transform to inert
polyureas and minor amounts of MDA upon contact with water, including water present
in soils. MDAs are expected to be present in soil and sediment for a long time and only
moderately long in water, but they are expected to have a low bioaccumulation
potential. Polyureas are also expected to have a low bioaccumulation potential. The
high volumes of MDI substances imported into Canada, along with information on their
uses, indicate a significant potential for widespread release into the Canadian
environment, primarily to air during industrial use. Once released to the environment,
they will be found mainly in vapour and aerosol form in air near point sources of
emission, with transformation products including polyureas and possibly also MDAs
formed upon contact with water, including condensed phases in air and soils.

Finally, the use of MDI substances in consumer and commercial products is not
expected to lead to significant emissions to the environment because of the low
magnitude and dispersed nature of any resultant emissions to air. In addition, most uses
of MDI substances (e.g., DIY adhesives and sealants and spray polyurethane foam
products) would not involve any liquid waste associated with their use. Therefore, risk
guotients for air and water compartments were not calculated, as releases of MDIs
stemming from consumer uses are considered negligible.

Numerous lines of evidence were considered in the characterization of ecological risk
posed by MDA and MDI substances. They included reliable toxicological experimental
data, known use and release patterns of MDA and MDI substances in Canada,
predicted concentrations in the environment based on general and industrial exposure
scenarios, and consideration of the potential conversion of MDIs to MDA in the
environmental media. This information suggests that there is low risk of harm to
organisms and the broader integrity of the environment in Canada from substances in
the MDI and MDA grouping.

Although current use patterns and quantities of MDA in commerce are not of concern at
current levels, there may be concerns if quantities were to increase in Canada, given
the ecological effects associated with these substances.

7.3.3 Uncertainties in evaluation of ecological risk

There were uncertainties in the amount of conversion of MDI to corresponding MDA
species when the substance deposits on soils or water. The concentration of MDI in the
atmosphere and resultant concentration on surface soils, along with soil characteristics
including moisture and degree of saturation, may impact this conversion. The
assumption that 100% MDI converts to MDA is considered to be highly conservative
and thus would likely lead to an overestimation of risk.

It is also unknown whether higher proportions of MDA would form from hydrolysis of

MDI at lower disperse concentrations (such as from atmospheric deposition of MDI) and
when there may not be a high enough concentration of MDI to polymerize into polyurea.
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To date, studies addressing the hydrolysis reaction of MDI focus on higher MDI
concentrations simulating a spill situation.

There are also uncertainties with regard to reaction rates of the heterogeneous
hydrolysis reaction of MDI. The available information suggests that this reaction
depends on mixing conditions, and given the natural variation in different aquatic
environments (e.g., fast-flowing river versus stagnant marsh), varied rates of MDI
hydrolysis or incomplete hydrolysis could be expected under certain conditions.

The use of various types and sources of diols or polyols (e.g., polyester polyol, ethylene
glycol, castor oil) for the production of polyurethane foams may change the potential for
degradation and resulting by-products, including MDA, thus creating some uncertainty
in the amount of MDA that would be ultimately liberated during degradation of
polyurethane foam in landfills. However, it is not expected that MDA would be a major
degradation product under typical landfill conditions. Mitigating factors, including
sorption to organic materials within landfills and removal during settling of organic
matter during wastewater treatment, would minimize any potential MDA releases to
water from degradation of polyurethane foam in landfills.

MDAs have shown high toxicity in certain aquatic invertebrates (i.e., in chronic toxicity
tests with daphnids). Present use patterns of MDAs in Canada indicate no releases to
water, and no estimates of water concentrations of MDA resulting from atmospheric
deposition to surface waters could be determined. However, due to the large dilution
capacity, diffuse input into surface waters from air deposition, along with the low
conversation rate to MDA seen in laboratory experiments with MDI, it is expected that
any resulting aquatic MDA concentrations would be very low. Monitoring data could be
used to confirm this.

No information was available on the potential effects on vegetation of atmospheric
emissions of MDI, which may cause the formation of a polymeric film which, in turn, can
cause secondary physical effects in plants. Estimates of MDI atmospheric
concentrations from the highest emitting facilities were determined to not cause any
respiratory effects in sensitive wildlife species, and thus, secondary effects in plants at
these concentrations may be unlikely.

8. Potential to Cause Harm to Human Health

8.1 Exposure Assessment
8.1.1 Environmental media and food

8.1.1.1 MDAs

No reports of measured concentrations of 4,4-MDA or pMDA in environmental media or
food in Canada were identified. 4,4'-MDA and pMDA are not reported to be
manufactured in Canada, nor are they reported to be used for manufacturing of MDIs in
Canada (Environment Canada 2012a). Industrial uses of 4,4'-MDA and pMDA are
confined to a small number of operations, indicating a low potential for releases into the
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Canadian environment. Given the low vapour pressure and high rate of atmospheric
degradation, neither 4,4-MDA nor pMDA are expected to be present in ambient air. The
results of Level Ill fugacity modelling suggest that MDA substances will not partition to
air, and if present, will reside in soil, water and/or sediment. Environmental monitoring in
Japan showed 4,4'-MDA in surface water above the detection limit of 0.001 pg/L (i.e.,
up to 0.02 pg/L) at 11 of 28 sites. 4,4'-MDA was also detected in sediments in Japan,
with a geometric mean of 0.015 mg/kg (CHRIP 2008; Environment Agency of Japan
2000).

MDIs released to the environment may be transformed into MDAs. No MDAs are
expected in the air from atmospheric release of MDIs given the low rate of
transformation in air. The deposition rate of MDIs to soil is relatively low and confined to
the vicinity of the release point. A worst-case estimate of soil concentration based on a
100% environmental transformation of deposited MDI into MDA, assuming a source
release of a 10 km radius, is not expected to be greater than 0.023 mg/kg solil (see
Ecological Exposure Assessment section). Furthermore, there is no manufacturing of
MDAs or MDIs in Canada, and the quantity of MDAs directly released to the
environment is expected to be minimal. When the Japanese water monitoring data and
estimated soil concentration values were used to derive conservative upper bounding
daily intakes of MDA, these estimates were less than 1 nanogram per kilogram of body
weight (kg-bw) per day. The environment is therefore not likely to be a source of
exposure for humans.

On the basis of the above information, exposure of the general population to 4,4'-MDA
and pMDA via the environment is not expected.

8.1.1.2 MDls

There is no natural presence of MDIs in environmental media in Canada. Empirical data
on concentrations of MDIs in environmental media in Canada or elsewhere were not
identified. The chemistry of MDIs precludes the presence of high concentrations in the
environment. MDIs are not persistent in water or soil, with degradation occurring
primarily via hydrolysis (EPI Suite 2008). Typically, the half-life of MDIs in water can be
as short as less than one minute under moving water. MDIs will form degradation
products of solid, insoluble polyurea and, to a lesser extent, MDA (Yakabe et al. 1999).
Due to the high reactivity of MDIs, the majority will remain and degrade in the media to
which it was emitted.

With low vapour pressures for the isomers, MDIs are not expected to be present in
significant amounts as vapour in the air. Air concentrations around point sources, such
as facilities that use MDIs in production, were estimated using the SCREEN3 model
(SCREEN 3 1995). The SCREENS3 1-hour air concentration estimate for a hypothetical
facility discussed in the Ecological Exposure Assessment section (Appendix E) was
further refined to include human health considerations (US EPA 2004). A small portion
of the general population may be exposed to MDI if residing in the vicinity of OSB
facilities. The upper-bound modelled estimate for MDI concentration in air at a realistic
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distance from the reporting facility where the nearest populated area is expected to be
is 0.543 pg/m? over 8 hours. This estimate is considered conservative given that wind
speed and direction are not accounted for, a constant emission plume is assumed, and
physical-chemical properties of MDIs, such as low vapour pressure, are not taken into
consideration by this model.

There may also be the potential for exposure through food from food packaging
laminate as reported in the survey conducted under section 71 of CEPA (Environment
Canada 2012a). A polyurethane adhesive is used to hold several polymer layers
together to form a laminate food packaging material. Because the polymer layers are
functional barriers between the adhesive and food, MDI in the adhesive layer is not
expected to migrate into food (personal communication, Food Directorate, Health
Canada, to Risk Management Bureau, Health Canada, dated 2013; unreferenced).
Concentrations of 4,4'-MDI in the polyurethane adhesive used in food packaging are
low, ranging from 0.005% to 0.5% (Environment Canada 2012a). The potential for
exposure from the adhesive is considered to be negligible. No data suggesting
presence of MDIs in food in Canada was identified.

On the basis of the overall information, the potential for exposure of the general
population to MDIs through environmental media and food in Canada is expected to be
low.

8.1.2 Consumer products

8.1.2.1 MDAs

MDAs are mainly used to produce MDIs in closed-system environments; a small fraction
is used as a cross-linking agent for polyurethanes, an antioxidant for lubricating oils, a
curative agent in rubber and an intermediate in elastomeric fibres and in the preparation
of azo dyes (Mortensen et al. 2005; HSDB 1983-2003). No report of use of 4,4'-MDA or
pMDA in consumer products in Canada was identified. Exposure to residual free 4,4'-
MDA may occur from products made with polyurethanes. However, MDAs are not
known to be present in a free state post production of polyurethanes (NTP 2011; IPCS
2005; ECJRC 2005; ECJRC 2001).

4,4'-MDA is known to be used in the production of azo dyes (Cartasol Yellow), which
may be used in inks, paper, leather and other textile products (ECJRC 2001). Under
reductive cleavage, 4,4'-MDA may unintentionally become free, but there is no
guantitative information on a liberation rate (IPCS 2005; ECJRC 2001). One study
showed potential migration of low levels of 4,4,"-MDA into food when cooked from
plastic cooking utensils containing azo dyes under realistic food preparation conditions.
Of the 11 utensils tested, 6 released 4,4'-MDA into the food simulant at concentrations
between 1.4 and 2.5 pg aniline equivalents per kg food simulant, which would result in a
very low estimated intake of nanograms per kilogram bodyweight (Mortensen et al.
2005). There are no reported consumer uses of MDA in Canada. On the basis of the
overall information, potential exposure of the Canadian general population to MDA from
its presence as residual in consumer products is considered negligible.
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8.1.2.2 MDls

MDIs have a widespread commercial and consumer use. 4,4'-MDI, pMDI and mixed
MDI are primarily used in the production of flexible or rigid polyurethane (PU) foam. 2,2'-
MDI and 2,4'-MDI may also be used as ingredients in polyurethane production.

Polyurethane is produced from a reaction between MDIs and polyetherols or polyesters
(Allport et al. 2003; Harper et al. 2001).The polyurethane product is subsequently cured,
resulting in hardening of the polyurethane and reduction of free isocyanate (NCO)
groups.

Flexible polyurethane foam is produced commercially as foam slabs that are available
to consumers, after curing, in the form of various manufactured articles, including
furniture, mattresses and flooring underlay. Potential for residual MDIs in flexible
polyurethane has been investigated (Hoffmann and Schupp 2009; Krone and Klingner
2005). In an air chamber study by Hoffmann and Schupp (2009), the potential for MDI
migration from cured foam was evaluated. In a closed air chamber, continuous air
sampling of a new foam mattress material containing 5 ppb extractable MDIs was found
not to emit MDIs above the detection limit of 5.4 ng/m>. Using glassfibre filters between
foam layers, continuous migration over 5 days was monitored and found to be very low
at 9 ng/m?® (Hoffmann and Schupp 2009). These data indicate that if residual MDIs
remained present in the foam at the time of purchase, residues are likely to remain in
the polymer matrix.

Therefore, on the basis of the available information (including MDI substances’ low
vapour pressure), inhalation and dermal exposure of the general population to potential
residual MDlIs present in flexible foam products is considered negligible.

Other MDI-based polyurethane products include particle board and oriented strand
board (Harper et al. 2001, ECJRC 2005). MDIs are an ingredient in the resin, which
itself is added to the wood particles. Through high temperature and moisture, the resin
(containing MDI) cures and hardens the wood patrticles into particle board or strand
board. Einbrodt concludes in a position paper (cited in ECJRC 2005) that the
polyureabonded particle boards do not emit “hazardous levels” of MDIs. Furthermore,
there was no evidence of the presence of MDAs, a potential decomposition product, in
the particle board. Under increased thermal conditions, where one may expect MDI
emissions from the wood binder or coating, the particle board emitted no MDIs (ECJRC
2005). This was also observed by Harper et al. (2001), who reported that a maximum
cure rate is found to increase with isothermal cure temperature.

MDIs are also used to produce polyurethane foam for sealing, insulation and adhesive
purposes. These products can be either two-component products or one-component
products. Two-component products are typically packaged as two separate chambers,
one in which MDIs are in a free state, unreacted, and separate from polyols in the other
chamber. During application, both MDIs and polyols are sprayed or dispensed with a
spraying gun or nozzle simultaneously to react and form polyurethane foam at the point
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of application (Crespo and Galan 1999; Lesage et al. 2007; Methner et al. 2010). Two-
component spray polyurethane foam (SPF) products or kits available for do-it-yourself
(DIY) applicators or homeowners typically deliver the foam under low pressure (US EPA
2015). SPF can also be applied using a high-pressure delivery system. However, such
systems are only used by professional applicators (US EPA 2015).

The one-component DIY products contain an isocyanate pre-polymer prepared from
pre-mixed polyols and diisocyanates. Once dispensed, it reacts with moisture in the air
to develop its mechanical strength from cross-linking (Cui et al. 2002; RAPRA 2000).
These products can have different functions, including sealant, construction adhesive,
floor adhesive, hot-melt adhesive and hobby glue. One-component products that
release expandable foam are typically used for sealant purposes, while one-component
products that are non-expandable are typically used as adhesives.

Tables 8-1, 8-2 and 8-3 provide a description of cure time and concentration ranges for
each MDI substance in different types of DIY products (HPD 2013; HSDB 1983-2003).

Table 8-1. Concentrations of 4,4-MDI in DIY products

Concentration .
Product (ow/w) Cure time
Spray polyurethane foam Tack-free: 0.1-1 min
(low-pressure two- 30-60 )
. Full cure: 1 hour
component Kit)
One-component foam 5_20 Tack-free: 5-30 min
sealant Full cure: 1-24 hour
Polyurethane 1-30 Tack-free: 15 min
adhesive/assembly sealant Full cure: 1-24 hour
. Tack-free: 60—90 min
Floor/wall adhesive 1-5 Eull cure: 8-10 hour
. . Tack-free: 20-30 min
Construction adhesive 7-50 Eull cure: 1-24 hour
General adhesive/hobby 10-56 Full cure: 1-4 hour
glue
Super glue 30-50 Full cure: 1-4 hour
Hot-melt adhesive 2-3 Full cure: 0.5-2 min

Table 8-2. Concentrations of pMDI in DIY products

Concentration :
Product (%ow/w) Cure time

Spray polyurethane foam Tack-free: 0.1-1 min

(low-pressure two- 30-60 .

. Full cure: 1 hour
component Kit)

One-component foam 5 55 Tack-free: 5-30 min
sealant Full cure: 1-24 hour
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Concentration

Product (W)

Cure time

Polyurethane 1-10 Tack-free: 15 min
adhesive/assembly sealant Full cure: 1-24 hour

Tack-free: 20-30 min

Construction adhesive 10-25 Eull cure: 1—24 hour
Generic/hobby glue 30-56 Full cure: 1-4 hour
Super glue 30-50 Full cure: 1-4 hour

Table 8-3. Concentrations of mixed MDI in DIY products

Concentration

Product (ow/w) Cure time
Spray polyurethane foam Tack-free: 0.1-1 min
(low-pressure two- 5-10 )
. Full cure: 1 hour
component Kit)
Polyurethane Tack-free: 15 min

adhesive/assembly sealant 1-5 Full cure: 1-24 hour

Tack-free: 20-30 min

Construction adhesive 1-5 Eull cure: 1—24 hour

. Tack-free: 60-90 min

Floor adhesive 1-5 Full cure: 8-10 hour
Generic/hobby glue 32-56 Full cure: 1-4 hour
Hot-melt adhesive <3 Full cure: 0.5-2 min

Exposure to MDIs from use of these DIY products depends partly on their cure rate and
the humidity and temperature of the room in which they are applied. Cure rates are
measures of reaction rates for MDIs to form polyurethane with subsequent hardening
through cross-linking. Curing typically starts immediately upon application and moves
from the outside inwards, forming a “skin” or tack-free film on the surface (Cao et al.
2012; Lesage et al. 2007) before completion of the curing phase. The product results in
a hardening of the polyurethane and a reduction of free NCO groups (Allport et al.
2003). In studies measuring the cure rate of diisocyanates, it was found that with higher
humidity and temperature, there is a faster reaction time (Wirts et al. 2003; Wirts and
Salthammer 2002). Product information provides an expected range for the length of
time necessary to expect full cure as well as a tack-free or cut time in some instances
(Tables 8-1 to 8-3).

Inhalation and dermal exposure to MDIs were estimated for homeowners using MDI-
containing DIY products. Products may contain one main MDI isomer or a mixture of
several MDIs. Exposure estimates were based on the known concentration of MDIs
overall in each product as reported under section 71 and confirmed from product
manufacturers’ technical information. Given the intended use of these products, the oral
route of exposure was not considered to be relevant.
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While these product labels specify personal protection measures, such as the use of
gloves or respiratory protection, exposure estimates derived do not consider that
individuals are wearing personal protective equipment, given that such equipment may
not be readily accessible to consumers or may not be properly handled by consumers.

Inhalation exposure

Low-pressure two-component SPF products are available for purchase off the shelf
from retailers in canisters of varying sizes, with two common sizes being 13 and 20 kg
(largest kit size). The concentration of each MDI substance contained in this type of
product can range from 5 to 60% w/w prior to mixing with polyol to generate foam
(Tables 8-1 to 8-3). Foam from a 20-kg tank is expected to cover 600 boardfeet, or 300
ft* (28 m?), assuming a 2-inch foam thickness (2013 email communication from CUFCA
to Existing Substances Risk Assessment Bureau, Health Canada; unreferenced,;
Lesage et al. 2007).

No studies were identified in which air concentrations of MDIs were measured during
use of a low-pressure two-component SPF product by a homeowner. There are several
studies available in which air concentration of MDIs were measured during applications
of two-component SPF products by professionals using either low-pressure or high-
pressure delivery (Lesage et al. 2007; Roberge et al. 2009; Fomo Products 2005, 2010;
ACC 2012b; Convenience Products 2012, 2014a, 2014b; Dow Chemical Company
2013).

Studies measuring MDI air concentration during application of low-pressure SPF were
used for the purpose of this assessment as they are considered to be most
representative of a homeowner scenario.

Several studies were submitted by stakeholders in which levels of MDIs were monitored
in air during the application of low-pressure two-component SPF products. In these
studies, MDI products were applied by professionals for either sealant purposes (by
filling in gaps and cracks in walls or ceilings (e.g., gap between joist and wall) or
insulation purposes (by covering or filling in the entire area of a wall between joists).
Results are presented in Appendix F and summarized in Tables 8-4 and 8-5 below.
Studies submitted were conducted either in homes in the United States (Fomo Products
2005; Dow Chemical 2013; Convenience Products 2014a, 2014b) or in dedicated spray
chambers (Fomo Products 2010; ACC 2012b; Convenience Products 2012).

Three studies were submitted by stakeholders in which a two-component SPF was
applied with low pressure between joists (i.e., full cavity fill) (Fomo Products 2005;
Convenience Products 2012; Dow Chemical 2013). These studies were based on
monitoring exposure during 1-hour applications or less. It appears from these studies
that it would take approximately 1 hour to apply 20 kg of product. The studies were
conducted with varying ventilation regimes, some of which are considered to be less
representative of a homeowner scenario (e.g., a homeowner may not invest in the
purchase of 2 box fans for a one-time use of an SPF kit). Overall, maximum
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concentrations were as follows: 0.16 mg/m? (during a 13-minute spray time with
ventilation through the use of either a box fan or an industrial grade fan) (Dow Chemical
2013); 0.078 mg/m? (during a 60-minute application, with 2 box fans installed in
windows but set on “OFF”, equivalent to opened windows); 0.053 mg/m?® (during a 60-
minute application, with 2 box fans set on “high”) (Convenience Products 2012); and
0.082 mg/m? (after a 60-minute application, using natural ventilation, i.e., opened
windows and doors) (Fomo Products 2005) (See Appendix F for more details). The Dow
study was considered to be associated with uncertainties (air concentrations measured
were identical even though they were based on two significantly different ventilation
regimes), and the concentration of 0.082 mg/m?® (Fomo Products 2005) is considered to
be representative of a homeowner using a low-pressure two-component SPF product
(e.g., kit) for 1 hour.

Table 8-4. Maximum personal concentrations of MDIs for the application of low-
pressure two-component SPF between joists (i.e., “full cavity” fill)

Study Ventilation (air | Sampling time | Air [] during
reference changes/hour) | (min) spray (mg/m®)
Dow Chemical | 44 (industrial 13 0.16

2013 grade fan)

Dow Chemical | 16 (1 box fan) 13 0.16

2013

Convenience 6 (opened 60 Total MDI*:
Products 2012 | windows) 0.078
Convenience 102 (2 box fans) | 60 Total MDI*:
Products 2012 0.053
Fomo Products | Opened windows | 18-20 0.082

2005

* This value is based on addinag concentration of MDI monomer and pMDI; pMDI concentration was below the limit of
detection (LOD) of 0.02 mg/m"~, it was assumed the level was at half of the LOD.

Three studies were available from stakeholders in which a two-component SPF was
applied with low pressure along joists and corners and in cracks (ACC 2012b;
Convenience Products 2014a, 2014b). They were based on monitoring exposure during
30-minute applications. It appears from these studies that it would take approximately
30 minutes to apply 13 kg of SPF. The studies were conducted with a wide range of
ventilation rates, some less representative of a typical homeowner situation. The
maximum concentrations monitored during application of the SPF were: 0.01 mg/m®
(using 2 box fans inserted in windows); 0.04 mg/m? (natural ventilation); and 0.1 mg/m?®
(10.4 air changes per hour in a test chamber, ventilation perpendicular to the spray)
(See Appendix F for more details). There are uncertainties associated with the
concentration of 0.1 mg/m? since the limit of detection for one of the MDIs measured
(pMDI) was high (> 0.1 mg/m®) and therefore the actual contribution of pMDI to the total
MDI concentration is unknown. Therefore a range of maximum concentrations of 0.04 to
0.1 mg/m? is considered to be representative of exposure during application of a 13 kg
low-pressure two-component SPF Kkit.
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Table 8-5. Maximum personal concentrations of MDIs for the application of low-
pressure two-component SPF along joists and corners and in cracks

Study Ventilation (air | Sampling time | Air [ ] during
reference changes/hour) | (min) spray (mg/m?®)
Convenience 4.7 (2 box fans) | 15 0.01
Products 2014a
Convenience 0.2 (natural 15 0.04
Products 2014b | ventilation)
ACC 2012b 10.4 (test 24-29 0.1*
chamber)

* This value is based on adding concentration of 2,4'-MDI, 4,4-MDI and pMDI; pMDI concentration was below the
limit of detection (LOD) of 0.102 mg/m3, it was assumed the level was at half of the LOD.

These concentrations are associated with uncertainty, given that professionals
performing the applications in the various studies are likely to be trained and
experienced using these products and perform a “cleaner” application than an untrained
homeowner.

Bystanders in the home could also potentially be exposed to airborne MDI from the
presence of aerosols in the air during use of the low-pressure two-component SPF
product. In the case of a professional application of SPF, homeowners would typically
be asked to vacate the home during product application and to return at least 1 hour
later to minimize exposure to MDI (NRC 2011). Available data indicate that levels in the
air drop rapidly once the foam starts curing. In the studies outlined in Table 8-4, Table
8-5, and Appendix F, all post-spray measurements (taken 30 minutes to 1 hour post-
application [ACC 2012b]) resulted in MDI concentrations that were below the study
detection limit (Fomo Products 2005; ACC 2012b; Convenience Products 2012, 2014a,
2014b; Dow Chemical Company 2013). Furthermore, for high-pressure two-component
SPF scenarios, concentrations were found to decrease below the limit of quantitation
both with distance from the spray zone and with time from application (Lesage et al.
2007; Roberge et al. 2009).

In addition to the low-pressure two-component SPF products, MDI-containing DIY
products include expandable foam one-component products also used as sealants.
These products contain a pre-mix of MDI and polyol, i.e., an isocyanate-terminated pre-
polymer, and are typically applied with a can and a straw-like nozzle placed close to the
wall surface to seal small cracks. At the point of use of the product when this pre-
polymer is released from the can, the isocyanate group in the pre-polymer reacts with
moisture in the air forming an amine intermediate that further reacts with the isocyanate
pre-polymer, and expanding foam is formed. Table 8-6 outlines the results of the studies
submitted by stakeholders in which MDI concentrations in air were measured during
application of one-component SPF products.
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Table 8-6. Results of air concentration measurements during use of one-
component expandable SPF products

Study Amount Ventilation | Application | Air Application
reference applied time (min) concentration | scenario
during
application
(mg/m?)
Fomo 1.5 cans None — 15 <LOD (0.001) | Appliedto
Products (can size ventilation cardboard
2010 not was turned in humidity
specified) off spray
chamber
Convenience | NS NS 15 <LOD Applied
Products (0.0065) around
2009 fabricated
large
window
backed with
particle
board
Lars Rosell 524-550g | NS <20 <LOD Applied
and Marcus (0.00025) around
Vestergren fabricated
2012 large
window
backed with
particle
board

LOD: Limit of Detection; NS: not stated

MDI concentrations described in Table 8-6 were all below the study limit of detection
(the study limits of detection vary from 0.00025 to 0.0065 mg/m?®). The European Union
MDI Risk Assessment (ECJRC 2005) also reported data submitted by industry showing
MDI concentrations below the detection limit of 0.0061 mg/m?® during use of one-
component spray foam products by consumers. The EU used this value as a worst-case
estimate of short-term inhalation, stating that this monitoring data reflects the situation in
an occupational environment but was applicable for the use of this product by
consumers (ECJRC 2005). On the basis of the collective information, the detection limit
of 0.0065 mg/m? is considered to be an upper bounding estimate of general population
exposure to MDI from use of a one-component foam sealant.

Other DIY products containing MDIs are not expandable but are used to fill gaps or to
glue pieces together during the assembly of wood, metal or drywall. Monitoring data for
these types of products were not identified, and exposure estimates via inhalation from
use of these products were derived using ConsExpo v.4.1 software (ConsExpo 2006).
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One product, a polyurethane adhesive/sealant or assembly sealant, is used to both bind
and fill the space between wood materials, either for furniture or partitioning wall. This
product acts as a caulking and can be applied in a thick layer between two surfaces.
Assuming a full cartridge (390 g) of assembly sealant is used for a task that takes 30
minutes, the concentration of airborne MDIs during use of that product is estimated via
the ConsExpo model to range from 0.00063 to 0.0010 mg/m? (see Table 8-7 or
Appendix G for more details).

Exposure during a large- and small-scale project requiring adhesives was estimated
using ConsExpo,; estimates were based on three scenarios, the use of a floor adhesive,
construction glue and hobby glue. The floor adhesive product can be used for a large-
scale project, such as a living room, in which installation would take several hours.
Assuming an 8-hour day to lay the floor, the concentration of MDIs during use of this
type of product is estimated to range from 0.00013 to 0.00047 mg/m? (Table 8-7,
Appendix G). Construction glue can be used for a variety of projects in the home.
Concentrations of MDIs during use of construction glue, assuming a medium-scale
project around the home, were estimated to range from 0.0014 to 0.0021 mg/m?, on the
basis of a 30-minute application time and 30-minute tack-free time on a 1 m* surface
area (Table 8-7, Appendix G). Hobby glues are expected to be used for small projects,
such as modelling and crafting. During the use of 6 g of product for 20 minutes on a
400-cm? surface, air concentrations are estimated to range from 1.0 x 10°t0 1.2 x 10”
mg/m?, given an MDI concentration range of 25 to 56% w/w (Table 8-7) in the product
(Table 8-7, Appendix G). These levels are consistent with those reported in a Gorilla
Glue study conducted by McCoy et al. (2013). In that study, consumer use of hobby
glue was simulated by applying small amounts of glue (1, 2 and 30 g) to flat surfaces
before gluing them together; the study reported MDI and pMDI air concentrations of less
than 0.0005 mg/m?.

Other adhesives, super glue and hot-melt adhesives were considered to be associated
with low air concentrations of MDIs. For instance, the repair of a broken handle from a
mug would require very little super glue (0.5 g), would be completed quickly and would
be left to cure for a few hours. Using these assumptions, the concentration of MDIs from
super glue was estimated to be less than 4.1 x 10mg/m?®. Concentration of MDIs
during use of hot-melt adhesives is estimated to be less than 7.9 x 10®mg/m?® (Table 8-
7, Appendix G).

Table 8-7. Upper-bounding estimates of air concentrations of MDIs from use of
adhesive/sealant type of DIY products

Range of mean event

Modelled consumer Exposure + cure | concentration during
product scenario® time application and cure
time (mg/m°)
Polyurethane .
adhesive/assembly sealant 30 +15 min 0.00063-0.0010
Floor/wall adhesive 8h+15h 0.00013-0.00047
Construction adhesive 30 + 30 min 0.0014-0.0021
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Range of mean event
Modelled consumer Exposure + cure | concentration during
product scenario® time application and cure
time (mg/m°)

General adhesive/hobby

glue 4 hour 1.0 x 10510 1.2 x 10°
Super glue 4 hour <4.1x 10°®
Hot-melt adhesive 25 + 2 min <7.9 x 10°

%Ventilation rates for these scenarios was either 0.5 or 0.6 changes/h (See Appendix G for details).

The exposure estimates based on ConsExpo are considered to be conservative
because of the constraints of the model. As DIY products are applied, it is expected that
the amount of unreacted MDI would decrease as a result of the production of
polyurethane and its curing. However, the ConsExpo model does not account for the
physical transformation of a substance, and it was assumed that all of the MDI present
in the product before application is volatilized (personal communication, RIVM 2013).
The amount of free MDIs released to the air during application would likely be lower
than estimated by ConsExpo also given the development of a film on the product
surface, potentially reducing migration and release of unreacted MDIs (Lesage et al.
2007). ConsExpo estimates of air concentration are based on the physical-chemical
properties of MDIs but not the physical transformation of MDIs to polyurethane when
applying the product (personal communication, RIVM 2013). The boundary-layer theory
mass transfer rate of 0.18 m/min (Sparks et al. 1996) provided by RIVM was suggested
to account for the cured layer between the ambient air and uncured polyurethane. Given
that the experimental data were based on an average of volatile substances, Sparks et
al. (1996) was not considered. More recently, Wirts and Salthammer (2002) determined
an experimental mass flow rate of 0.013 m/min on the basis of the emission rate for
pure 4,4'-MDI. The study by Wirts and Salthammer (2002) was used in the modelling
estimates of adhesive/sealant-type DIY products.

A DIY application product that contains MDIs is used to coat passenger truck beds
(Dominion Sure Seal 2014). This product is available from the hardware retail store and
is to be applied using a roll-on applicator, brush, spray can or spray gun. Although
instructions on the label indicate that the product may be used for patios, basements or
garage floors, it is typically used to coat the inside of truck beds for protection against
rust. Truck bed coating can be done either professionally or by truck owners. Use of a
truck bed liner product by the general public would likely be outdoors or in an open
garage and result in application of a maximum of 1 gallon (3.7 L) of product only
(maximum size available from the retail shelf). MDI air concentrations during application
of truck bed liners have been reported for occupational indoor settings (Myers and
Cummings 2005), which are not considered representative of a truck owner scenario.
Although no study is available for this specific scenario, the potential inhalation
exposure from use of truck bed liners is expected to be significantly lower than
exposure during use of DIY product applied indoors
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Dermal exposure

Dermal exposure to MDIs from use of DIY products was calculated as an amount of
product per area of skin. A series of human skin sensitization studies indicate that
dermal sensitization was dependent on the dose per unit area of skin rather than on the
overall amount of substance applied to the skin (Kimber et al. 2008, Robinson et al.
2000). The estimates also assume that any dried product remaining on the skin does
not act as a barrier from continued application.

Polyurethane spray foam sealant labels suggest safety precautions as the spray may
adhere to large areas of the arms and hands during use. For the low-pressure two-
component spray polyurethane foam application scenario, an estimate of dermal
exposure to MDIs was calculated assuming spray coverage (0.25 g) (ConsExpo 2006)
from a spray gun on the back of both hands and forearms (2185 cm?) resulting in a
dermal load of 0.068 mg/cm?. Application of one-component foam sealants using a long
straw-nozzle from a spray can closer to the body, potentially releasing 0.004 g of
product on tips of fingers touching the nozzle (10 cm?), was estimated to result in a
dermal load of 0.02 to 0.22 mg/cm? (Table 8-8).

Assembly sealants are typically applied like caulking glue, directly on the working
surface. In this scenario, the two surfaces glued together are held in place for the glue
to begin to set. It is assumed that during this time, there is the potential for 20% of one
hand palm or fingers (46 cm?) to be exposed to drips of glue, giving an upper-bounding
estimate of 4.9 mg/cm? to MDIs (Table 8-8).

The potential dermal exposure was estimated for construction adhesives, floor glue and
hobby glue. Because of the nature of their hands-on application, it is assumed that
hands are in contact with floor adhesives during the entire time of floor installation, with
a contact rate of 30 mg/min for 8 hours. It is expected that 50% of the hands would be
exposed, resulting in an estimate of dermal load of 3.2 mg/cm?. During use of
construction adhesive, i.e., clamping two components together while the glue sets, it is
assumed that up to 20% of both hand palms or all fingers (91 cm?) would be in contact
with the glue, resulting in a potential MDI dermal load of 2.2 mg/cm?. During the
application of 0.08 g of hobby glue containing 56% 4,4'-MDI, it is assumed that
fingertips (2 cm?) would be exposed during smaller detail work, resulting in an estimated
MDI dermal load of 22 mg/cm? (Table 8-8).

Skin contact during application of hot-melt adhesives and super glues is typically
avoided to protect the dermal layer from physical harm of burns or tearing. Similarly,
skin contact with spray or roll-on coatings, such as application of the vehicle truck bed
liner, would typically be avoided. In the event of incidental contact with super glue, a
fingertip may be exposed to 5% of the glue used, resulting in a potential MDI dermal
load of 13 mg/cm?. Handling a hot-melt glue bar while inserting it into a glue gun would
not result in exposure as the MDIs are cured in the solid bar. Unlike the other DIY
products, which may contain free isocyanates prior to use, hot-melt adhesives require
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high temperatures to release MDIs. Skin contact would be avoided during the heated
glue application, therefore limiting any dermal exposure to MDIs.

Table 8-8. Upper-bounding estimates of dermal exposure to MDIs from DIY

products
Modelled consumer Contact area 2
) 2 Dermal load (mg/cm®)
product scenario (cm?)
Spray polyurethane foam
(low-pressure, two- 2185 0.068

component Kit)

Foam sealant (one-

10 0.22
component)
Polyurethane
adhesives/sealant 46 4.9
Floor/wall adhesive 455 3.2
Construction adhesive 91 2.2
General adhesive/ hobby 5 29
glue
Super glue 1 13

8.2 Health Effects Assessment
8.2.1 MDAs

Polymeric MDA (pMDA) is a mixture containing mostly 4,4'-MDA. No adequate health
effects information has been identified for pMDA. In the European Union (EU) under the
Registration, Evaluation, Authorisation and Restriction of Chemicals (REACH)
regulation, 4,4'-MDA and pMDA are subject to authorization as substances of very high
concern (SVHC given the nature of health effects associated with 4,4-MDA, which has
been classified as a Category 1B carcinogen by the European Commission (ECHA
2011). In consideration of the fact that 4,4'-MDA is the main component of pMDA and
that no health effects data were identified for pMDA, the following assessment of health
effects of 4,4-MDA will also be applied to pMDA.

8.2.1.1 Carcinogenicity and genotoxicity

The International Agency for Research on Cancer (IARC) has classified 4,4-MDA as a
Group 2B carcinogen (“possibly carcinogenic to humans”) (IARC 1986) and the
European Commission has classified the chemical as a Category 1B carcinogenic
substance (“presumed to have carcinogenic potential for humans”) (European
Commission 2015a). In addition, the US National Toxicology Program (NTP) has
concluded that 4,4'-MDA is “reasonably anticipated to be a human carcinogen” (NTP
1983). These national and international hazard classifications and conclusions were
based principally on observation of increases in tumour incidences in experimental
animals.
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In a two-year animal study, tumours were observed at multiple sites in rats and mice
treated with 4,4'-MDA. F344 rats and B6C3F1 mice were exposed to 4,4-MDA in
drinking water at doses of 0, 150 or 300 ppm (approximately equivalent to 0/0, 9/10 or
16/19 (male/female) mg/kg-bw/day for rats, and 0/0, 25/19 or 57/43 (male/female)
mg/kg-bw/day for mice) for 103 weeks. A statistically significant increase in thyroid
follicular cell carcinomas was observed in high-dose male rats, and statistically
significant increases in thyroid follicular adenomas were observed in high-dose female
rats and high-dose mice of both sexes. The increase in thyroid C-cell adenomas was
found in female rats in a dose-related manner. Neoplastic nodules were observed in the
liver of both low- and high-dose male rats. In addition, uncommon tumours were
observed in exposed rats at low incidences, including bile duct adenomas in the males
and transitional-cell papillomas of the urinary bladder and granulosa cell tumours of the
ovary in the females. The incidence of these tumours may be of toxicological
significance because their historical control incidence is very low. In mice, a statistically
significant increase in hepatocellular carcinomas was observed in all exposed males
and females, and a statistically significant increase in hepatocellular adenomas was
observed in high-dose female mice. Other tumours that were increased in exposed mice
included adrenal pheochromocytomas in the males, and alveolar/bronchiolar adenomas
and malignant lymphomas in the females (NTP 1983).

Studies that evaluated cancer outcomes in humans have been identified. Liss and
Chrostek (1983) suggested that there was an association between bladder cancer and
work in areas with past or present potential exposure to 4,4'-MDA. This was a follow-up
investigation of 179 white male deaths among employees who had worked more than a
month in areas with potential exposure to epoxy resins and amine hardeners containing
4,4'-MDA. The mortality ratio of cancer was found to be significantly increased when
compared to the whole population. However, proportional cancer mortality ratio analysis
showed that only the excess of bladder cancer was significantly elevated. In contrast to
the findings of Liss and Chrostek (1983), no evidence of an increase in overall or
bladder cancer risk was observed in a retrospective cohort study conducted among 595
workers (550 males and 45 females) who were exposed to 4,4-MDA in a power
generation plant in Sweden between 1963 and 1986. Standardized incidence ratios
(SIR) were obtained from the ratio of the observed to the expected number of cases.
The overall SIR was 0.52 based on five observed cases. The authors indicated that the
results should be interpreted with caution since the majority of the subjects were quite
young and had not reached cancer-prone age and since the follow-up period was short
and may have not covered the latency period for bladder cancer (Selden et al. 1992).

The European Commission (2015a) has classified 4,4'-MDA as a Category 2 mutagen;
“substances which cause concern for humans owing to the possibility that they may
induce heritable mutations in the germ cells of humans.” The genotoxicity data are
briefly summarized below.

4,4'-MDA tested positive in bacterial mutation assays. It also induced gene mutation in

L5178Ytk+/- mouse lymphoma cells. In Chinese hamster lung (CHL) cells, 4,4-MDA
induced chromosome aberrations, but the effect was equivocal in Chinese hamster
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ovary (CHO) cells. It also induced sister chromatid exchange in CHO cells. In an assay
to evaluate DNA damage, 4,4-MDA showed clear evidence of inducing unscheduled
DNA synthesis in rat hepatocytes.

The genotoxic potential of 4,4-MDA was further tested in a series of in vivo assays. The
sex-linked recessive lethal mutation was observed in adult male Drosophila
melanogaster when exposed to 4,4-MDA by feeding, but the result was negative when
exposed to a lower dose by injection. In micronucleus assays, 4,4-MDA showed
positive or equivocal results in the exposed mice, but negative in the exposed rats. A
weakly positive effect was observed in the exposed mice in the sister chromatid
exchange assay. In the unscheduled DNA synthesis assay, negative results were found
both in exposed mice and rats. However, 4,4'-MDA induced DNA fragmentation and
DNA adducts formation in exposed rats.

8.2.1.2 Non-cancer effects

Non-cancer effects of 4,4'-MDA have been observed in a range of target organs and
tissues, but predominantly the liver and thyroid. In the two-year oral study conducted in
rats and mice (NTP 1983), thyroid follicular cysts and follicular cell hyperplasia were
observed in the animals which received doses of 9 or 10 mg/kg-bw/day and higher dose
groups in male and female rats, respectively. Liver fatty metamorphosis and focal
cellular changes were also observed in rats of both sexes at the low and high doses,
while unspecified dilatation of the liver was only observed in male rats at low and high
doses. In mice, thyroid follicular cell hyperplasia and liver cell degeneration were
observed in males in the 25 mg/kg-bw/day and higher dose groups, but in females,
these effects were observed only in the high dose (43 mg/kg-bw/day) group (NTP
1983).

Several sub-chronic oral studies have been identified. In a study conducted by Ciba-
Geigy (1982), follicular cell hyperplasia/hypertrophy and diffuse glandular hyperplasia
with colloid depletion in the thyroid were observed in both male and female rats
exposed to 4,4-MDA in drinking water at a dose of 8 mg/kg-bw/day and higher for 3
months. At the higher dose level (23 mg/kg-bw/day for males and 22 mg/kg-bw/day for
females), anemia, elevated enzyme levels, altered organ weight, biliary duct
hyperplasia, liver lesions and thyroid lesions were observed in both males and females,
but kidney mineralization was observed only in males. In addition, elevated numbers of
leukocytes and percentage of neutrophils and prolonged prothrombin time were
observed in the highest dose groups of both sexes (31 mg/kg-bw/day for males and 32
mg/kg-bw/day for females). Reduced percentages of lymphocytes were observed in
female rats; and focal nodular hyperplasia of the thyroid was observed in male rats
(Ciba-Geigy 1982). The US NTP also conducted a 13-week study in rats and mice
treated with 4,4'-MDA in drinking water. In rats, a dose-related reduction in water
consumption was observed both in males and females at doses of 13 mg/kg-bw/day
and higher. In mice, a weight gain reduction was observed in males at doses of 27
mg/kg-bw/day and higher. At the highest dose (55 mg/kg-bw/day for males and 52
mg/kg-bw/day for females), bile duct hyperplasia, thyroid adenomas and weight gain
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reduction were observed both in male and in female mice (NTP 1983). Other oral sub-
chronic studies resulted in LOAELSs ranging from 84 to 97 mg/kg-bw/day (Hiasa et al.
1984, Fukushima et al. 1979 and 1981, Tsuda et al. 1987). No inhalation or dermal sub-
chronic studies were identified.

A number of short-term studies in various species, with different routes of exposure,
have been conducted. In a 14-day drinking water study in rats and mice, reductions in
water consumption and weight gain were observed in rats exposed to 4,4-MDA at
doses of 17 mg/kg-bw/day and higher, and in mice at 102 mg/kg-bw/day for females
and at doses of 136 mg/kg-bw/day and higher for males (NTP 1983). The BASF (1977)
conducted a 14-day oral study in rats. Reduced serum total lipid levels and increased
serum alkaline phosphatase (AP) levels were observed in the low—dose group (25
mg/kg-bw/day) of both sexes, and elevated liver weight was observed in the low-dose
females only. At the high dose (50 mg/kg-bw/day), anemia with reduced numbers of red
blood cells, decreased levels of hemoglobin and hematocrit, and increased numbers of
leukocytes were observed in both males and females. Increased serum enzymes
(ALAT, alkaline phosphatase), total proteins (males only), total lipids, and total bilirubin
and elevated organ weights of liver, kidney, spleen, and thyroid were also observed in
the exposed animals at the high dose. In addition, urinalysis revealed adverse effects in
females in both dose groups. Isolated renal cells and protein in the urinary sediment
were evident. Histopathology showed dose-related mild to moderate lesions in both
dose groups consisting of proliferation of bile ducts with initial fibrosis and inflammatory
reactions of the liver, enlargement of the spleen due to extramedullary hematopoiesis,
and hyperplasia of the thyroid epithelium (BASF 1977). Two additional oral studies in
rats resulted in LOAELSs of 84 and 100 mg/kg-bw/day based on adverse effects
observed in the liver and thyroid of exposed animals (Miyamoto et al. 1977 and
Hagiwara et al. 1993).

A short-term inhalation study in male albino and male pigmented guinea pigs was
conducted by Leong et al. (1987). Degeneration of the inner and outer segments of the
photoreceptor cells and the pigmented epithelial cell layer of the retinas were observed
in both strains of guinea pigs exposed to 4,4'-MDA at 440 mg/m?for 2 weeks. Small
pulmonary granulomas or mild granulomatous pneumonitis were also observed in the
exposed animals (Leong et al. 1987).

4,4'-MDA has also caused systemic effects in animals exposed via dermal application.
In a 2-week dermal study in mice, increased liver and spleen weight were observed in
males and females at 168 mg/kg-bw/day. Deaths were reported in both males and
females (Holland et al. 1987). In another dermal study, rabbits were exposed to 4,4'-
MDA at 700 mg/kg-bw/day for 10 days. Bile duct proliferation, portal cirrhosis, focal
parenchymal necrosis, mild acute glomerulonephritis, acute necrotizing dermatitis, and
reduction in final body weight (15%) were observed (DuPont 1976).
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8.2.1.3 Toxicokinetics

The evaluation of available toxicokinetic information shows that 4,4'-MDA is absorbed
by oral, dermal, and inhalation routes of exposure in humans and animals. Information
from a number of case reports indicated that 4,4'-MDA can distribute to various organs
after accidental ingestion of the chemical. There is no evidence for accumulation in the
body. N-acetylation of 4,4'-MDA apparently represents the detoxification metabolic
pathway. 4,4'-MDA and its metabolites are mainly excreted in the urine.

8.2.2 MDIs

Health effects data on any MDI isomer or mixture of isomers of the MDI subgroup were
taken into consideration in this section, and health effect levels established for
substances within the subgroup were selected to characterize the overall health effects
associated with the MDIs subgroup. The rationale for this read-across is presented in
Appendix A.

8.2.2.1 Carcinogenicity and genotoxicity

The European Commission has classified MDIs (CAS No. 101-68-8, 5873-54-1, 2536-
05-2, 26447-40-5, 9016-87-9) as Category 2 carcinogens (suspected human
carcinogens) (European Commission 2009, 2015b). The IARC has classified MDIs
(CAS No. 101-68-8, 26447-40-5) as Group 3 carcinogens (not classifiable as to its
carcinogenicity to humans) on the basis of inadequate evidence for its carcinogenicity in
humans and limited evidence for carcinogenicity in experimental animals (IARC 1999).
The discrepancies between the two classifications could be due to the fact that
additional studies were considered by the EU, including a review (Feron et al. 2001)
comparing the findings of the Reuzel et al. (1990, 1994a) and Hoymann et al. (1995)
studies.

Two chronic animal toxicity studies conducted with MDIs were identified.

In an inhalation study conducted by Reuzel et al. (1990, 1994a), male and female
Wistar rats (60/sex/group) were exposed to pMDI at concentrations of 0, 0.2, 1.0 or 6.0
mg/m?, 6 hours/day, 5 days/week for 2 years. pMDI aerosols generated from pMDI
liquid using compressed air were used. Eight pulmonary adenomas (6/60 in males, 2/60
in females) and one pulmonary adenocarcinoma (1/60 in males, 0/60 in females) were
observed in the 6.0 mg/m?®exposure group. Lung tumours were not identified in the
other exposure groups. Tumours identified in other organs were not considered to be
treatment-related. Non-neoplastic effects of this study are described in the subsection
under “Other non-cancer effects”.

Hoymann et al. (1995) conducted an inhalation carcinogenicity study in female Wistar

rats. The animals (80/group) were exposed to 4,4'-MDI aerosols at concentrations of 0,
0.23, 0.70 or 2.05 mg/m?, 17 hours/day, 5 days/week for 2 years. Tumour incidence
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data were available for the highest exposure group only. One animal (1/80) in the
highest exposure group developed a single bronchio-alveolar adenoma.

A large retrospective cohort study was identified to investigate potential health effects
associated with exposure to diisocyanates (Sorahan and Nichols 1993, 2002). The
study included monitoring of 5824 male and 2464 female employees from 11 factories
manufacturing flexible polyurethane foams. Of the 11 factories, 4 used toluene
diisocyanates (TDIs) and 7 used TDIs and MDIs. Exposure levels were not available.
Mortality and cancer morbidity data were collected from 1958 to 1998. No significant
positive trend between the risk of lung cancer or the risk of non-malignant diseases of
the respiratory system (no further details provided) and duration of exposures to
diisocyanates was found in men. In women, there was a significant increase in
standardized mortality ratio (SMR) for lung cancer, but the authors concluded that the
development of lung cancer was not likely due to diisocyanate exposure (no explanation
for this conclusion was provided There were limitations of the study; for example,
smoking habits and dietary factors were not taken into account. The effects of
sensitization were not examined in this study.

In in vitro mutation assays, MDIs yielded mixed results depending on the type of solvent
used.

In Ames assays, results differed depending on whether MDIs were dissolved in DMSO,
in acetone or in ethylene glycol dimethyl ether (EGDE). When MDIs were dissolved in
DMSO, positive responses were observed in Salmonella typhimurium TA 98 and TA
100 in the presence of metabolic activation (S9). Negative responses were observed in
other strains (TA 1535, TA 1537 and TA 1538) in the presence or absence of S9.
Negative responses were observed in TA 98 and TA 100 in the absence of S9
(Andersen et al. 1980; Herbold 1980a, 1980b; Woolrich 1982; Shimizu et al. 1985;
Herbold et al. 1998; Zeiger et al. 1987; Seel et al. 1999). When MDIs were dissolved in
acetone, the results in Salmonella typhimurium TA 100 were weakly positive with S9
and negative without S9 (Herbold 1980c). When MDIs were dissolved in EGDE,
negative responses were observed in strains TA 1535, TA 1537, TA 1538, TA 100 and
TA 98 in the absence or presence of S9 (Herbold 1990a, 1990b; Herbold et al. 1998;
Seel et al. 1999). Studies showed that traces of water content in commercial DMSO can
hydrolyze the isocyanate groups of MDIs into a number of products including
methylenediphenyl diamines (MDAS), ureas, polyureas, and carbon dioxide within a
short period of time. Also, DMSO can act as a catalyst in the hydrolysis reaction, shown
in IR spectroscopy and HPLC analysis (Herbold et al. 1998; Seel et al. 1999). In
contrast, MDIs are more stable in EGDE even if traces of water are present. Herbold et
al. (1998) examined the stability of MDIs in DMSO and in EGDE in the presence of
traces of water. For MDIs dissolved in DMSO with 0.04% water content, HPLC analysis
showed that the MDI content was 86.5% at the beginning, 22.1% after 15 minutes, and
1% after 30 minutes, and MDIs became not detectable after 45 minutes. For MDIs
dissolved in EGDE with 0.07% water content, 99.1% of MDIs remained after 4 hours.
When the water content increased to 0.47%, 93.3% of MDIs was detected after 1 hour,
and 78.9% remained after 4 hours.

93



Screening Assessment MDI/MDA Substance Grouping

In mammalian cells, induction of gene mutation in mouse lymphoma L5178Y TK+/- cells
was only observed in DMSO at high concentrations of MDIs in the presence of S9
(McGregor et al. 1981a, 1981b). These results might have been confounded by the
stability of MDIs in DMSO. DNA damage was not observed in human cells exposed to
4,4'-MDI dissolved in EGDE (Vock et al. 1998). In a chromosome aberration assay,
positive results were observed in human whole-blood lymphocytes treated with 4,4'-MDI
dissolved in acetone. However, the presence of “polymer-like fibres” was observed on
microscopic slides suggesting that MDIs might not be stable in acetone (Maki-
Paakkanen et al. 1987). Positive results were observed in cell transformation assays
when hamster cells were treated with MDIs dissolved in DMSO in the presence and
absence of S9 (Poole and Harris 1980a, 1980b).

In vivo assays for MDIs included several DNA adduct assays and micronucleus
induction assays. Weakly positive results were observed for DNA adducts in rats
exposed to 4,4'-MDI either dermally or by inhalation (Vock and Lutz 1995a, 1997; Vock
et al. 1995b, 1996). In some cases, the DNA radioactivity was too low for nucleotide
analysis and the covalent binding index was very low compared to positive controls.
Vock et al. (1995b) stated that in comparison with the genotoxic skin carcinogen 7,12-
dimethylbenz[a]anthracene on the other hand, the DNA-binding potency of MDI was
more than 1000-fold lower.. Mostly negative results were identified in micronucleus
induction assays conducted in mice and rats by intraperitoneal injection or by inhalation
(JETOC 1982; Zhong and Siegel 2000; Pauluhn et al. 2001; Lindberg et al. 2011).

Limited and inconclusive genotoxicity studies were identified in MDI-exposed humans.
Marczynski et al. (1994a, 1994b, 2005) conducted several studies on the effect of MDIs
on DNA damage either in MDI-exposed workers, in healthy volunteers or in mild
asthmatic volunteers. The healthy and asthmatic volunteers had not previously been
exposed to MDIs. Blood samples were collected before and after MDI inhalation
exposure (0.05 to 0.31 mg/m?* for up to 2 hours). DNA damage was analyzed in
lymphocytes. No significant increase in DNA strand break frequency was observed. In
the Marczynski et al. (2005) study conducted on healthy and asthmatic volunteers, the
authors noted that there was a small and susceptible group (10%) that had higher
frequencies of DNA strand breaks, though it did not reach statistical significance. The
MDIs used in these studies consisted of a mixture with 60% MDIs, 30% various
triisocyanates, and 10% undefined diisocyanates.

The mode of action for the respiratory tract tumours observed in rodents has not been
fully elucidated. IARC (1999) noted that the incidence of lung tumours observed in
Reuzel et al. (1994a) could not be “attributed confidently either to a non-specific small
inhaled particle effect or to the chemical composition of the particles.” There are two
postulated mechanisms of carcinogenesis described by ECJRC (2005), one pertaining
to sustained inflammatory response and another to a genotoxic mechanism via the
potential MDA metabolite. However, MDAs were not identified in MDI toxicokinetic
studies, and it has been suggested that MDAs are not significant metabolites in rats
exposed to MDIs (see section 8.2.2.5).
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8.2.2.2 Reproductive and developmental toxicity

No reproductive toxicity studies were identified. In a repeated-dose inhalation toxicity
study conducted by Reuzel et al. (1994a), rats were exposed via inhalation to pMDI at
concentrations of 0, 0.2, 1.0 or 6.0 mg/m?®, 6 hours/day, 5 days/week for 24 months.
Information regarding the gross pathology and histopathology of testes were available
and showed no exposure-related toxicity. In female rats, ovary weights were not
measured.

In terms of developmental toxicity, Buschmann et al. (1996) reported a developmental
NOAEC of 3 mg/m?. A statistically significant increase in asymmetric sternebrae in rat
fetuses was observed at 9 mg/m>; however, there is uncertainty as to whether this
anomaly, considered minor, is a treatment-related effect. Pregnant rats were exposed
via inhalation to 4,4'-MDI at concentrations of 0, 1, 3, or 9 mg/m?, 6 h/day, from
gestation day (GD) 6 to 15. The fetuses were examined on GD 20. Maternal effects
included a decrease in food consumption in all exposed groups during exposure, which
returned to control values after the last exposure on GD 15. Significant increases in
absolute and relative lung weights were observed in pregnant rats exposed to 9 mg/m?®.
Asymmetric sternebrae is a common variant in this strain and in rats. The observed
incidence is within the limits of biological variability of the rat strain used. In addition, the
increased incidence occurred at doses that also caused maternal toxicity (i.e.,
decreased food consumption, increased lung weights). No other reproductive or fetal
effects were observed; parameters measured included the number of corpora lutea,
implantation sites, pre- and post-implantation loss, fetal and placental weights, gross
and visceral anomalies, and degree of ossification.

8.2.2.3 Sensitization

The European Commission has classified MDIs (CAS No. 101-68-8, 5873-54-1, 2536-
05-2, 26447-40-5, 9016-87-9) as Category 1 respiratory sensitizers and Category 1 skin
sensitizers (European Commission 2015b).

Respiratory sensitization

Currently, there is no internationally harmonized standard or guideline for experimental
animal studies for identification of potential respiratory sensitization for human health
risk assessment (Health Council of the Netherlands 2008; IPCS 2012). The respiratory
tracts of animals and humans are very different (Harkema et al. 2006; Zosky and Sly
2007), and there is limited confidence in the quantitative extrapolation of sensitization
effect levels from animals to humans.

Guinea pig hypersensitivity is one of the more common non-standard tests used to
examine sensitization potential. For this test, respiratory hypersensitivity was induced in
guinea pigs that became sensitized after an acute exposure to a high concentration
(135 mg/m® or above) of MDIs (Pauluhn and Mohr 1994; Pauluhn 1995). Respiratory
hypersensitivity was also induced in guinea pigs that became sensitized after being
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exposed to lower concentrations of MDIs for 5 consecutive days (17-22 mg/m?, 3 h/day
for 5 days) (Thorne et al. 1986; Karol and Thorne 1988; Griffith-Johnson et al. 1990).
MDI-sensitized animals have been reported to develop cross-sensitization to other
isocyanate compounds (McDonnell 1971).

A rodent asthma model based on allergic airway inflammatory responses in Brown
Norway rats, measured as levels of eosinophils, neutrophils and lymphocytes in
bronchoalveolar lavage, has been proposed (Pauluhn 2008a, Pauluhn and Poole 2011).
Pauluhn et al. (2008a, 2011) established an elicitation threshold of 5 mg/m?® of pMDI on
the basis of induction triggered by an exposure to pMDI of 936 mg/m? via nose-only
inhalation for 10 min/day for 5 days. This model is valuable in demonstrating some
critical aspects of asthma and its pathogenesis. However, this elicitation threshold is not
recommended as a direct point of departure for risk characterization in accordance with
the Guidance for Immunotoxicity Risk Assessment for Chemicals (IPCS 2012).

In humans, the reported health effects associated with MDIs exposure can range from
individuals being asymptomatic to severe responses such as hypersensitivity
pneumonitis or severe asthma symptoms.

In the workplace, MDI-specific immunoglobulin E and G antibodies (IgE, 1gG) have been
detected in exposed MDI workers (Zeiss et al. 1980; Pezzini et al. 1984; Tse et al. 1985;
Liss et al. 1988; Cartier et al. 1989). However, these specific antibodies are not good
predictors of health effect risk (US EPA 1998; IPCS 2000). For example, elevated levels
of the MDI-specific IgG can be found in both exposed asymptomatic workers and
individuals diagnosed with occupational asthma (Lushniak et al. 1988; Baur et al. 1994).

Fatal asthma cases potentially linked to MDI sensitization as a result of exposure in
occupational settings have been reported (NIOSH 1996; Carino et al. 1997; MIFACE
2003; MIOSHA 2004; Chester et al. 2005). Post-incident investigation often identified
inadequate exposure controls (e.g., exhaust ventilation) and measured MDI
concentrations.

Cases of MDI-related occupational asthma, where there was co-exposure to other
substances, have been reported in various occupational settings including,
manufacturing facilities, body shops, and hospitals (Liden 1980; Leroyer et al. 1998;
Dietemann-Morland et al. 1991; Sommer et al. 2000; Lemiere et al. 2002; Perfetti et al.
2003; Bonauto and Lofgren 2004; Chester et al. 2005; Suojalehto et al. 2011). In some
of the cases, workers developed both respiratory and dermal sensitization (Kanerva et
al. 2001; Donnelly et al. 2003; Valks et al. 2003; Stingeni et al. 2008). Cases of
occupational hypersensitivity pneumonitis linked to MDI exposure have also been
reported (Malo et al. 1982; Baur et al. 1984; Bascom et al. 1985; Walker et al. 1989;
Schreiber et al. 2008). The concentration of MDIs inducing the sensitization effect is not
always known. In some cases, spills of MDIs were identified.

A number of epidemiology studies that examined respiratory effects, including
occupational asthma in manufacturing plants where workers handled MDIs, were
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identified. Similar to the case reports, in most instances, the air concentrations of MDI in
the workplace were not reported (Diller and Herbert 1983; Pham et al. 1988; Petsonk et
al. 2000; Wang and Petsonk 2004).

The American Conference of Governmental Industrial Hygienists (ACGIH), the US
Occupational Safety and Health Administration (OSHA) and NIOSH have identical
occupational standard limits for MDI levels in the air: 0.05 mg/m?® as an 8-h time-
weighted average (TWA) and 0.2 mg/m? as the 10-minute ceiling limit. (ACGIH 1996;
CDC 2012; OSHA 2012). In some plants where MDI levels in the air were monitored,
the levels were reported to occasionally exceed the occupational standard limit
(Vandenplas et al. 1993a; Pham et al. 1978). However, in plants where air
concentrations of MDIs were monitored, the potential for dermal exposures and the
degree of compliance with protective measures were not clearly described.

In a longitudinal cohort study, there were no significant changes in respiratory function
in workers who were exposed to levels up to 0.01 mg/m? of MDlIs in the air in a
polyurethane foam plant (Sulotto et al. 1990). The exposure level was based on one
week of continuous tape monitoring, and the workers had been working in the plant for
an average of 14 years. Respiratory functions (forced vital capacity [FVC], forced
expiratory volume in 1 second [FEV1], %FEV1/FVC, and FEF25-75) were measured.

In a cross-sectional study, workers were exposed to MDIs during window fixation and
window glue processes in an automobile manufacturing company (Kakooei et al. 2006).
On the basis of personal sampling measurements taken 3 times, the average MDI
exposure level was 0.03453 mg/m? during the window fixation process and 0.02727
mg/m? during the window glue process. A significant decrease was observed in
respiratory functions (decreased lung capacity, %FEV1/FVC and percent of peak
expiratory flow [%PEF]) in workers compared to controls. However, the workers may
have become sensitized over the years since they had worked in the same plant for an
average of 6 years. The study was conducted in the summer, when windows of the
plant were opened for ventilation. Workers reported that windows were kept partially or
fully closed in the winter, suggesting increased air concentrations of MDI in the winter
months.

In a cross-sectional study, MDI levels were monitored 24 h/day every day in a three-
year-old urethane mould plant designed to minimize human exposure to MDIs
(Bernstein et al. 1993). Area monitors were installed at multiple sites in the plant for
continuous monitoring of MDIs. Although specific MDI concentrations in air were not
available in the study report, it was indicated that measured levels had always been
below the occupational standard limit of 0.05 mg/m?. The entire workforce (243 workers)
was involved in this study, and three cases of occupational asthma were diagnosed by
physicians. The diagnosed workers all worked in areas where they could have been
exposed accidentally to high levels of MDIs in the form of a liquid or fumes. One of the
workers recalled the onset of asthmatic symptoms 2 weeks after an accidental exposure
to a large MDI spill. One of the workers was a control subject selected randomly among
workers who self-reported to be symptom-free but diagnosed by physicians with
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possible occupational asthma on the basis of lung function testing. The three workers
were transferred to a diisocyanate-free working environment and re-evaluated after a
year. Lung function improved in all three workers. Physicians confirmed that the
occupational asthma of these workers became inactive. The control worker who
reported to be symptom-free also showed improved lung function after working in an
isocyanate-free environment and was therefore confirmed to have had occupational
asthma.

In a five-year longitudinal study conducted by Musk et al. (1982, 1985), 94 workers from
2 plants exposed to MDIs and TDIs were followed. TDI levels were measured over 4
years with a maximum level of 0.05 mg/m?, and MDI levels were measured for 1 to 2
years with a maximum level of 0.04 mg/m3. Over the 5 years of the study, 2573
environmental samples were collected. Workers were divided into 4 exposure groups
(none, TDI-only, MDI-only, TDI and MDI-coexposed) using the collected environmental
measurements and occupational history. Smoking status was also considered. No
significant changes in pulmonary functions based on FEV1 values were observed in the
exposed groups compared to the non-exposed group. The exposed subjects
demonstrated a normal age- and smoking-related rate of decline in FEV1, which was
not considered to be related to isocyanate exposure (Musk et al. 1982, 1985).

Gee and Morgan (1985) examined the ventilatory capacity of 68 workers exposed to
MDIs and TDIs. The study included 42 workers who had been studied in 1971 by Musk
et al. (1982, 1985) as a 10-year follow up. The mean annual concentrations of TDIs and
MDIs were available for the periods 1973 to 1980 and 1975 to 1981, respectively. The
highest mean annual concentrations of TDIs and MDIs were 0.024 mg/m® and 0.05
mg/m?, respectively. No significant changes in the spirometry values (FVC and FEV1) of
the exposed groups were observed compared to predicted FVC and FEV1 values.

MDIs were introduced in a woodchip board manufacturing plant that had never used
isocyanates previously, as reported in a study by Vandenplas et al. (1993a), and a
number of workers started to complain of respiratory symptoms as early as 2 weeks
after MDIs were first used. After three months, 8 of the 167 workers employed in the
plant were diagnosed with hypersensitivity pneumonitis associated with MDIs.
Hypersensitivity pneumonitis was diagnosed using an MDI inhalation challenge. These
workers developed immunoglobulin G (IgG) and IgE antibodies specific to MDI human
serum albumin conjugates. The exposure level was approximately 0.06 mg/m? based
on two surveys conducted two months after the initial use of MDIs.

In other epidemiological studies where MDI levels in the air were higher, ranging from
0.1 to 0.87 mg/m?, cases of occupational asthma, respiratory and pulmonary effects
were observed in exposed workers (Pham et al. 1978; Kolmodin-Hedman et al. 1980;
Diller and Herbert 1982, 1983; Martin et al. 1982; Meredith et al. 2000).

Considering the overall information available from the epidemiological studies discussed

above, it appeared that no significant effects were observed at 0.05 mg/m?*for healthy
individuals exposed to diisocyanates in an occupational setting. Uncertainties exist at
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this effect level as limitations exist in the epidemiological database. A summary of

epidemiological studies is presented in Table 8-9.

Table 8-9. Summary of epidemiological studies on MDIs

No. of
Isocyanate Expos_ure subjects Duration of study/
: duration Reference
concentration exposed Health effects
(average)
(control)
0.01 mg/m?® Followed for 1
. week/no significant
(maximum level respiratory effects
of MDls, P y Sulotto et
14 years 27 (27)
measurements al. 1990
conducted over (FVC, FEVI,
1 week) FEV1%/FVC,
FEF25-75)
Average 0.03 Decreased
mg/m* MDlIs respiratory
(personal functions compared | Kakooei et
sampling in 1 6 years 39 (117) to controls (lung al. 2006
day, capacity,
N=3/person) %FEV/FVC, %PEF)
Less than
occupational
standard limit of .
0.05 mg/m?® 18.2 243 workers v:\?i/tf:lgc((:;zngrtzgﬁgl Bernstein
MDIs (monitored months (entire plant) P et al. 1993
. asthma
24 h/day since
plant is
operating)
0.04
mg/m3*(MDlIs)
, 2 years FoIIoweq fqr_ 5
O()(?rlgnlggm MDIs) and 94 (from 2 yearg{lr;?] sg;sn;l;:cant Musk et al.
4 years plants) 9 1982, 1985
(TDIs) pulmonary
functions (FEV1)
(maximum
measured levels)
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No. of
Isocyanate Ed)LpthSigrne subjects Duration of study/ Reference
concentration (average) exposed Health effects
(control)
3 42 workers were
0.05 mg/m 78 years studied in Musk et
(MDls) (MDls), 68 (12) from 2
0.024 mg/m?® 9 years plants al. (1982, 1985) Gee and
(TDIs) (TDIs) and followed for 10 Morgan
years/no changes 1985
. in respiratory and
(hlggﬁ?‘tur;anlean pulmonary
concentration) functions (FVC and
FEV1)
3 8 workers
M8|26(br22g3 on 2 \;\:)egks 167.workers confirmed.v.vith Vandenplas
2 surveys) months (entire plant) hypersen5|t_|\_/|ty et al. 1993
pneumonitis
Pham et al.
1978,
Kolmodin-
Hedman et
al. 1980;
Occupational Diller and
0.1-0.87 mg/m?® 1-7 . asthma, decrease | Herbert
of MDlIs —fyears various in pulmonary 1982; Diller
function and Herbert
1983;
Martin et al.
1982;
Meredith et
al. 2000

Use of toluene diisocyanate (TDIs) as analogues

Effects of MDIs following acute or short-term exposure have not been examined
systematically in human volunteer studies, even though some of the occupational
cohorts may have had acute exposures. A level of uncertainty in exposure estimates
from the epidemiology studies exists. To facilitate the human health effects assessment,
a search was conducted to identify appropriate chemical analogues that are structurally,
physicochemically and toxicologically similar for read-across purposes. TDIs were
identified as appropriate analogues in this assessment to derive effect levels for
respiratory effects, including sensitization, from acute exposure to MDIs. The rationale
for this read-across is presented in Appendix H. Key human volunteer studies
examining effects of acute or short-term exposure to TDIs are described below and
summarized in Table 8-10.
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There were several TDI inhalation studies conducted on human volunteers who had not
previously been exposed to isocyanates. No respiratory effects were observed when 17
healthy humans were exposed to TDIs at 0.030 mg/m?® for 6 hours followed by an
exposure to 0.14 mg/m® of TDIs for 20 minutes (Vandenplas et al. 1999). No respiratory
effects were observed when healthy or asthmatic volunteers were exposed to TDIs at
0.14 mg/m?® for 15 to 30 minutes in 3 independent studies by Fabbri et al. (1987), Moller
et al. (1986), and Chester et al. (1979). When 10 healthy volunteers were exposed to
TDIs at 0.14 mg/m?® for 2 hours, 1 volunteer responded with a positive airway reaction
(Vogelmeier et al. 1991). In asthmatic volunteers, i.e., with airways possibly sensitized
to multiple allergens, positive airway reactions were observed at an exposure level as
low as 0.071 mg/m?® for a 1- to 2-hour exposure duration (Vogelmeier et al. 1991; Baur
1985).

Table 8-10. Summary of human volunteer studies with TDIs

Equsure NO.' of Health effects References
conditions subjects
0.030 mg/m® for 17 healthy
6 h, followed by volunteers Vandenplas
0.140 mg/m® for (smokers and No adverse health effects et al. 1999
20 min non-smokers)
6—10 healthy
volunteers in Fabbri et al.
3 each study; 1987; Moller
O.idég%/rrnnir:‘or No adverse health effects et al. 1986;
10 asthmatic Chester et
volunteers in al. 1979
one study
Healthy volunteers:
No asthmatic response
10 healthy. (defined as 100% increase
volunteers; of airway resistance)
0.071 mg/m? for y
1 h, rest for 45 15 asthmatic . ] Baur et al.
. 3 Asthmatic volunteers:
min, 0.14 mg/m volunteers 3 : 1994
i At 0.071 mg/m°, 1 subject
for1lh (13 subjects
; developed a severe
continued at . o
0.14 mg/m?) asthrrglatlc reaction; At0.14
' mg/m?, 1 subject developed
an asthmatic reaction
Healthy . 10 healthy nglthy volunt'eer.s:
volunteers: _ An initial increase in airway
3 volunteers; :
0.14 mg/m* for resistance returned to
_ : Baur 1985
2 h; . normal after 30 minutes of
15 asthmatic b
. volunteers exposure, 3 Sul jegts
Asthmatic reported eye irritation

101




Screening Assessment MDI/MDA Substance Grouping

Equsure NO.' of Health effects References
conditions subjects
volunteers: and/or cough
0.071 mg/m? for
1 h, rest for Asthmatic volunteers:
45 min, No significant effect as a
0.14 mg/m*for 1 h group, 4 subjects
developed significant
bronchial obstruction,
increased specific airway
resistance >50%. The 4
subjects also reported
chest tightness, rhinitis,
cough, dyspnea, throat
irritation and/or headache.
Healthy Healt_hy volunteers: 1
. subject developed a
volunteers: ositive airway reaction
0.14 mg/m*for 2 h 10 healthy P y '
. volunteers; Asthmatic volunteers: Vogelmeier
Asthmatic i
] . 1 subject developed et al. 1991
volunteers: 14 asthmatic ”» : )
3 positive airway reaction at
0.071 mg/m* for volunteers 3 .
0.071 mg/m°, 2 subjects
1 h, followed by o :
0.14 mg/m® for 1 h develo_ped positive alrw3ay
' reaction at 0.14 mg/m”.

On the basis of the information available from controlled human studies conducted with
TDIs discussed above, an acute respiratory effect level for asthmatics was established
at 0.071 mg/m? for asthmatics and at 0.14 mg/m?*for healthy volunteers.

In sensitized individuals, a very low concentration of MDIs, called the elicitation
concentration, can trigger sensitization responses such as respiratory effects and
asthma. The lowest identified elicitation concentration documented in the literature is
0.00051 mg/m? in a dermally sensitized nurse who occasionally applied orthopedic
plaster casts containing MDIs to patients (Suojalehto et al. 2011). Other elicitation
concentrations identified in the published literature, ranging from 0.01024 to 0.0026
mg/m? (Suojalehto et al. 2011; Lemiére et al. 2002), indicated that an elicitation
threshold level can be exceptionally low in sensitized individuals. In other individuals,
elicitation concentrations ranging from 0.05 to 0.1 mg/m? of MDIs were identified (Karol
1986; Talini et al. 2010; Carino et al. 1997). Thus, the concentration that can elicit a
response among sensitized individuals is highly variable.
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Dermal sensitization

The data are consistent in demonstrating that MDIs are skin sensitizers. Assays for skin
sensitization in the mouse local lymph node assay (LLNA) show that MDlIs are potent
skin sensitizers. Five independent mouse LLNA studies showed positive results
(Dearman et al. 1992; Plitnick et al. 2005; Selgrade et al. 2006; US EPA 2006; Study
Submission 2012i). An EC3 value (the dose of a chemical that is required to elicit a 3-
fold increase in proliferation activity in LLNA assay compared to concurrent vehicle
controls) of 0.08% was identified in Selgrade et al. (2006). In two other studies, EC3
values of 0.07% and 0.28% were approximated by Health Canada using the linear
regression model described in Basketter et al. (2005) (Dearman et al. 1992; Plitnick et
al. 2005). EC3 values cannot be identified or calculated in the other two studies (US
EPA 2006; Study Submission 2012i).

A comparison of EC3 values from LLNA and human sensitization tests of large datasets
of various chemicals suggests that EC3 values correlate linearly with human
sensitization thresholds (Griem et al. 2003; Basketter et al. 2005; Api et al. 2009). Thus,
EC3 values have been suggested as adequate values to determine a non-expected
sensitization induction level (NESIL) or to serve as a surrogate NOEL in quantitative risk
assessment (Api et al. 2008; Loveless et al. 2010; IPCS 2012; Peiser et al. 2012).

According to IPCS (2012), the dose metric recommended for use in dermal sensitization
risk assessment is the amount of a chemical applied per area of skin. From the LLNA
studies conducted by Plitnick et al. (2005), Selgrade et al. (2006) and Dearman et al.
(1992), EC3 values were converted to 0.0175 mg/cm?, 0.02 mg/cm?and 0.070 mg/cm?,
respectively.* The EC3 value of 0.02 mg/cm? from Selgrade et al. (2006) is considered
to be the most appropriate value since the study was conducted according to OECD
standard testing guidelines.

In addition to LLNA studies, other experimental models that assess dermal sensitizing
potential also showed consistent results. Three mouse ear swelling tests conducted on
2 different strains of mice showed positive results (Thorne et al. 1987; Ishizu and Goto
1980; Tanaka et al. 1987). Mixed results were observed in two guinea pig maximization
studies (Duprat et al. 1976; Tanaka et al. 1987).

Two healthy volunteers developed skin sensitization 7 to 10 days after an acute dermal
exposure to 4,4'-MDI (Hamada et al. 2012). The volunteers, who had no known history
of allergy to isocyanates, were dermally exposed to 4,4'-MDI (surface concentration of
0.800 mg/cm?), and the exposed area was occluded for 8 hours. The surface
concentration of 0.800 mg/cm?is based on regular patch testing dose of 20 mg of 2.0%
vt/vol commercial available patch test preparation. After a period varying between 7 and
10 days post-exposure, allergic contact dermatitis reactions occurred. Patch testing
using serial dilutions with 4,4-MDI, 4,4'-MDA, p-phenylenediamine (PPD) or

* Calculation of the skin area dose is based on the assumption that 25 pl of the dose was applied onto 1
cm? of the ear skin on each mouse ear per IPCS (2012).
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dicyclohexylmethane-4,4'-diisocyanate (DMDI) was performed. Patch testing indicated
that both volunteers were sensitized to 4,4'-MDA. One of the volunteers was sensitized
to 4,4'-MDI. Some studies proposed that MDA is a marker for MDI contact sensitization
(Estlander et al. 1992; Goossens et al. 2002; Frick-Engfeldt et al. 2007). Patch testing in
dermatitis patients who are positive to 4,4'-MDI and pMDI has been shown to have
positive reactions to 4,4-MDA. However, the authors also noted that the results of the
study do not fulfil the criteria in the traditional definition of active sensitization. The study
was considered limited due to its very small sample size.

There are a number of case studies describing workers who have developed dermal
sensitization after occupational exposure to MDIs (Liden 1980; Estlander et al. 1992;
Hannu et al. 2005; Engfeldt et al. 2013; Engfeldt and Ponten 2013; Kiec-Swierczynska
et al. 2014). Furthermore, cross-reaction with other isocyanates has been observed.
Stingeni et al. (2008) reported that a worker exposed to 4,4'-MDI occupationally for a
year developed isocyanate-specific IgE positive to MDI, HDI and TDI even though he
had never been exposed to either HDI or TDI. In animal studies, mouse ear swelling
tests also showed evidence of cross-reactivity with other isocyanates (Thorne et al.
1987).

Some evidence suggests dermal and respiratory sensitization responses are linked,
since sensitization is a systematic response, and dermal exposure to MDIs may lead to
subsequent respiratory sensitization.

In a study by Rattray et al. (1994), guinea pigs were acutely exposed to concentrations
of MDlIs ranging from 19.4 to 24.7 mg/m?®. Although respiratory hypersensitivity was not
observed following the inhalation challenge, some animals developed dermal
hypersensitivity. In another study, when guinea pigs were exposed to MDIs
intradermally either once or repeatedly, respiratory hypersensitivity was observed
following the inhalation challenge with MDIs (Pauluhn and Mohr 1994). In a mouse
asthma model, animals were first sensitized dermally, followed by a resting period and a
30-minute inhalation challenge with MDI-albumin conjugates (Wisnewski et al. 2011b).
These mice developed non-specific airway hyperreactivity, which was considered an
asthma-like response. Similar effects were demonstrated in rat asthma models by
Pauluhn (2008b) and Selgrade et al. (2006). Overall, animal studies showed consistent
results in demonstrating that induction by skin exposure can lead to asthma-like
responses with subsequent inhalation exposures.

In manufacturing plants where air MDI levels are continually measured and maintained
below the occupational exposure limit, new cases of isocyanate-induced respiratory
sensitization continue to be identified (Petsonk et al. 2000; Bernstein et al. 1993; Wang
and Petsonk 2004). Evidence suggests that skin exposure might be an area that has
been overlooked (Bello et al. 2007b; Redlich 2010). Dermal exposure levels in
occupational settings have rarely been measured. In one case, a worker developed
allergic contact urticaria and asthma following direct extensive hand contact with a large
amount of MDI glue for a prolonged period of time (Valks et al. 2003). The dermal
exposure level was unknown, and inhalation exposure may have been present. There
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are a number of documented cases where workers who applied MDI-based orthopedic
casts developed what is thought to be MDI-related sensitization (Donnelly et al. 2003;
Sommer et al. 2000; Suojalehto et al. 2011). However, inhalation and dermal exposure
levels were unknown. Suojalehto et al. (2011) estimated exposure levels in a hospital
setting by measuring diisocyanate concentrations in the air during a casting simulation
(the synthetic plaster cast was rolled over a piece of wood) and during normal casting
work in two hospitals. Diisocyanate concentrations in the air were measured in the
breathing zone, near the casting spot (15 cm above), and near the sawing spot (when
removing cast), and levels ranged from 0.02 to 2.5 ug NCO/m?®. The measured levels
were below the Finnish occupational exposure limit of 35 pg NCO/m?®, which
corresponds to about 100 pg/m*® monomeric MDI. The sampling period in the breathing
zone in the two hospitals included phases with no casting work.

8.2.2.4 Other non-cancer effects

Respiratory effects following inhalation of MDIs, other than sensitization-related effects,
have been reported in experimental animals.

Transient changes in the bronchoalveolar lavage (BAL) fluid of rats that were exposed
(nose only) to MDls at 0, 0.7, 2.4, 8 or 20 mg/m® for 6 hours (Pauluhn 2000) were
observed. Animals were observed and BAL fluid was collected 3 hours, 1 day, 3 days
and 7 days after exposure. On the basis of transient changes in BAL fluid at 0.7 mg/m®
(changes in lactate dehydrogenase, total protein, angiotensin-converting enzyme and
phospholipids observed 3 hours and one day post-exposure were restored to control
levels on day 3 post-exposure), the author concluded that a transient dysfunction of the
pulmonary epithelial barrier was observed, which indicated a dysfunction of pulmonary
surfactant. In a subsequent publication by Pauluhn (2002) based on the Pauluhn (2000)
study and other studies, an acute irritant threshold concentration of 0.5 mg/m? was
estimated. Minimal histological changes in the lungs were observed at a concentration
of 10 mg/m? in rats exposed to pMDI at 0, 10, 30 or 100 mg/m? for 6 hours (Kilgour et al.
2002).

In a short-term toxicity study, a LOEC of 1 mg/m® was identified. This effect level was
based on a transient increase in surfactant levels in the alveolar macrophages and
lumina in rats exposed to pMDI at concentrations of 0, 1, 4 or 10 mg/m® for 6 hours/day,
5 days/week for 4 weeks (Kilgour et al. 2002). In the same study, minimal histological
changes, bronchiolitis and thickening of the central acinar regions were observed at 4
mg/m?®. The effects were recovered by 30 days post-exposure.

For subchronic exposure, a LOEC of 1.0 mg/m?® was identified on the basis of
histopathological changes in the lungs observed in female rats. In the study, animals
were exposed to 4,4'-MDI at 0.3, 1.0 or 3.0 mg/m? for 18 hours/day, 5 days/week for 90
days (Heinrich et al. 1991). However, only an abstract of the study was available. A
more appropriate LOEC for subchronic exposure was 4.1 mg/m?>. It is based on
accumulation of alveolar macrophages in the lung, macrophages accumulation in the
mediastinal lymph node and histopathological changes in the nasal cavity in rats
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exposed to pMDI at 0, 4.1, 8.4 or 12.3 mg/m®, 6 hours/day, 5 days/week for 13 weeks
(Reuzel et al. 1994b).

Reuzel et al. (1990, 1994a) identified a chronic NOAEC of 0.2 mg/m? on the basis of a
significant increase in basal cell hyperplasia in the olfactory epithelium and a significant
increase in Bowman’s gland hyperplasia in male rats at the next dose level of 1.0
mg/mg°. Male and female rats were exposed to pMDI at 0, 0.2, 1.0 or 6.0 mg/m®, 6
hours/day, 5 days/week for 24 months (Reuzel et al. 1990. 1994a). In both sexes, there
was a significant accumulation of macrophages with yellow pigment in the lungs and the
mediastinal lymph nodes, where the effect was considered minimal at 1.0 mg/m?® and
moderate at 6.0 mg/m?. Localized fibrosis surrounding the alveolar duct epithelialization
was observed at 1.0 mg/m? or higher.

Overall, the respiratory tract was the target organ most affected in the inhalation
studies, with initial inflammatory responses followed by an increase in cell proliferation.
With prolonged exposure, histological changes appeared and eventually resulted in
hyperplasia.

8.2.2.5 Toxicokinetics

In animal inhalation studies, exposure to pMDI results in significant deposition both in
the nasal region and in the alveolar region of the lungs (Reuzel et al. 1990; 1994a,
1994b). In an unpublished pharmacokinetic study (Saclay 1977), nose-only exposure of
male Sprague-Dawley rats (12) to an aerosol (particle sizes less than 5 pum) of
radiolabeled monomeric MDI for 15 minutes resulted in distribution of radioactivity,
predominantly to the lungs and a variety of extrarespiratory sites, principally muscle,
liver, kidneys, and the digestive tract. Labeling of the digestive tract was considered to
be a result of transference of labeled material from the lungs. After 4 days, 70% of the
absorbed dose was eliminated, with fecal elimination being predominant (57%). When
animals were exposed to MDIs in the air (whole body or head only) (Laboratoire
d’Etudes du Métabolisme des Médicaments 1977; Kennedy and Brown 1998; Gledhill et
al. 2005), which meant they could be exposed to MDI vapour through the nose (via
inhalation) and the mouth (by oral), MDIs were widely distributed in all tissues, with
higher distribution in the respiratory and pulmonary tracts, gastrointestinal system and
blood, followed by liver and kidneys. Generally, a high proportion of MDI was excreted
in feces and a smaller amount was excreted in urine. In the Gledhill et al. (2005)
toxicokinetic study tested on rats, 79% of the MDI dose was excreted in feces and 5%
was excreted in urine over 168 hours post-exposure, whereas in bile duct cannulated
animals, 12, 14 and 34% of the dose was found in urine, bile and feces, respectively,
over 48 hours post-exposure. The high proportion of fecal excretion was probably due
to oral intake from the mouth during whole-body or head-only exposure to MDIs.
Several metabolites identified were N-acetylated and N-acetylated-hydroxylated
products, which suggested that metabolism pathways involved acetylation followed by
oxidation. Given MDAs were not identified in toxicokinetic study, it has been suggested
that MDAs are not a significant metabolites in rats exposed to MDIs.
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MDIs can form protein adducts in the body. Typically, MDI-related albumin adducts and
hemoglobin adducts were measured from blood or urine samples using a harsh
hydrolysis method in the laboratory. After hydrolysis, any MDI will be hydrolyzed to
MDA. Thus, the level of protein adducts is measured on the basis of the level of 4,4'-
MDA in the samples. This hydrolysis method cannot distinguish MDI adduct or any
potential MDA adduct. Although theoretically possible, little evidence is available to that
shows that MDIs biotransform to free MDAs in the body. MDIs can possibly form protein
adducts via mechanisms without the formation of MDAs. In the case of TDlIs, it was
found that TDIs can form adducts with glutathione (GSH) in the lower respiratory tract
(Wisnewski et al. 2011a). The GSH-bound TDIs can travel to other parts of the body to
form more stable adducts.

According to an unpublished study investigating the toxicokinetics of MDIs in pregnant
Wistar rats, animals were exposed to MDIs at 20 mg/m? for 6 hours by inhalation on
GD19. Blood samples were collected from the animals. MDA levels, after acid
hydrolysis of MDIs, were measured in the maternal blood, amniotic fluid, fetus and
placenta immediately after exposure. The highest level of MDA was found in the
maternal blood, followed by the placenta, fetus and amniotic fluid (Bartsch et al. 1996).

In an in vitro dermal absorption study with guinea pigs, rats and human skin,
approximately 58% to 91% of the dose was retained in the skin (Clowes 1997). In
another in vitro skin absorption study conducted in guinea pig skin, absorption of MDIs
(measured using attenuated total reflectance-Fourier transform infrared (ATR-FTIR)
spectrometry) from the skin surface was rapid (85% was absorbed in 30 minutes) (Bello
et al. 2006). The MDIs were found to diffuse into deeper layers of the skin.

In in vivo studies in rats, the systemic dermal absorption of **C-4,4'-MDI was low, i.e., at
or below 1% of the applied dose (Leibold et al. 1998; Hoffmann et al. 2010). When MDIs
were intradermally administered, dermal absorption was 26%. Mild soap and water
were found not to be effective in removing MDI from the skin (Wester et al. 1999).

In a pilot dermal uptake study, two female healthy volunteers who had no previous
history of contact allergy to isocyanates or any respiratory symptoms that could be
related to isocyanates were dermally exposed to 4,4-MDI (Hamada et al. 2012).
Quantities of 10 mg or 25 mg of 4,4'-MDI were dermally applied to the volunteers,
corresponding to a surface concentration of 0.8 mg/cm?, and the treated area was
occluded for 8 hours. Seventy percent of the 4,4'-MDI was recovered from the skin
surface, suggesting that the maximal possible absorbed portion was 30%. However, the
study did not derive a percent dermal absorption.

Lilielind et al. (2010) performed an estimated comparison of body burden from dermal
exposure versus inhalation exposure to MDIs using the assumptions of a dermal uptake
of 1%, a breath volume of 10 m?for 8-hour work shift and 70% uptake from the breathed
air. The authors estimated that the contribution to the body burden from dermal
exposure would be approximately 20 times less than that for inhalation exposure in an
estimated exposure scenario.
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8.3 Characterization of Risk to Human Health
8.3.1 MDAs

No reports of measured concentrations of 4,4-MDA or pMDA in environmental media or
food in Canada were identified. Given the low vapour pressure and high rate of
atmospheric degradation of 4,4'-MDA and pMDA, neither are expected to be presentin
ambient air. The MDA substances are not manufactured in Canada and are not used to
manufacture MDI. According to the available information, industrial uses of MDA and
pMDA substances are limited to a small number of operations in Canada. As such,
exposure to the general population from environmental media is not expected. 4,4'-
MDA and pMDA are not reported to be used in consumer products in Canada.
Exposure of the general population to 4,4-MDA and pMDA is therefore not expected.

Considering principally assessments by international and other national agencies
(IARC, European Commission and OECD) and the available information, a critical effect
for characterization of risk to human health for 4,4'-MDA is carcinogenicity. Increased
incidences of thyroid and liver tumours were observed in a two-year oral study in rats
and mice. There were also some uncommon tumours observed in exposed rats at low
incidences, namely adrenal pheochromocytomas in male mice and alveolar/bronchiolar
adenoma and malignant lymphomas in female mice. In addition, dermal application of
4,4'-MDA has resulted in an dose-related increase in the incidence of hepatic tumours in
female mice. Epidemiological studies have also provided some evidence of bladder
cancer in occupationally exposed humans.

As exposure of the general population to 4,4-MDA and pMDA is not expected, the risk
to human health is expected to be low. While exposure of the general population to 4,4'-
MDA and pMDA is not of concern at current levels, they might have a potential health
effect of concern should exposures increase.

8.3.2 MDIs

Considering the assessments of several international regulatory agencies (US EPA
1998; IPCS 2000; ECJRC 2005) and available information, critical effects associated
with exposure to MDIs are carcinogenicity following inhalation exposure and respiratory
and dermal sensitization. Lung tumours were observed in rats exposed to high
concentrations of MDIs by inhalation for 2 years, but not at lower concentrations. The
collective evidence from genotoxicity studies suggests that MDIs are not likely to be
mutagenic. Some positive genotoxicity results were observed in in vitro studies but were
associated with uncertainties in the selection of solvents. DNA adduct formation is
characterized as weakly positive in vivo.

The European Commission has classified MDIs as Category 1 respiratory sensitizers
and Category 1 skin sensitizers. Animal experimental studies, human case reports and
epidemiological studies all indicate that MDIs are associated with sensitization of the
respiratory tract. Cross-reactivity with other isocyanates was also observed in humans
and in animals. Currently, no validated animal testing models are available to
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characterize respiratory sensitization. The dose-response relationship extrapolation
from animals to humans for the immune-related endpoint is not clear (IPCS 2012). In an
EU risk assessment report conducted on MDIs, a number of animal studies were
described for characterizing the respiratory sensitization endpoint, but “none are
considered as validated assays to assess the potential for respiratory sensitization or
asthma in humans” (ECJRC 2005).

In two longitudinal cohort studies where workers occupationally exposed to MDIs and
TDIs were followed for 5 or 10 years, no significant changes in respiratory or pulmonary
functions were observed when isocyanate concentrations in the air were up to 0.05
mg/m® (Musk et al. 1982, 1985; Gee and Morgan 1985). Three cases of occupational
asthma (among 243 workers) were observed in a study by Bernstein et al. (1993),
where MDI levels in the air had never exceeded 0.05 mg/m®when monitored 24 hours
per day every day in a three-year-old manufacturing plant. However, this incidence is
considered low. It is unclear whether the three workers were previously sensitized, and
the asthma became inactive and lung functions improved in the workers after they were
transferred to an isocyanates-free environment for a year. Another epidemiological
study reported workers developing hypersensitivity pneumonitis after two weeks to three
months of exposure to a concentration of MDIs of approximately 0.06 mg/m?®
(Vendenplas et al. 1993a). There is uncertainty around the actual exposure level
causing an effect since monitoring took place two months after the initial use of MDIs.

On the basis of the collective data from MDI-related epidemiological studies in
occupational settings, and taking into account the limitations of the studies, it was
considered reasonable to establish an effect level at 0.050 mg/m* below which no
significant respiratory effects were observed in humans repeatedly exposed to airborne
MDIs. The same effect level was selected in the Chemical Safety Report on 4,4'-MDI
submitted to European Chemicals Agency under REACH (MDI Consortium 2012). In
that report, a derived no-effect level (DNEL) for acute inhalation of 0.05 mg/m® was
used to characterize the risk from exposure to MDI for the general population; it was
based on the German MAK commission ceiling limit value of 0.1 mg/m?® adjusted for
differences between workers and the general population.

Human studies involving acute duration exposure to isocyanates (TDIs) were identified.
TDIs are considered to be appropriate analogues for MDlIs given similar chemical
substructures and similar respiratory and sensitization effects observed in humans and
animals. An acute respiratory effect level was identified at 0.14 mg/m?on the basis of
possible transient increase in airway resistance in 1 out of 10 healthy volunteers
exposed to TDIs for 2 hours (Vogelmeier et al. 1991)). Of note, this level is not
significantly different from the occupational 10-minute ceiling limit of 0.2 mg/m? for MDIs
in the air (ACGIH 1996; CDC 2012; OSHA 2012).

A potential source of exposure to MDIs is via inhalation of ambient air for the general
population residing in the vicinity of industrial sites (e.g., wood product manufacturing
plant using MDIs). Comparison of the upper-bounding estimate of environmental MDI
concentration of 5.4 x 10* mg/m? in the air near an industrial site to the effect level of
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0.05 mg/m®, based on no significant respiratory effects observed in humans in MDI-
related epidemiological studies, results in a margin of exposure (MOE) of 90.
Comparison of this same upper-bounding estimate of air concentration to the level at
which no tumour or any adverse effect was observed in a chronic two-year inhalation
study conducted on experimental animals (NOAEC of 0.2 mg/m?®, based on a significant
increase in basal cell hyperplasia in the olfactory epithelium and a significant increase in
Bowman'’s gland hyperplasia in male rats at the next dose tested) (Reuzel et al. 1990,
1994a) results in a MOE of 400. Comparison of this upper-bounding estimate of air
concentration to the level associated with incidences of lung tumours in the same two-
year inhalation study (i.e., 6.0 mg/m?) results in a MOE of 11 000. These MOEs are
considered to be adequate to account for uncertainties in the exposure and health effect
databases.

Another potential source of exposure to MDIs for the general population of Canada is
expected to be from use of DIY products. Exposure to these products would be short-
term and may occur through inhalation and dermal routes. Margins of exposure for
these scenarios were derived using an effect level of 0.05 mg/m?® identified from the MDI
epidemiological studies. Use of this effect level as a critical endpoint for characterizing
the risk from use of DIY products is considered conservative given that it is based on
observation of effects in workers exposed over a longer duration (continuously
throughout an 8-hour work day over several weeks to several years) than that of DIY
product users. Therefore, inhalation MOEs were also estimated using an acute
respiratory effect level of 0.14 mg/m?®identified from studies conducted on healthy
volunteers exposed to TDIs for a short duration (up to 2 hours). It should be noted that
both critical effect levels are considered in the risk characterization because of
uncertainties in the health effect database, the severity of health effects (persistent and
long lasting adverse effects after sensitized) and the complexity of the health endpoint
(respiratory sensitization), for which a mechanism of action is largely unknown. Table 8-
11 presents inhalation MOEs based on both critical effect levels for each DIY product
scenario and its associated estimated exposure level.

The inhalation MOEs for DIY products are considered to be adequate to account for
uncertainties in the exposure and health effect databases, except for the low-pressure
two-component spray polyurethane foam products.

For homeowner application of a low-pressure two-component spray polyurethane foam
product, inhalation MOEs range from 0.6 to 1.7 when the product is used for insulation
purposes and from 0.5 to 3.5 when the product is used for sealant purposes. These
MOEs are considered to be inadequate.

In the MDI risk assessment conducted by the EU, a NOAEC of 0.5 mg/m?®, based on an
estimated acute irritant threshold concentration for rats (Pauluhn 2000; 2002), was
selected for the characterization of risk of consumers from short-term inhalation
exposure to MDIs (ECJRC 2005). Comparison of the EU NOAEC with the exposure
concentrations selected in this assessment (Table 8-11) to represent exposure during
homeowner application of a two-component spray polyurethane foam product (for either
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insulation or sealant purposes) would result in MOEs that would be considered
inadequate to account for uncertainties in the exposure and health effect databases.
California EPA (2015) proposed a MDI/pMDI acute reference exposure level (REL) of
12 pg/m® based on a LOAEC of 0.7 mg/m?® from rats (Pauluhn 2002). Although the
report was a draft, the California EPA considered this REL to be reasonably protective
against sensitization under a scenario of infrequent repeated acute exposures. The
exposure concentrations representing homeowner application of a low-pressure two-
component spray polyurethane foam product (for either insulation or sealant purposes)
in this assessment were higher than the California EPA REL. Therefore, the human
health risk would not be considered acceptable.

Table 8-11. Margins of inhalation exposure from use of DIY products containing
MDls

MOE MOE
Exposure (based on a (based on a
concentration critical effect critical effect
Product
level of level of
(mg/m?) 0.05 mg/m® MDIs | 0.14 mg/m?® TDIs
from a human from a human
study) study)

Low-pressure two-
component spray
polyurethane foam
(between joists for 0.082% 0.6 1.7
insulation purposes)

Low-pressure two-
component spray

polyurethane foam
(along joists and

. 0.04-0.1° 0.5-1 1.4-3.5
corners and in cracks
for sealant purposes)
One-component
polyurethane foam
sealant 0.0065° 8 22
Polyurethane sealant
0.00063-0.0010° 50-80 140-220
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Floor/wall adhesive

0.00013-0.00047¢ 100-400 300-1100
Construction glue
0.0014-0.0021¢ 20-40 67-100
Generic/hobby glue 5
1.0~ 18-4 T1.2x 400-5000 1200-14 000
Super glue
4.1 x 108 > 10 000 > 10 000
Hot-melt adhesive
7.9 x 1084 > 10 000 > 10 000

?Measured air concentration (See Table 8-4, Appendix F); ® Measured air concentration, (See Table 8-5, Appendix
F); Measured air concentration, (See Table 8-6); 4 Modelled air concentrations (See Table 8-7, Appendix G).

Collective evidence from experimental animal and human case studies and
epidemiological data show that MDIs are strong skin sensitizers. In addition, evidence in
experimental animals suggests that dermal exposure prior to inhalation exposure could
trigger respiratory hypersensitivity, highlighting the importance of minimizing dermal
contact.

8.4 Uncertainties in Evaluation of Risk to Human Health
8.4.1 MDAs

Although there is a lack of Canadian environmental monitoring of MDASs, there is
confidence in the information indicating that the presence of MDA substances in the
environment is likely to be low. There is moderate to high confidence that 4,4'-MDA
presence in food (from the use of cooking utensils containing azo dyes) is minimal.

No adequate health effects data have been identified for pMDA. Therefore, the health
effects assessment for 4,4-MDA has been applied to pMDA. This screening
assessment does not include a full analysis of the mode of action of effects, including
cancer, associated with exposure to 4,4'-MDA.

8.4.2 MDIs

There are uncertainties associated with the assessment of human exposure to MDIs
from environmental media. Although there were no empirical data on the concentration
of MDIs in environmental media such as water or soil, the substance is not expected to
occur or persist in these media due to its reactivity. With respect to concentrations in air,
there are uncertainties associated with the environmental estimates using a single-
source Gaussian plume model and exact proximity of facilities to populated areas.
However, the estimate of exposure from air was based on conservative assumptions.
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With regard to consumer product exposure, there are uncertainties associated with the
use of studies measuring MDI air concentrations during application by professionals to
derive general population exposure. Training and experience of applicators and
ventilation levels may not be representative of a homeowner scenario (may represent
an over- or under-estimate of homeowner exposure depending on the parameter). For
some of these studies, there is uncertainty in assigning the value of half the limit of
detection (LOD) to those MDI concentrations that were reported as being below the
LOD. However, there is a moderate to high confidence in the exposure assessment in
that empirical data were used, maximum exposure levels measured in the studies were
used, and the low-pressure two-component SPF products used in the studies are
similar to those typically used for DIY applications.

There are uncertainties associated with the assumptions used in estimating exposure
with ConsExpo. However, these assumptions are considered conservative, e.g.,
modelled dermal estimates do not consider the layer thickness of the skin and assume
100% of MDIs in the product will contact the skin.

The empirical health effects data for MDIs are available both in humans and in animals.
Uncertainty exists in human epidemiological studies involving occupational exposure. In
studies where sensitization was identified, insufficient information was provided to
ascertain that workers were not previously sensitized either from exposure to higher
concentrations in the same plant occurring prior to measurements or from exposure to
MDIs in settings other than the workplace. The “healthy worker” effect might have
biased the results of cross-sectional and longer-term epidemiological studies (Le Moual
et al. 2008). There is uncertainty regarding the accuracy of the MDI exposure levels
reported in occupational settings. The reported MDI levels in the air vary depending on
the methodology used. MDI concentrations measured in the air in occupational settings
depend on the locations of the air monitoring devices, the time of day at which
measurements are taken, and the type of work being done during measurements. The
measured exposure levels might not have taken into account accidental spill or
exposure to heated MDI. Workers were likely to have been exposed to MDIs via both
the inhalation and dermal routes. However, dermal exposure levels were not measured.
In addition, occupational workers tend to be intermittently exposed to higher levels of
MDIs and continuously exposed to low levels of MDIs in the workplace, which is a
different exposure pattern than that of the general population using consumer products.
The use of a critical effect level based on MDI-related epidemiological studies in
occupational settings to compare with short-term exposure scenarios of consumer DIY
products is considered to be conservative; however, it is considered to be appropriate
because of uncertainties in the health effect database, the severity of the adverse health
effect and the complexity of the health endpoint. There is some uncertainty associated
with the use of a structural analogue to characterize human health effects. However,
TDIs and MDIs are all isocyanates and have similar health effects both in humans and
in animals. The use of a health effect level based on a TDI study for the MDI risk
characterization also presents uncertainty in that it is based on effect resulting from
inhalation of vapours, while the use of MDI-containing consumer products may result in
exposure to both vapours and aerosols. Incidences of lung tumours were observed in a
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two-year inhalation study (Reuzel et al. 1990, 1994a) where animals were exposed to
high concentration of pMDI (i.e., 6.0 mg/m?®). This high concentration was generated
artificially in experimental studies, and it is uncertain whether this level can be
generated normally with the use of consumer products containing MDIs. There is
uncertainty associated with the mode of action of tumours. Two postulated mechanisms
have been identified but the mechanisms have not been fully elucidated.

9. Conclusion
9.1 MDAs

Considering all available lines of evidence presented in this screening assessment,
there is low risk of harm to organisms and the broader integrity of the environment from
4,4'-MDA and pMDA. It is concluded that 4,4-MDA and pMDA do not meet the criteria
under paragraph 64(a) or (b) of CEPA as they are not entering the environment in a
guantity 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 a negligible exposure of the general population to 4,4-MDA and pMDA,
it is concluded that 4,4-MDA and pMDA 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 4,4'-MDA and pMDA do not meet any of the criteria set out
in section 64 of CEPA.

9.2 MDIs

Considering all available lines of evidence presented in this screening assessment,
there is low risk of harm to organisms and the broader integrity of the environment from
the five MDI substances in the MDI/MDA Substance Grouping. It is concluded that the
MDI substances do not meet the criteria under paragraph 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 potential inadequacy of the margins between the estimate of
exposure to MDI substances from use of certain DIY products and critical effect levels, it
is concluded that the five MDI substances in the MDI/MDA Substance Grouping meet
the criteria under paragraph 64(c) of CEPA as they are entering the environment in a
guantity or concentration or under conditions that constitute or may constitute a danger
in Canada to human life or health.
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It is therefore concluded that the five MDI substances in the MDI/MDA Substance
Grouping (CAS RNs 101-68-8; 2536-05-2, 5873-54-1; 9016-87-9 and 26447-40-5) meet
one or more of the criteria set out in section 64 of CEPA.

The five MDI substances in the MDI/MDA Substance Grouping do not meet the

persistence or bioaccumulation criteria as set out in the Persistence and
Bioaccumulation Regulations of CEPA.
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Appendices

Appendix A. Justification for a read-across approach for the human
health and ecological effects assessment of MDIs

There are a number of considerations that justify the use of read-across between
members of the MDI subgroup. The elements considered for the read-across approach
are discussed below.

1)

2)

3)

4)

Structure similarity: As discussed in the ldentity of Substances section, the MDI
substances covered under the MDI/MDA Substance Grouping share common
structural features. 4,4'-, 2,2'- and 2,4-MDIs are positional isomers of MDIs.
Mixed MDI contains a variable composition of the 4,4'-, 2,2'- and 2,4'-MDI
isomers. pMDI contains mainly monomeric of MDIs and oligomeric components
(with a relatively low number of carbon chains). It is anticipated that the position
variation of the isocyanate functional group of each substance does not greatly
change the anticipated toxicity.

Similarity of physicochemical properties: Identified or modelled
physicochemical properties for the MDI substances covered under the MDI/MDA
Substance Grouping are presented in the Physical and Chemical Properties
section. The positional isomers of MDIs and mixed MDI have identical molecular
weights and are generally solid at room temperature existing as powders. These
MDIs typically exhibit low vapour pressure, high modelled log Ky, values and very
high reactivity in water. Due to the higher molecular weight homologue
components, pMDI is liquid at room temperature and exhibits lower vapour
pressure and log Ky, values than the MDI monomer. Other parameters (i.e., HLC,
log Kow, 10g Koc, water solubility, pKa) were not considered practically measurable
or environmentally relevant due to the quick reaction rate of isocyanate groups
with water.

Similarity in toxicokinetics: An analysis of the toxicokinetics of the MDI
substances is provided in the Toxicokinetics section. Via inhalation, MDI
substances predominantly deposit to the lungs, gastrointestinal systems and
blood, followed by liver and kidneys. Excretion is predominantly through feces
and a smaller amount is excreted in urine. The metabolism pathway is expected
to involve acetylation followed by oxidation. MDI substances contain isocyanate
functional groups, which can bind to proteins including glutathione and albumin.
Animal toxicokinetic studies indicate that systemic dermal absorption of MDIs is
low (Leibold et al. 1998; Hoffmann et al. 2010).

Similarity of mammalian toxicity: Review of existing toxicity data for MDI group
members is discussed in the Health Effects Assessment section. Available data
indicate that group members behave similarly.

Genotoxicity. Data from in vitro genotoxicity studies (e.g., bacterial mutation
assays, mouse lymphoma assay, sister chromatic exchange, chromosome
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aberration assay, cell transformation, DNA damage) and in vivo genotoxicity
studies (e.g., DNA adduct, micronucleus induction) were reviewed. Results
from genotoxicity studies of group members were similar.

Critical mammalian toxicities. Evidence indicates that all MDI group
members exhibit similar respiratory effects, respiratory sensitization and
dermal sensitization. Inhalation carcinogenicity studies in animals result in a
few incidences of lung tumours when animals are exposed to high
concentrations. MDI-related respiratory sensitization and dermal sensitization
have also been reported in humans. The isocyanate functional group is
responsible for the sensitization effect and is present in all MDI group
members.

5) Similarity of ecotoxicity: Empirical ecotoxicity data available for the MDI
substances in the MDI/MDA Substance Grouping are summarized in subsections
for each environmental compartment and in Tables 7-6 (aquatic), 7-7 (aquatic)
and 7-8 (solil). Since ecological studies were conducted for only two substances
in the subgroup, i.e., 4,4'-MDI and pMDI, results from these studies were
considered as read-across to inform ecological effects from potential exposure to
2,4'-MDI, 2,2"-MDI and mixed MDI. 2,4'-MDI and 2,2'-MDI are structurally similar
isomers of 4,4'-MDI, and mixed MDI is a mixture of all three MDI monomers. The
ecological effects resulting from exposure to these MDI substances are therefore
expected to be comparable.

6) Additional supporting information: The European Union published a risk
assessment report on MDIs in 2005. The general designation of “MDI” defined by
the EU included a number of isomeric compounds with the empirical formula
C15H10N202, as well as prepolymers and polymers based on these isomers
(ECJRC 2005), which were all assessed as a group. The MDI substances in the
CMP grouping were part of the EU “MDI” group.
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Appendix B. Physical and chemical properties for the MDA
substances within the MDI/MDA Substance Grouping

Table B-1. Properties of 4,4'-MDA

Phys-chem Value Reference
Property
Melting point (°C) 91.6-92" O’Neil 2006
Boiling point (°C) 389" HSDB 1983-2003
Density (kg/m®) 1150 (at 20°C) MacNab 1999
Vapour pressure 2.5x10% MacNab 1999

(Pa)

Vapour pressure
(Pa)

2.7 x 10™ (at 25°C)

Amini and Lowenkron
2003

Henry's law 6.1 x 10° HENRYWIN 2008 (bond
constant method)
(Pa-m*mol)
log Kow 1.55 MacNab 1999;
log Kow 1.59° Hansch et al. 1995;
CHRIP 2008
log Koc Empirical: 3.6-3.8 Cowen et al. 1998°
Modelled: 1.76 (based on log | EPI Suite 2012
log Koc kow method) and 3.4 (based
on MCI method)
log Koa 9.5 LSAS 2005
Water solubility 1000 Moore 1978

(mg/L)

Water solubility
(mg/L)

1010 (at 25°C)

MacNab 1999

pKa 4.96 MacNab 1999
pKa 5.32; 4.23 ACD/Percepta c1997-
2012

Abbreviations: log Ko, organic carbon-water partition coefficient; log Kow, octanol-water partition coefficient; log Koa,

organic carbon-waterpartition coefficient; WS, water solubility; pKa, acid dissociation constant;

& Calculated from 8-hour Freundlich isotherms in sandy and silt loams of 1.6 and 1.3% organic carbon, respectively.

"Value used for modelling purposes (mean used if a range of values was available)
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Table B-2. Properties of pMDA

Phys-chem
Property

Value

Reference

Melting point (°C)

30-70 (2-ring components)

ECHA ¢c2007-2013b;
MPBPWIN 2010
(weighted value)

Melting point (°C)

215 (3-ring components)

ECHA c2007-2013b;
MPBPWIN 2010
(weighted value)

Melting point (°C)

280 (4-ring components

ECHA c2007-2013b;
MPBPWIN 2010
(weighted value)

Melting point (°C)

345 (5- ring components)

ECHA ¢c2007-2013b;
MPBPWIN 2010
(weighted value)

Boiling point (°C)

411

ECHA c2007-2013b

Boiling point (°C)

398 at 101 kPa

Amini and Lowenkron
2003

Density (kg/m3)

1150 at 20°C

ECHA c2007-2013b

Density (kg/m3)

1070 at 70°C

Amini and Lowenkron
2003

Vapour pressure
(Pa)

<0.0001 at 20°C and 0.0016
at 50°C (2-ring components)

Study Report 2010

Vapour pressure
(Pa)

1.3 at 100°C (2-ring
components)

Amini and Lowenkron
2003

Vapour pressure
(Pa)

1.9 x 10 (3-ring
components)

MPBPWIN 2010
(modified grain method,
at 25°C)

Vapour pressure
(Pa)

6.02 x 10™ (4-ring
components)

MPBPWIN 2010
(modified grain method,
at 25°C)
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Phys-chem
Property

Value

Reference

Vapour pressure
(Pa)

1.9 x 10" (5-ring
components)

MPBPWIN 2010
(modified grain method,
at 25°C)

Henry's law 6.1 x 10°® (2-ring HENRYWIN 2008
constant components) (bond method)
(Pa-m*mol)
Henry’s law 1.9 x 10" (3-ring HENRYWIN 2008
constant components) out of model (bond method)
(Pa-m*/mol) domain
Henry's law 6.02 x 10" (4-ring HENRYWIN 2008
constant components) out of model (bond method)
(Pa-m*/mol) domain
Henry's law 1.9 x 10 (5-ring HENRYWIN 2008
constant components) out of model (bond method)
(Pa-m*/mol) domain
log Kow Empirical: 1.3 — 2.5 (1.5 for 2- | ECHA ¢c2007-2013b
ring components) at 25°C and
pH 6.2
log Kow Modelled: 2.61 (3-ring KOWWIN 2010
components) (using EVA with 4,4'-MDA
of 1.6)
log Kow Modelled: 3.71 4-ring KOWWIN 2010
components) (using EVA with 4,4'-MDA
of 1.6)
log Kow Modelled 4.82 (5-ring KOWWIN 2010

components)

(using EVA with 4,4'-MDA
of 1.6)
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Phys-chem Value Reference
Property

log Koc 3.6-3.8 (2-ring components) | Cowen et al. 1998%
log Koc 5.3 (3-ring components) KOCWIN 2010
log Koc 7.4 (4-ring components) KOCWIN 2010
log Koc 9.4 (5-ring components) KOCWIN 2010
log Koa 9.5 (2-ring components) LSAS 2005
log Koa 16.4 (3- ring components) out | KOAWIN 2008

of model domain (user-defined Koy)
log Koa 22.0 (4-ring components) out | KOAWIN 2008

of model domain (user-defined Koy)
log Koa 27.6 (5-ring components) out | KOAWIN 2008

of model domain

(user-defined Koy)

Water solubility

360-1220; 1552 (2-ring

ECHA c2007-2013b

(mg/L) components) at 20°C
Water solubility 1.1 (3-ring components) WATERNT 2010
(mg/L)
Water solubility 0.001 (4-ring components) WATERNT 2010
(mg/L)
Water solubility 8.4 x 10”7 (5-ring WATERNT 2010
(mg/L) components)
pKa 4.96 (2-ring components) ECHA c2007-2013b;
ACD/Percepta ¢c1997-
2012
pKa 4.23; 5.32 (2-ring ECHA c2007-2013b;
components) ACD/Percepta c1997-
2012
pKa 4.52; 4.65; 5.16 (3-ring ECHA ¢c2007-2013b;
components) ACD/Percepta c1997-
2012
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Phys-chem Value Reference
Property
pKa 4.52; 4.65; 4.79; 5.16 (4-ring | ECHA c2007-2013b;
components) ACD/Percepta c1997-
2012
pKa 4.52; 4.65; 4.69; 4.92; 5.16 ECHA c2007-2013b;
(5-ring components) ACD/Percepta c1997-
2012

Abbreviations: log Koc, organic carbon-water partition coefficient; log Kow, octanol-water partition coefficient; log Koa,
organic carbon-water partition coefficient; WS, water solubility; pKa, acid dissociation constant;

fCaIcuIated from 8-hour Freundlich isotherms in sandy and silt loams of 1.6 and 1.3% organic carbon, respectively.
Value used for modelling purposes (mean used if a range of values was available)
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Appendix C. Physical and chemical properties for the MDI substances
within the MDI/MDA Substance Grouping

Table C-1. Properties of 4,4-MDI

Phys-chem Value Reference
Property
Melting point (°C) 37 Lide 2003
Melting point (°C) 39-43 ECHA c2007-2013c

Boiling point (°C)

>300* at 101 kPa

ECHA c2007-2013c

Boiling point (°C)

196 at 0.1 kPa

Lide 2003

Density (kg/m3)

1320*at 20°C

ECHA c2007-2013c

Vapour pressure
(Pa)

0.0007*; <0.002

Chakrabarti 1989

Vapour pressure
(Pa)

0.00049 at 20°C

Brochhagen and Schal
1986

Henry's law n/a n/a

constant

(Pa-m3/mal)

log Kow 4.51* at 22°C and pH ~7 Yakabe et al. 2000

log Koc n/a

log Koa 8.95r KOAWIN 2008
(user-defined Kow)

Water solubility n/a n/a

(mg/L)

pKa n/a n/a

Abbreviations: log Koc, organic carbon-water partition coefficient; log Kow, octanol-water partition coefficient; log Koa,
organic carbon-water partition coefficient; WS, water solubility; pKa, acid dissociation constant; n/a, not applicable
(i.e., the phys-chem parameter was not applicable to the substance)

"Value used for modelling purposes (mean used if a range of values was available)
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Table C-2. Properties of 2,2-MDI

Phys-chem Value Reference
Property
Melting point (°C) 42.8 ECHA c2007-2013d
Boiling point (°C) > 270 (decomposes) ECHA c2007-2013d
Density (kg/m3) 1130 Chemical Industry

Directory 2015

Vapour pressure
(Pa)

0.0081*at 20°C and 0.012* at
25°C

ECHA c2007-2013d

Henry’s law n/a n/a
constant
(Pa-m3/mol)
log Kow 451* Yakabe et al. 2000
log Koc n/a
log Koa 8.95 KOAWIN 2008
(user-defined Kow)
Water solubility n/a n/a
(mg/L)
pKa n/a n/a
Table C-3. Properties of 2,4-MDI
Phys-chem Value Reference
Property

Melting point (°C)

34-38*

ECHA c2007-2013e

Boiling point (°C)

> 241 (decomposes)

Density (kg/m3)

1240-1320 at 20°C

ISOPA 2013

Vapour pressure
(Pa)

0.0014* at 20°C

ECHA c2007-2013e

Henry's law n/a n/a

constant

(Pa-m3/mol)

log Kow 4.51* Yakabe et al. 2000

log Koc n/a n/a

log Koa 8.95 KOAWIN 2008
(user-defined Kow)

Water solubility n/a n/a

(mg/L)

pKa n/a n/a
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Table C-4. Properties of Mixed MDI

Phys-chem
Property

Value

Reference

Melting point (°C)

34-38 (read-across from

CAS RN 5873-54-1)

ECHA c2007-2013e

Boiling point (°C)

> 241 (decomposes)

(read-across from CAS RN

ECHA c2007-2013e

5873-54-1)

Density (kg/m3) 1240-1320 at 20°C ISOPA 2013

Vapour pressure 0.04 at 43°C Dow Chemical Company

(Pa) c1998-2011

Henry’s law n/a n/a

constant

(Pa-m3/mol)

log Kow 4.51* Yakabe et al. 2000

log Koc n/a

log Koa 8.95 KOAWIN 2008
(user-defined Kow)

Water solubility n/a n/a

(mg/L)

pKa n/a n/a

Table C-5. Properties of pMDI

Phys-chem
Property

Value

Reference

Melting point (°C)

Modelled: 181 (3-ring
components)

MPBPWIN 2010
(weighed value)

Melting point (°C)

Modelled: 253 (4-ring
components);

MPBPWIN 2010
(weighed value)

Melting point (°C)

Modelled: 311 (5-ring
components)

MPBPWIN 2010
(weighed value)
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Phys-chem
Property

Value

Reference

Melting point (°C)

forms crystals <10

Dow Chemical Company
c1998-2011

Boiling point (°C)

>230

Dow Chemical Company
c1998-2011

Density (kg/m3)

1240 at 20°C

Dow Chemical Company
c1998-2011

Vapour pressure
(Pa)

<0.0013

Dow Chemical Company
c1998-2011

Vapour pressure
(Pa)

Modelled: 7.5x10-7 (3-ring
components)

MPBPWIN 2010
(modified grain method)

Vapour pressure
(Pa)

Modelled: 7.2x10-11 (4-ring
components);

MPBPWIN 2010
(modified grain method)

Vapour pressure

Modelled: <10-12 (5-ring

MPBPWIN 2010

(Pa) components) (modified grain method)
at 25°C
Henry's law n/a n/a
constant
(Pa-m3/mol)
log Kow n/a n/a
log Koc n/a n/a
log Koa 8.95 (2-ring components) KOAWIN 2008
(user-defined Kow)
log Koa 14.7 (3-ring components) out | KOAWIN 2008
of model domain (user-defined Kow)
log Koa 19.7 (4-ring components) out | KOAWIN 2008
of model domain (user-defined Kow)
log Koa 24.8 (5-ring components) out | KOAWIN 2008

of model domain

(user-defined Kow)

Water solubility

n/a

n/a
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Phys-chem
Property

Value

Reference

(mg/L)

pKa

n/a

n/a

Appendix D. Concentrations in the environment of substances in the
MDI/MDA Substance Grouping

Table D-1. Concentrations of MDI substances in air

Facility type Concentration
CAS RN Location | (sampling point (average) Reference
and number) ng/m?®
101-68-8, Foam
2536-05-2, ) 3 Allport et al.
5873-54-1 Europe manstf;lgil)llr’gr 5 <0.4-3.7 2003
26447-40-5
101-685, Foam panel
2536-05-2, n/a manufacturer (1; <10-48° Acton 2001
5873-54-1, stack)2?
26447-40-5
101-68-8, .
2536-05-2, Europe mFalltr)lﬁlzgg;rroelzr 45-1,320° Maddison and
5873-54-1, P 14 stk ’ Merckx 1996
26447-40-5 '
101-68-8, 6,
2536-05-2, North manufgciier4 " 160-380 Allport et al.
26447-40-5 press vent) -
101-68-8 .
’ Flexible foam

2536-05-2, . 3 Allport et al.
5873-54-1, Europe (r;osutgiérll% <0.1-12.5 2003
26447-40-5 '
101-68-8, Flexible foam Alloort et al
2536-05-2, Europe | flame lamination 48° p2003 '
5873-54-1, (1; stack)*
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Facility type Concentration
CAS RN Location | (sampling point (average) Reference
and number) ng/m?®
26447-40-5
101-68-8, SPF Work Site (4, Ecoff and
5873-54-1 us 25 feet left, right BDL-23.9’
; Lambach 2012
and behind)
101-68-8, SPF Work Site (4, 7 Ecoff and
5873-54-1 Us 50 feet downwind) BDL-3.9 Lambach 2012

Abbreviations: n/a, not available; dw, dry weight; OC, organic carbon; BDL = below detection limit

Facilities manufacturing boardstock (flexible facings) (3) and rigid foam block (2). 2Factility which manufactures
polyurethane panels with metal facings. 3Estimated MDI monomer concentration from measurement of free
isocyanate groups (NCO). “No control equipment was used in these stacks; 5Samples taken from exhaust air in
stacks from three different points in the fibreboard process (dryer, press and wet scrubber); ®Measured using US-
EPA “Method 207" (appears to be USEPA OTM-14) which selectively measures 2,4-MDI and 4,4'-MDI isomers.
'BMS Sampling and Analytical Methods 1.20.1 (impinger solution) and 1.7.7 (filter desorption fluid) were used for
evaluation of MDI/pMDI according to the conference abstract (further details are not available).

Table D-2. Concentrations of 4,4-MDA (CAS RN 101-77-9) in surface water and
industrial wastewater

Location; Sample type Concentration
’ b'e typ (detection limit) Reference
year (Detects)
Hg/L
Environment Agency
Japan 1985 Surfz';(l)c/(:ela/\)/ater r(]é(; of Japan 2000;
CHRIP 2008
Surface water 1.2x10™
Japan 1989 (1/24) (10°—0.1) CHRIP 2008
Surface water n/d
Japan 1995 (0/23) (<1) CHRIP 2008
Surface water
Japan 1998 (0/36) (<1) CHRIP 2008
Surface water 0.001 -0.02
Japan 2008 (11/28) (0.001) CHRIP 2008
Europe Industrial <500 EURAR 2001
wastewater

Abbreviations: n/d, not detected

*Number refers to the number geographically distinct sampling station which had samples with reported values above

detection limit.

157



Screening Assessment

MDI/MDA Substance Grouping

Table D-3. Concentrations of 4,4'-MDA (CAS RN 101-77-9) in sediment

Concentration

Location; Sample type (detection limit) Reference
year (Detects)
ug/g dw
Sediment n/d
Japan 1985 (0/8) (1) CHRIP 2008
Sediment 2x10
Japan 1989 (1/24) (1% 10-4_0.03) CHRIP 2008
Bottom sediments 0.036-0.88
Japan 1995 (6/23) (0.03) CHRIP 2008
Bottom sediments 0.02-2.1
Japan 1998 (15/33) (0.02) CHRIP 2008

Abbreviations: dw, dry weight; n/d, not detected

*Number refers to the number geographically distinct sampling station which had samples with reported values

above detection limit.
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Appendix E. Inputs and summary outputs of SCREENS, for ecological
assessment of inhalation exposure from ambient air near generic

industrial point sources

Parameter Value Notes
Emission rate (g/s) | 0.0856 | This value was provided by NCASI, it is based on the
assumption that 3450 metric tons of MDI are used and
that operation is continuous.
Stack height (m) 10 Based on US EPA, 2004. Technical Appendix E:
Derivation of Stack Parameter Data. RSEI Version
2.1.2. Economics, Exposure, and Technology Division;
Office of Pollution Prevention and Toxics; United
States Environmental Protection Agency; Washington,
DC 20460; August 2004.
Stack diameter 0.6 [RDIS] Residual Discharge Information System. 1995.
(m) Environment Canada, Pollution Data Branch, Criteria
Air Contaminants Division.
Stack gas exit 9 US EPA 2004. Technical Appendix E: Derivation of
velocity (m/s) Stack Parameter Data. RSEI Version 2.1.2.
Economics, Exposure, and Technology Division; Office
of Pollution Prevention and Toxics; United States
Environmental Protection Agency; Washington, DC
20460; August 2004.
Stack gas exit 316 RDIS (Residual Discharge Information System). 1995.
temperature (K) Environment Canada, Pollution Data Branch, Criteria
Air Contaminants Division.
Ambient air 293 Model default.
temperature (K)
Receptor height 2.5 Model default, represents height of small arboreal
above ground (m) terrestrial organisms.
Urban/Rural Urban | Model default, based on the assumption that the facility
Option is situated in an urban setting.
Building Selecte | SCREEN3 model default value selected.
downwash option d
Building height (m) 10 Model default, represents the height of building in
which production, processing or use takes place
(European Commission 2003).
Minimum 20 Model default, represents typical low-rise industrial
horizontal facility (Law et al. 2004).
dimension (m)
Maximum 100 Model default, represents typical low-rise industrial
horizontal facility (Law et al. 2004).
dimension (m)
Simple terrain Selecte | SCREEN3 model default value selected (provides a
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Parameter Value Notes
d more conservative scenario than using complex
terrain).
Full meteorological | Selecte | SCREEN3 model default value selected (identifies
conditions d worst-case conditions).
Terrain height (m) 5 Model default, corresponds to one half of the stack
height.
Maximum 1.276 E° | Maximum value obtained at 200 m.
concentration >
(g/m°)
Concentration at | 1.144 E* | 100 m corresponds to the average distance between
100 m (g/m3) ° the emissions source and the border of an industrial
site.
Concentration at | 0.5618 | Not applicable.
1000 m (g/m°) E®

For the purpose of the health exposure assessment, values were refined based on the section 71 survey information
concerning industrial facilities in Canada (Environment Canada 2012a). These modifications included the use of
exact substance quantities and parameters characteristic of specific Canadian facilities.

160




Screening Assessment

MDI/MDA Substance Grouping

Appendix F. Air concentrations measured for the application of low-
pressure two-component spray polyurethane foam (SPF).

Table F-1. Air concentrations measured for the application of low-pressure two-
component SPF kit between joists

Study Area Amount | Ventilation | Sampling Sample | Air
referenc | spraye |sprayed | (air time (min) |type concentratio
e d (ft) changes/ n during
hour) spray
(mg/m°)

Dow Crawl 11.8f° |44 13 persona | 0.16
Chemical | space of (industrial I
2013 a grade fan,

residenc used to

e (25t exhaust air)

X 23 ft X

40 in)
Dow Crawl 11.8 ft* 44 13 area 0.017
Chemical | space of (industrial
2013 a grade fan,

residenc used to

e (25 ft exhaust air)

X 23 ft x

40 in)
Dow Crawl 11.8 ft3 16 (box fan |13 persona | 0.16
Chemical | space of used to I
2013 a supply air

residenc into crawl

e (25 ft space)

X 23 ft X

40 in)
Dow Crawl 11.8 ft* 16 (box fan |13 area 0.022
Chemical | space of used to
2013 a supply air

residenc into crawl

e (25 ft space)

X 23 ft x

40 in)
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Study Area Amount | Ventilation | Sampling Sample | Air
referenc | spraye |sprayed | (air time (min) | type concentratio
e d (ft) changes/ n during
hour) spray
(mg/m°)
Convenie | Simulat | 20 kg kit | 6 A setof 4 X | persona | Applicator 1:
nce ed room | used (box fans 15 min I MDI
Products | B (unknown | installed in | samples monomer:
2012 (10x10x | number window but | was 0.013, 0.022,
8) of kits set on collected 0.03, 0.0099
used per | “OFF”) during 3 x
room) 60-min pMDI: <LOD
spraying (0.02)
events
Total
MDI*:0.0199
-0.04
Convenie | Simulat | 20 kg kit | 6 A setof4 X | persona | Applicator 2:
nce ed room | used (box fans 15 min I MDI
Products | B (10 x | (unknown | installed in samples monomer:
2012 10 x 8) | number window but | was 0.031, 0.024,
of kits seton collected 0.017, 0.016
used per | “OFF”) during 3 x
room) 60-min pMDI: <LOD
spraying (0.02)
events
Total MDI*:
0.026-0.041
Convenie | Simulat | 20 kg kit | 6 A setof 4 X | persona | Applicator 3:
nce ed room | used (box fans 15 min I MDI
Products | B (10 x | (unknown | installed in | samples monomer:
2012 10 x 8) | number window but | was 0.039, 0.043,
of kits set on collected 0.059, 0.068
used per | “OFF”) during 3 x
room) 60-min pMDI: <LOD
spraying (0.02)
events
Total MDI*:
0.049-0.078
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Study Area Amount | Ventilation | Sampling Sample | Air
referenc | spraye |sprayed | (air time (min) | type concentratio
e d (ft) changes/ n during
hour) spray
(mg/m°)
Convenie | Simulat | 20 kg kit | 6 Asetof4 X | area MDI
nce ed room | used (box fans 15 min monomer:
Products | B (10 x | (unknown | installed in | samples <LOD
2012 10x8) | number window but | was (0.002)
of kits set on collected
used per | “OFF") during 3 x pMDI: <LOD
room) 60-min (0.02)
spraying
events Total MDI*:
0.011
Convenie | Simulat | 20 kg kit | 102 A setof 4X | persona | Applicator 1:
nce ed room | used (box fansin | 15 min I MDI
Products | A (10 x | (unknown | window set | samples monomer:
2012 10 x 8) | number on “HIGH") | were 0.015, 0.021,
of kits collected 0.015, 0.023
used per during 3 x
room) 60-min pMDI: <LOD
spraying (0.02)
events
Total MDI*:
0.025-0.033
Convenie | Simulat | 20 kg kit | 102 A setof 4X | persona | Applicator 2:
nce ed room | used (box fans in | 15 min I MDI
Products | A (10 x | (unknown | window set | samples monomer:
2012 10 x 8) | number on “HIGH") | were 0.001, 0.023,
of kits collected 0.022, 0.022
used per during 3 x
room) 60-min pMDI: <LOD
spraying (0.02)
events
Total MDI*:
0.011-0.033
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Study Area Amount | Ventilation | Sampling Sample | Air
referenc | spraye |sprayed | (air time (min) | type concentratio
e d (ft) changes/ n during
hour) spray
(mg/m°)
Convenie | Simulat | 20 kg kit | 102 A setof 4X | persona | Applicator 3:
nce ed room | used (box fans in | 15 min I MDI
Products | A (10 x | (unknown | window set | samples monomer:
2012 10x8) | number on “HIGH") | were 0.038, 0.037,
of kits collected 0.035, 0.043
used per during 3 x
room) 60-min pMDI: <LOD
spraying (0.02)
events
Total MDI*:
0.045-0.053
Convenie | Simulat | 20 kg kit | 102 Asetof4X | area MDI
nce ed room | used (box fans in | 15 min monomer:
Products | A (10 x | (unknown | window set | samples <LOD
2012 10x8) | number on “HIGH") | were (0.002)
of kits collected
used per during 3 x pMDI: <LOD
room) 60-min (0.02)
spraying
events Total MDI*:
0.011
Fomo NS NS Natural 6 samples persona | 0.016, 0.054,
Products ventilation of 18-20 min | | 0.082, 0.060,
2005 (opened were taken 0.057, 0.017
windows during a
and doors) | total
spraying
time of 118
min
Fomo NS NS Natural 20-40 min area 0.0041,
Products ventilation <LOD (range
2005 (opened from 0.0022—
windows 0.0045)
and doors)
LOD = limit of detection

NS = not stated

*These values are based on adding concentration of MDI monomer and pMDI; when a substance was found to be
below the limit of detection (LOD), it was assumed the level was at half the LOD.
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Table F-2. Air concentrations measured for the application of low-pressure two-

component SPF kit along joists and corners and in cracks

Study Area Amount Ventilatio | Sampling Sample | Air
referen | sprayed |sprayed n (air time (min) | type concentrati
ce (ft) changes/ on during
hour) spray
(mg/m°)
Conveni | Residenti | 2/3 of 4.7 2 X15min | personal |0.01, 0.01
ence al container samples
Product | basement | (13 kg (2 box fans | collected
s 2014a | (24 x 45 x | used) inserted in | during a 30
7) windows) min
spraying
time
Conveni | Residenti | 2/3 of 4.7 2X15min |area <LOD
ence al container samples (0.007)
Product | basement | (13 kg (2 box fans | collected
s 2014a | (24 x 45 x | used) inserted in | during a 30
7 windows) | min
spraying
time
Conveni | Residenti | 13 kg kit 0.2 15 min personal | 0.04, <LOD
ence al used samples (0.007)
Product | basement (natural collected
$2014b | (8x30x | (20 Ib of ventilation, | during a 30
9+8x product ie., min
30 x 45) | applied) windows spraying
and sliding | time
door
opened at
one end of
room)
Conveni | Residenti | 13 kg kit 0.2 15 min area <LOD
ence al used samples (0.007)
Product | basement (natural collected
s 2014b | (8x30x | (20 Ib of ventilation, | during a 30
9+8x product le., min
30 x 45) | applied) windows spraying
and sliding | time
door
opened at
one end of
room)
ACC Test 19lb 10.4 24-29 personal | Applicator
2012b chamber (ventilation | (spray time 1:
(7.9x7.9 was was
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Study Area Amount Ventilatio | Sampling Sample | Air
referen | sprayed |sprayed n (air time (min) | type concentrati
ce (ft) changes/ on during
hour) spray
(mg/m?)
X 8.2) perpendicu | 19 min); this 2,4'-MDl.
lar to the IS one of 4 0.008
spray) repeated
applications 4,4'-MDI:
0.04
pMDI:
<LOD
(0.102)
Total
MDI*:0.1
ACC Test 19 1b 104 24-29 area Applicator
2012b chamber (ventilation | (spray time 1
(7.9x7.9 was was
X 8.2) perpendicu | 19 mins); 2,4'-MDl.
lar to the this is one 0.006
spray) of four
repeated 4,4'-MDiI:
applications 0.003
pMDI:
<LOD
(0.088)
Total
MDI*:0.053
ACC Test 191b 104 24-29 personal | Applicator
2012b chamber (ventilation | (spray time 2: no result
(7.9x7.9 was was reported
X 8.2) perpendicu | 15 min); this
lar to the Is one of
spray) four
repeated
applications
ACC Test 191b 104 24-29 area Applicator
2012b chamber (ventilation | (spray time 2: 2,4-MDI:
(7.9x7.9 was was 0.009
X 8.2) perpendicu | 15 min); this
lar to the Is one of 4,4'-MDiI:
spray) four <LOD
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Study Area Amount Ventilatio | Sampling Sample | Air
referen | sprayed |sprayed n (air time (min) | type concentrati
ce (ft) changes/ on during
hour) spray
(mg/m?)
repeated (0.0046)
applications
pMDI:
<LOD
(0.140)
Total MDI*:
0.0813
ACC Test 191b 104 24-29 personal | Applicator
2012b chamber (ventilation | (spray time 3:
(7.9X7.9 was was
X8.2) perpendicu | 18 min); this 2,4'-MDl.
lar to the Is one of 0.010
spray) four
repeated 4,4'-MDiI:
applications 0.03
pMDI:
<LOD
(0.111)
Total
MDI*:0.095
ACC Test 191b 104 24-29 area Applicator
2012b chamber (ventilation | (spray time 3: 2,4-MDI:
(7.9x7.9 was was 0.006
X 8.2) perpendicu | 18 min); this
lar to the IS one of 4,4'-MDiI:
spray) four 0.01
repeated
applications pMDI:
<LOD
(0.112)
Total MDI*:
0.072
ACC Test 191b 104 24-29 personal | Applicator
2012b chamber (ventilation | (spray time 4:
(7.9x7.9 was was 16
X 8.2) perpendicu | min); this is 2,4'-MDl.
lar to the one of four
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Study Area Amount Ventilatio | Sampling Sample Air
referen | sprayed |sprayed n (air time (min) | type concentrati
ce (ft) changes/ on during
hour) spray
(mg/m°)
spray) repeated 0.005
applications
4,4'-MDl:
0.01
pMDI:
<LOD
(0.118)
Total
MDI*:0.074
ACC Test 191b 10.4 24-29 area Applicator
2012b chamber (ventilation | (spray time 4: 2,4'-MDil:
(7.9x7.9 was was <LOD
x 8.2) perpendicu | 16 min); this (0.0046)
lar to the is one of
spray) four 4,4'-MDI:
repeated 0.01
applications
pMDI:
<LOD
(0.138)
Total MDI*:
0.0813

LOD = limit of detection
* These values are based on adding concentration of 2,4 MDI, 4,4 MDI and pMDI; when a substance was found to be
below the limit of detection (LOD), it was assumed the level was at half the LOD.

Table F-3. Air concentrations measured for the application of low-pressure two-
component SPF kit for other application type

Study Applicati | Area Amoun | Ventilati | Sampli | Sampl | Air
referen | on type spraye |t on (air ng time | etype |concentrati
ce d (ft) spraye | changes/ | (min) on during
d hour) spray
(mg/m?)

Fomo Anentire | NS Entire No 15 Person | 0.089
Product | kit was kit — ventilatio al
s 2010 | dispensed size n (doors

into a unknow | closed)

cardboard n

board
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Study Applicati | Area Amoun | Ventilati | Sampli | Sampl | Air
referen | on type spraye |t on (air ng time | etype |concentrati
ce d (ft) spraye | changes/ | (min) on during
d hour) spray
(mg/m°)
placed on
the floor
of a
spraying
lab
Fomo Two 10- NS NS No 15 Person | <LOD
Product | second ventilatio al (0.013)
s 2010 | spray n (doors
separated closed)
by 10 min
interval

LOD = limit of detection
NS = not stated
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Appendix G. Upper-bounding estimates of exposure to MDIs from use
of adhesive/sealant types of DIY products, based on ConsExpo

Consumer Model Parameters* Estimated Exposure
Product Type

Polyurethane | The scenario assumptions are based on a | Mean event

adhesive/ ConsExpo default scenario for assembly | concentration (additive
sealant (RIVM 2007). 4,4'-MDI, pMDI and

assembly mixed MDI):

sealant The inhalation scenario based on additive

evaporation release from increasing area | 0.0010 mg/m®
(VP: 0.00049-0.0013Pa; mass transfer
rate: 0.013 m/min [Wirts and Salthammer
2002)):

- maximum weight fraction: 30% w/w
(4,4'-MDI); 10% (pMDI); 5% (mixed
MDI) (Henkel 2010)

- frequency of use: 1/yr

- room volume: 20 m® (generic area)

- air exchange rate: 0.6 changes/h

- exposure duration: 4 h

- tack-free time: 15 min

- amount of product used: 390 g
(based on full use of product
cartridge)

- release area: 1 m?

- application duration: 30 min

The dermal scenario based on instant
application:
Dermal load (additive
- exposed surface area: 46 cm? 4,4'-MDI, pMDI and
(20% of one hand, from drips onto | mixed MDI):
a palm or fingers)
- applied amount: 0.5 g 4.9 mg/cm?
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Consumer Model Parameters* Estimated Exposure

Product Type

Floor/wall The scenario assumptions are based on a | Mean event

adhesive ConsExpo default scenario for adhering concentration (additive
wood parquet flooring to surface (RIVM 4,4'-MDI and mixed
2007) MDI):

The inhalation scenario based on additive | 0.00047 mg/m?®
evaporation release from increasing area
(VP: 0.00049 - 0.00066 Pa; mass transfer
rate: 0.013 m/min [Wirts and Salthammer
2002)):

- maximum weight fraction: 5% w/w
(MDI); 5% (mixed MDI) (Franklin
International 2010)

- frequency of use: 0.125/yr (based
on a 8-yr remodel)

- room volume: 58 m? (living area)

- air exchange rate: 0.5 changes/h

- exposure duration: 8 h

- tack-free time: 60-90 min

- amount of product used: 22 kg
(product information)

- release area: 1 m? (based on
covering adhesive with floor and
applying a new section 1 m? at a
time)

- application duration: 8 h

The dermal scenario based on constant

application:
Dermal load (additive
- exposed surface area: 455 cm? 4,4'-MDI, pMDI and
(50% of both hands, from mixed MDI):
application and laying of floor)
- contact rate: 30 mg/cm2 3.16 mg/m2

- release duration: 8 h

171




Screening Assessment MDI/MDA Substance Grouping

Consumer Model Parameters* Estimated Exposure
Product Type

Construction The scenario assumptions are based on a | Mean event

adhesive ConsExpo default scenario bottled concentration (additive
construction glue (RIVM 2007) 4,4'-MDI, pMDI and
mixed MDI):

The inhalation scenario based on additive
evaporation release from increasing area | 0.0021 mg/m?®
(VP: 0.00049-0.0013 Pa; mass transfer
rate: 0.013 m/min [Wirts and Salthammer
2002)):

- maximum weight fraction: 50% w/w
(MDI); 25% (pMDI); 5% (mixed
MDI) (Titebond Inc. 2012)

- frequency of use: 2/yr

- room volume: 20 m® (generic area)

- air exchange rate: 0.6 changes/h

- exposure duration: 4 h

- tack-free time: 20-30 min

- amount of product used: 250 g

- release area: 1 m?

- application duration: 30 min

The dermal scenario based on instant

application:
- exposed surface area: 91 cm? Dermal load (additive
(20% from each palm from 4,4'-MDI, pMDI and

applying and clamping together) mixed MDI):
- applied amount: 0.25 g

2.2 mg/cm?

172




Screening Assessment

MDI/MDA Substance Grouping

Consumer Model Parameters* Estimated Exposure
Product Type

General The scenario assumptions are based on a | Mean event

adhesive/ ConsExpo default scenario for generic concentration (for 4,4'-
hobby glue bottled glue (RIVM 2007) MDI):

The inhalation scenario based on
evaporation release from a constant area
(VP: 0.00066 Pa; mass transfer rate:
0.013 m/min [Wirts and Salthammer
2002)):

- maximum weight fraction: 56% w/w
(4,4'-MDI) (Gorilla Glue Inc. 2012)

- frequency of use: 52/yr (based on a
weekly hobby)

- room volume: 20 m® (generic area)

- air exchange rate: 0.6 changes/h

- exposure duration: 4 h

- curetime:1-4 h

- amount of product used: 6 g
(adjusted based on product
information)

- release area: 400 cm?

- application duration: 20 min

The dermal scenario based on instant
application:

- exposed surface area: 2 cm?
(fingertips)
- applied amount: 0.08 g

1.2 x 10°mg/m?®

Dermal load:

22.4 mg/cm?
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Consumer Model Parameters* Estimated Exposure
Product Type
Super glue The scenario assumptions are based on a | Mean event

ConsExpo default scenario for super glue
(RIVM 2007)

The inhalation scenario based on
evaporation release from a constant area
(VP: 0.0013 Pa; mass transfer rate: 0.013
m/min [Wirts and Salthammer 2002]):

- maximum weight fraction: 50% w/w
(pMDI) (Elmers. 2012)

- frequency of use: 12/yr (based on
once a month)

- room volume: 20 m* (generic area)

- air exchange rate: 0.6 changes/h

- exposure duration: 4 h

- curetime:1-4 h

- amount of product used: 0.5 g
(adjusted for product use
information)

- release area: 2 cm?

- application duration: 5 min

The dermal scenario based on instant
application:

- exposed surface area: 1 cm?
(fingertips)
- applied amount: 0.025 g

concentration (for
pMDI):

4.1x 10® mg/m?®

Dermal load:

12.5 mg/cm?
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Consumer Model Parameters* Estimated Exposure
Product Type
Hot-melt The scenario assumptions are based on a | Mean event
adhesive ConsExpo default scenario for hot-melt concentration (additive
adhesive (RIVM 2007) 4,4'-MDI and mixed
MDI):

The inhalation scenario based on
evaporation release from increasing area | 7.9 x 10® mg/m?®
(VP: 0.00049-0.00066 Pa; mass transfer
rate: 0.013 m/min [Wirts and Salthammer
2002)):

- maximum weight fraction: 3% w/w
(4,4'-MDI); 3% (mixed MDI) (3M
Inc. 2012)

- frequency of use: 12/yr (based on
once a month)

- room volume: 20 m* (generic area)

- air exchange rate: 0.6 changes/h

- exposure duration: 25 min

- cure time: 30 to 120 sec

- amount of product used: 65 g (full
bar of solid uncured hot-melt
adhesive)

- release area: 8.5 cm?

- application duration: 25 min

The dermal scenario was not modeled
given that MDIs would only be released
under increased temperatures of the solid
adhesive.

*The mass transfer rate calculated from Wirts and Salthammer (2002) emission studies for pure 4,4-MDI was used in
place of the default Langmuir’s equation
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Appendix H. Justification for using toluene diisocyanates (TDIs) as
analogues

There are a number of considerations which justify the use of TDIs as analogues for
respiratory effects, including sensitization, in the MDIs health effect assessment. The
elements considered are discussed below:

1) Structure: TDIs and MDIs are structurally similar, consisting of aromatic rings(s)
and isocyanate functional groups.

2) Physicochemical properties: The molecular weights of TDIs are lower than
MDIs. TDIs are expected to be more reactive than MDIs due to their higher
solubility and vapour pressure.

3) Mammalian toxicity: TDIs and MDIs exhibit similar respiratory effects and
sensitization effects in both human epidemiology studies and in animal
experimental studies. Mechanistically, the isocyanates functional groups in TDIs
and MDIs are responsible for protein binding and subsequent potential immune
sensitization effect (Liu and Wisnewski 2003). Relative potency of dermal
sensitization is similar between TDIs and MDIs. Based on LLNA assays, TDIs
have an EC3 value of 0.11% (ECETOC 2003), which is similar to the EC3 value
of 0.08% for MDIs (Selgrade et al. 2006).
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