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4 Hazard Evaluation of HBCD and Alternatives

This chapter summarizes the toxicological and environmental hazards of
hexabromocyclododecane (HBCD) and each of the three alternative chemicals that were
identified as potential functional substitutes for HBCD. Evaluations of chemical formulations
may also include associated substances (e.g., starting materials, by-products, and impurities) if
their presence is specifically required to allow that alternative to fully function in the assigned
role. Otherwise, pure substances were analyzed in this assessment. Users of the alternative
assessments should be aware of the purity of the trade product they purchase, as the presence of
impurities may alter the assessment of the alternative. This report is a hazard assessment, not a
risk assessment. Hazard assessment as a risk management tool is discussed in more detail in
Section 1.4,

Toxicological and environmental endpoints included in the hazard profiles are discussed in
Section 4.1 along with the criteria used to evaluate each hazard endpoint. Data sources and the
review methodology are described in Section 4.2. The report then offers a detailed description of
the utility of physical-chemical properties in understanding hazard in Section 4.3 and the process
of evaluating human health and environmental endpoints in Sections 4.4 and 4.5, respectively. A
discussion of the evaluation of endocrine activity is included in Section 4.6. The characteristics
of each chemical included in the alternatives assessment are summarized in the comparative
hazard summary table in Section 4.7. Lastly, the collected data and hazard profile of each
chemical are presented in Section 4.8.

4.1 Toxicological and Environmental Endpoints

The assessment of endpoints with the intent to create hazard profiles for a Design for the
Environment (DfE) alternatives assessment follows the guidance of the Alternatives Assessment
Criteria for Hazard Evaluation (U.S. EPA 2011b). The definitions for each endpoint evaluated
following these criteria are outlined in Section 4.1.1 and the criteria by which these endpoints are
evaluated are outlined in Section 4.1.2. Lastly, there are endpoints that DfE characterizes but
does not assign criteria to, and these are summarized in Section 4.1.3.

4.1.1 Definitions of Each Endpoint Evaluated Against Criteria

Hazard designations for each chemical discussed in this report were made by direct comparison
of the experimental or estimated data to the DfE Alternatives Assessment Criteria for Hazard
Evaluation (U.S. EPA 2011b). Table 4-1 provides brief definitions of human health toxicity,
environmental toxicity and environmental fate endpoints.



Table 4-1. Definitions of Toxicological and Environmental Endpoints for Hazard Assessment

Endpoint
Category

Endpoint

Definition

Human Health
Effects

Acute Mammalian Toxicity

Adverse effects occurring following oral or dermal
administration of a single dose of a substance, or multiple
doses given within 24 hours, or an inhalation exposure of
4 hours.

Carcinogenicity

Capability of a substance to increase the incidence of
malignant neoplasms, reduce their latency, or increase
their severity or multiplicity.

Mutagenicity/Genotoxicity

Mutagenicity. The ability of an agent to induce permanent,
transmissible changes in the amount, chemical properties,
or structure of the genetic material. These changes may
involve a single gene or gene segment, a block of genes,
parts of chromosomes, or whole chromosomes.
Mutagenicity differs from genotoxicity in that the change
in the former case is transmissible to subsequent cell
generations.

Genotoxicity. The ability of an agent or process to alter
the structure, information content, or segregation of DNA,
including those which cause DNA damage by interfering
with normal replication process, or which in a non-
physiological manner (temporarily) alter its replication.

Reproductive Toxicity

The occurrence of biologically adverse effects on the
reproductive systems of females or males that may result
from exposure to environmental agents. The toxicity may
be expressed as alterations to the female or male
reproductive organs, the related endocrine system, or
pregnancy outcomes. The manifestation of such toxicity
may include, but is not limited to: adverse effects on
onset of puberty, gamete production and transport,
reproductive cycle normality, sexual behavior, fertility,
gestation, parturition, lactation, developmental toxicity,
premature reproductive senescence or modifications in
other functions that were dependent on the integrity of the
reproductive systems.

Developmental Toxicity

Adverse effects in the developing organism that may
result from exposure prior to conception (either parent),
during prenatal development, or postnatally to the time of
sexual maturation. Adverse developmental effects may be
detected at any point in the lifespan of the organism. The
major manifestations of developmental toxicity include:
(1) death of the developing organism, (2) structural
abnormality, (3) altered growth, and (4) functional
deficiency.

Neurotoxicity

An adverse change in the structure or function of the
central and/or peripheral nervous system following
exposure to a chemical, physical, or biological agent.




Endpoint
Category

Endpoint

Definition

Repeated Dose Toxicity

Adverse effects (immediate or delayed) that impair
normal physiological function (reversible and irreversible)
of specific target organs or biological systems following
repeated exposure to a chemical substance by any route
relevant to humans. Adverse effects include biologically
significant changes in body and organ weights, changes
that affect the function or morphology of tissues and
organs (gross and microscopic), mortality, and changes in
biochemistry, urinalysis, and hematology parameters that
are relevant for human health; may also include
immunological and neurological effects.

Respiratory Sensitization

Hypersensitivity of the airways following inhalation of a
substance.

Skin Sensitization

A cell-mediated or antibody-mediated allergic response
characterized by the presence of inflammation that may
result in cell death, following an initial induction exposure
to the same chemical substance, i.e., skin allergy.

Eye Irritation/Corrosivity

Irritation or corrosion to the eye following the application
of a test substance.

Dermal Irritation/Corrosion

Dermal irritation - reversible damage to the skin following
the application of a test substance for up to 4 hours.
Dermal corrosion - irreversible damage to the skin
namely, visible necrosis through the epidermis and into
the dermis following the application of a test substance for
up to 4 hours.

Environmental
Toxicity

Environmental toxicity refers to adverse effects observed in living organisms that typically inhabit
the wild; the assessment is focused on effects in three groups of surrogate aquatic organisms
(freshwater fish, invertebrates, and algae).

Aguatic Toxicity (Acute)

The property of a substance to be injurious to an organism
in a short-term (days), aquatic exposure to that substance.

Agquatic Toxicity (Chronic)

The property of a substance to cause adverse effects to
aquatic organisms during aquatic exposures which were
determined in relation to the life cycle of the organism.

Environmental
Fate

Environmental Persistence

The length of time the chemical exists in the environment,
expressed as a half-life, before it is destroyed (i.e.,
transformed) by natural or chemical processes. For
alternative assessments, the amount of time for complete
assimilation (ultimate removal) is preferred over the initial
step in the transformation (primary removal).

Bioaccumulation

The process in which a chemical substance is absorbed in
an organism by all routes of exposure as occurs in the
natural environment (e.g., dietary and ambient
environment sources). Bioaccumulation is the net result of
competing processes of chemical uptake into the organism
at the respiratory surface and from the diet and chemical
elimination from the organism including respiratory
exchange, fecal egestion, metabolic biotransformation of
the parent compound, and growth dilution.




The hazard profile for each chemical contains endpoint-specific summary statements (see
Section 4.8). For each of the endpoints listed in Table 4-1, these summary statements provide the
hazard designation, the type of data (experimental or estimated) and the rationale. The endpoint
summaries may also include explanatory comments, a discussion of confounding factors or an
indication of the confidence in the data to help put the results in perspective.

4.1.2 Criteria

Table 4-2 summarizes the criteria that were used by DfE to interpret the data presented in the
hazard profiles. The same criteria are used to evaluate hazard for all alternatives assessments
conducted by DfE since 2011. These criteria, collectively known as DfE Alternatives Assessment
Criteria for Hazard Evaluation, underwent Agency-wide and public comment, and were
finalized in 2011 (U.S. EPA 2011b). A hazard designation for each human health endpoint was
not given for each route of exposure but rather was based on the exposure route with the highest
hazard designation. Data may have been available for some or all relevant routes of exposure.

The details as to how each endpoint was evaluated are described below and in the DfE full
criteria document, DfE Alternatives Assessment Criteria for Hazard Evaluation, available
at: http://'www.epa.qov/dfe/alternatives assessment criteria for hazard eval.pdf.



http://www.epa.gov/dfe/alternatives_assessment_criteria_for_hazard_eval.pdf

Table 4-2. Criteria Used to Assign Hazard Designations

Endpoint Very High Low Very Low
Human Health Effects
Acute mammalian toxicity
Oral median lethal dose <50 >50-300 >300-2000 52000 .
(LDso) (mglkg) -
Dermal LDs, (mg/kg) <200 >200-1000 >1000-2000 >2000 -
Inhalation median lethal
concentration (LCsp) - < >2-10 >10-20 520 .
vapor/gas
(mg/L)
Inhalation LCs - dust/mist/ <05 >05-1.0 >1-5 5 .
fume (mg/L)
Carcinogenicity
Known or Suspected Limited or Negative studies -
presumed human marginal or robust
human carcinogen evidence of mechanism-
carcinogen carcinogenicity |based Structure
in animals Activity
Equivalent to Relationship
Globally (SAR)
Carcinogenicity Harmonized
System of
Classification
and Labeling of
Chemicals
(GHS) Equivalentto  |And inadequate
Categories 1A |GHS Category |evidence in As described
and 1B 2 humans above
Mutagenicity/Genotoxicity
GHS Category
GHS Cate.:gory 2: Substances
1A or 1B: -
which cause
Substances .
K concern for Evidence of
nown to

Germ cell mutagenicity

induce heritable
mutations or to
be regarded as
if they induce
heritable
mutations in the
germ cells of
humans

humans owing
to the
possibility that
they may
induce heritable
mutations in the
germ cells of
humans

OR

mutagenicity
supported by
positive results
inin vitro OR in
Vivo somatic
cells of humans
or animals

Negative for
chromosomal
aberrations and
gene mutations,
or no structural
alerts.
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Endpoint Very High High Low Very Low
Evidence of
mutagenicity
supported by
- positive results
Mutager)lt_:lty_and . in in vitro AND
genotoxicity in somatic A .
in vivo somatic
cells
cells and/or
germ cells of
humans or
animals
Reproductive toxicity
Oral (mg/kg/day) - <50 50-250 >250-1000 >1000
Dermal (mg/kg/day) - <100 100-500 >500-2000 >2000
Inhalation - vapor, gas
(my/L/day) = <1 1-2.5 >2.5-20 >20
Inhalation - dust/mist/fume
(mg/L/day) = <0.1 0.1-0.5 >0.5-5 >5
Developmental toxicity
Oral (mg/kg/day) - <50 50-250 >250-1000 >1000
Dermal (mg/kg/day) - <100 100-500 >500-2000 >2000
Inhalation - vapor, gas
(mg/L/day) = <1 1-2.5 >2.5-20 >20
Inhalation - dust/mist/fume
(mg/L/day) = <0.1 0.1-0.5 >0.5-5 >5
Neurotoxicity
Oral (mg/kg/day) - <10 10-100 >100 -
Dermal (mg/kg/day) - <20 20-200 >200 -
Inhalation - vapor, gas
(mg/L/day) = <0.2 0.2-1.0 >1.0 -
Inhalation - dust/mist/fume
(mg/L/day) = <0.02 0.02-0.2 >0.2 -
Repeated-dose toxicity
Oral (mg/kg/day) - <10 10-100 >100 -
Dermal (mg/kg/day) - <20 20-200 >200 -
Inhalation - vapor, gas
(mg/L/day) = <0.2 0.2-1.0 >1.0 -
Inhalation - dust/mist/fume
(mg/L/day) = <0.02 0.02-0.2 >0.2 -
Sensitization
Hiah frequenc Low to moderate
gh trequency frequency of
of sensitization A
) sensitization in  |Adequate data
in humans .
. s - human and/or  |available and not
Skin sensitization - and/or high -
. low to moderate |GHS Category
potency in .
. potency in 1Aor 1B
animals (GHS imal
Category 1A) animals (GHS
Category 1B)
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Endpoint Very High High Low Very Low
Occurrence in
humans or
eV|d§:r_1ce .Of . |Limited Adequate data
sensitizationin | . .
. s humans based _ewden_ce gva_llab_le
Respiratory sensitization - including the indicating lack -

on animal or
other tests
(equivalent to

presence of
structural alerts

of respiratory
sensitization

GHS Category
1A and 1B)
Irritation/corrosivity
Irritation Clearing in 8- |Clearing in Clearing in
Eye irritation/corrosivity persists for 21 days, =7 days, <24 hours, Not irritating
>21 days or severely moderately - S
. S S mildly irritating
corrosive irritating irritating
Severe Moderate Mild or slight
Skin irritation/corrosivity |Corrosive irritation at irritation at irritation at Not irritating
72 hours 72 hours 72 hours

Endocrine activity

Endocrine Activity

For this endpoint, High/Moderate/Low etc. characterizations will not apply. A
qualitative assessment of available data will be prepared.

Environmental Toxicity and Fate

Aguatic toxicity

Acute aquatic toxicity — >100 or No
LCs or half maX|m_aI <10 1-10 >10-100 Effects_ at .
effective concentration Saturation
(ECso) (mg/L) (NES)
Chronic aquatic toxicity —
lowest observed effect
concentration (LOEC) or <0.1 0.1-1 >1-10 >10 or NES -
chronic value (ChV)
(mg/L)
Environmental persistence
Half-life
<16 days OR Passes Ready
passes Ready - -
odearadabili Biodegradability
. . . |Half-life . . Biodegradability ..o+ \yith 10-day
Persistence in water, soil, >180 davs or Half-life of 60— Half-life <60 |test not window. No
or sediment Y 180 days but >16 days including the .

recalcitrant

10-day window.
No degradation
products of
concern.

degradation
products of
concern.

Persistence in air (half-life
days)

For this endpoint, High/Moderate/Low etc. characterizations will not apply. A
qualitative assessment of available data will be prepared.
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Endpoint Very High High Low Very Low
Bioaccumulation
Bioconcentration Factor
(BCF)/Bioaccumulation >5000 5000-1000 <1000-100 <100 -
Factor (BAF)
Log BCF/BAF >3.7 3.7-3 <3-2 <2 -

Very High or Very Low designations (if an option for a given endpoint in Table 4-2) were assigned only when there were experimental data
located for the chemical under evaluation. In addition, the experimental data must have been collected from a well conducted study specifically
designed to evaluate the endpoint under review. If the endpoint was estimated using experimental data from a close structural analog, by
professional judgment, or from a computerized model, then the next-level designation was assigned (e.g., use of data from a structural analog
that would yield a designation of very high would result in a designation of high for the chemical in review). One exception is for the estimated
persistence of polymers with an average molecular weight (MW) >1,000 daltons, which may result in a Very High designation.

4.1.3 Endpoints Characterized but Not Evaluated

Several additional endpoints were characterized, but not evaluated against hazard criteria. This is
because the endpoints lacked a clear consensus concerning the evaluation criteria (endocrine
activity), data and expert judgment were limited for industrial chemicals (persistence in air,
terrestrial ecotoxicology), or the information was valuable for the interpretation of other toxicity
and fate endpoints (including toxicokinetics and transport in the environment).

Table 4-3. Definitions of Endpoints and Information Characterized but Not Evaluated Against Hazard

Criteria

Toxicological Endpoint

Definition

Toxicokinetics

The determination and quantification of the time course of absorption, distribution,
biotransformation, and excretion of chemicals (sometimes referred to as
pharmacokinetics).

Biomonitoring
Information

The measured concentration of a chemical in biological tissues where the analysis
samples were obtained from a natural or non-experimental setting.

Environmental Transport

The potential movement of a chemical, after it is released to the environment, within
and between each of the environmental compartments, air, water, soil, and sediment.
Presented as a qualitative summary in the alternative assessment based on physical-
chemical properties, environmental fate parameters, and simple volatilization models.
Also includes distribution in the environment as estimated from a fugacity model®.

Persistence in Air

The half-life for destructive removal of a chemical substance in the atmosphere. The
primary chemical reactions considered for atmospheric persistence include hydrolysis,
direct photolysis, and the gas phase reaction with hydroxyl radicals, ozone, or nitrate
radicals. Results are used as input into the environmental transport models.

Immunotoxicology

Adverse effects on the normal structure or function of the immune system caused by
chemical substances (e.g., gross and microscopic changes to immune system organs,
suppression of immunological response, autoimmunity, hypersensitivity,
inflammation, and disruption of immunological mechanistic pathways).

Terrestrial Ecotoxicology

Reported experimental values from guideline and nonguideline studies on adverse
effects on the terrestrial environment. Studies on soil, plants, birds, mammals,
invertebrates were also included.

Endocrine Activity

A change in endocrine homeostasis caused by a chemical or other stressor from
human activities (e.g., application of pesticides, the discharge of industrial chemicals
to air, land, or water, or the use of synthetic chemicals in consumer products.)

IA fugacity model predicts partitioning of chemicals among air, soil, sediment, and water under steady state
conditions for a default model “environment” (U.S. EPA 2012c).
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4.2 Data Sources and Assessment Methodology

This section explains how data were collected (Section 4.2.1), prioritized, and reviewed (Section
4.2.2) for use in the development of hazard profiles. High-quality experimental studies lead to a
thorough understanding of behavior and effects of the chemical in the environment and in living
organisms. Analog approaches and SAR-based estimation methods are also useful tools and are
discussed throughout this section. Information on how the alternative butadiene styrene
brominated copolymer included in this assessment differs from discrete chemicals in terms of
how it was evaluated is presented in Section 4.2.3.

4.2.1 ldentifying and Reviewing Measured Data

For each chemical assessed, data were collected in a manner consistent with the High Production
Volume (HPV) Chemical Challenge Program Guidance (U.S. EPA 1999b) on searching for
existing chemical information. This process resulted in a comprehensive search of the literature
for available experimental data. For chemicals well characterized by experimental studies, this
usually resulted in the collection of recent high-quality reviews or peer-reviewed risk
assessments. These were supplemented by primary searches of scientific literature published
after these secondary sources were released, which is explained in greater detail below. For
chemicals that are not as well characterized, that is, where these secondary sources were not
available or lacked relevant or adequate data, a comprehensive search of the primary scientific
literature was done. Subsequently, these searches led to the collection and review of articles from
the scientific literature, industrial submissions, encyclopedic sources, and government reports. In
addition, data presented in EPA public databases (e.g., integrated risk information system (IRI1S);
the High Production Volume Information System) and confidential databases were obtained for
this project. Generally, foreign language (non-English) reports were not used unless they
provided information that was not available from other sources.

Chemical assessments were performed by first searching for experimental data for all endpoints
in Table 4-1. For the three alternatives assessed, high-quality secondary sources were not
available; therefore, a comprehensive search of the literature was performed to identify
experimental data. In some cases, confidential studies were also submitted to EPA by chemical
manufacturers available to support hazard designations. For those chemicals that were expected
to form stable metabolites or degradation products, searches were performed to identify relevant
fate and toxicity information for the metabolite or degradation product.

Well Studied Chemicals — Literature Search Strategy

As mentioned above, for chemicals that have been well studied, limited to HBCD in this
Alternatives Assessment, the literature review focused primarily on the use of secondary sources,
such as Agency for Toxic Substances and Disease Registry (ATSDR) Toxicological Profiles or
EPA’s Integrated Risk Information System (IRIS) assessments. For HBCD, an Australian
National Industrial Chemicals Notification and Assessment Scheme (NICNAS) (National
Industrial Chemicals Notification and Assessment Scheme 2012), an Organisation for Economic
Co-operation Development (OECD) Screening Information Dataset Initial Assessment Profile
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(SIAP) from 2007 (Organisation for Economic Co-Operation and Development (OECD) 2007), a
National Academy of Sciences National Research Council (National Research Council 2000)
risk assessment, a European Communities (European Commission 2008; Scientific Committee
on Health and Environmental Risks (SCHER) 2008b; Scientific Committee on Health and
Environmental Risks (SCHER) 2008a) assessment, and a Screening Assessment by Environment
Canada/Health Canada (Environment Canada 2011) were available. Using high-quality
secondary sources maximized available resources and eliminated potential duplication of effort.
However, more than one secondary source was typically used to verify reported values, which
also reduced the potential for presenting a value that was transcribed incorrectly from the
scientific literature. Although other sources might also contain the same experimental value for
an endpoint, effort was not focused on building a comprehensive list of these references, as it
would not have enhanced the ability to reach a conclusion in the assessment. When data for a
selected endpoint could not be located in a secondary source for an otherwise well studied
chemical, the primary literature was searched by endpoint and experimental studies were
assessed for relevant information.

Making Predictions in the Absence of Measured Data

In the absence of primary or secondary data, hazard designations were based on (1) Quantitative
Structure Activity Relationships (QSAR)-based estimations from the EPA New Chemical
Program’s predictive methods; (2) analog data; (3) class-based assignments from the EPA
Chemical Categories document; and (4) expert judgment by EPA subject matter experts.

For chemicals that lacked experimental information, QSAR assessments were made using either
EPA’s Estimation Programs Interface (EPISuite™) for physical-chemical property and
environmental fate endpoints or EPA’s Ecological Structure Activity Relationships
(ECOSAR™) QSARs for ecotoxicity. For the cancer endpoint, EPA’s OncoLogic expert system
was consulted, but did not provide results for HBCD or the alternatives because an appropriate
chemical class was not available within the model to evaluate these chemicals. These estimation
methods have been automated, and are available for free (U.S. EPA 2012d). Often analog data
were used to support predictions from models. These approaches were described in the EPA
Pollution Prevention (P2) Framework and Sustainable Futures (SF) program (U.S. EPA 2005b;
U.S. EPA 2012¢).

For some physical-chemical properties that could not be estimated using EP1Suite™, such as
acid/base dissociation constants, other available methods (e.g., the SPARC Performs Automated
Reasoning in Chemistry (SPARC) website for dissociation constants) were used. All estimation
methods employed were limited to those freely available in the public domain.

The methodology and procedures used to evaluate a polymer are described in Section 4.2.3. The
endpoints for impurities and oligomers with a MW >1,000 daltons were estimated using
professional judgment and the results assessed for inclusion in the overall hazard designation.
This process is described, as appropriate, under the corresponding endpoints appearing in Section
4.3.

When QSAR models were not available, professional judgment was used to identify hazards for
similar chemicals using the guidance from EPA’s New Chemicals Categories (U.S. EPA 2010b).
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The categories identify substances that share chemical and toxicological properties and possess
potential health or environmental concerns (U.S. EPA 2010a). In the absence of an identified
category, analogs for which experimental data are available were identified using EPA’s Analog
Identification Methodology (AIM) or by substructure searches of confidential EPA databases
(U.S. EPA 2012a). If a hazard designation was still not available, the expert judgment of
scientists from EPA’s New Chemical Program would provide an assessment of the physical-
chemical properties, environmental fate, aquatic toxicity, and human health endpoints to fill
remaining data gaps.

4.2.2 Hierarchy of Data Adequacy

Once the studies were obtained, they were evaluated to establish whether the hazard data were of
sufficient quality to meet the requirements of the assessment process. The adequacy and quality
of the studies identified in the literature review are described in the Data Quality field of the
chemical assessments presented in Section 4.8. The tiered approach described below represents a
general preferred data hierarchy, but the evaluation of toxicological data also requires flexibility
based on expert judgment.

1. One or more studies conducted in a manner consistent with established testing
guidelines

2. Experimentally valid but nonguideline studies (i.e., do not follow established testing
guidelines)

3. Reported data without supporting experimental details

4. Estimated data using SAR methods or professional judgment based on an analog
approach

5. Expert judgment based on mechanistic and structural considerations

In general, data were considered adequate to characterize an endpoint if they were obtained using
the techniques identified in the HPV data adequacy guidelines (U.S. EPA 1999b). Studies
performed according to Harmonized EPA or OECD guidelines were reviewed to confirm that the
studies followed all required steps.

Experimental studies published in the open literature were reviewed for their scientific rigor and
were also compared and contrasted to guideline studies to identify potential problems arising
from differences in the experimental design. Data from adequate, well-performed, experimental
studies were used to assign hazard designations in preference to those lacking sufficient
experimental detail. When multiple adequate studies were available for a given endpoint, any
discrepancies that were identified within the set of data were examined further and addressed
using a weight-of-evidence approach that was described in the data entry to characterize the
endpoint whenever possible.

When available, experimental data from guideline or well-performed experimental studies were
preferred (Items 1 and 2 in the hierarchy list). Information from secondary sources such as
Material Safety Data Sheets or online databases (such as the National Library of Medicine’s
Hazardous Substances Data Bank, Item 3 in the hierarchy list) was considered appropriate for
some endpoints when it included numerical values for effect levels that could be compared to the
evaluation criteria.
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4.2.3 Assessment of Polymers

The methodology and procedures used to assess the polymer (butadiene styrene brominated
copolymer) in this assessment were slightly different than those used for discrete compounds and
simple mixtures. Using the literature search techniques discussed above in Section 4.2.1
experimental data for the polymer were identified for many, but not all, of the endpoints.
Estimations, using professional judgment as presented in the polymer assessment literature, were
used in instances where there was an absence of experimental data (Boethling and Nabholz
1997).

Polymers are a mixture of molecules with a distribution of components (e.g., different chain
lengths) that depend on the monomers used, their molar ratios, the total number of monomeric
units in the polymer chain, and the manufacturing conditions. To account for this variation, the
average MW profile (also referred to as the number average molecular weight MW ,) was used in
the assessment as the individual chains rarely have the same degree of polymerization and
weight yet their physical, chemical, and environmental properties are essentially identical for the
purposes of this assessment. The polymer evaluated as an alternative, Butadiene styrene brominated
copolymer, typically has an average MWs ranging from 60,000 to 160,000 daltons.

4.3 Importance of Physical and Chemical Properties, Environmental Transport, and
Biodegradation

Physical-chemical properties provide basic information on the characteristics of a chemical
substance and were used throughout the alternatives assessment process. These endpoints
provide information required to assess potential environmental release, exposure, and
partitioning as well as insight into the potential for adverse toxicological effects. The physical-
chemical properties are provided in the individual chemical hazard profiles presented in Section
4.8. For information on how key physical-chemical properties of alternatives can be used to
address the potential for human and environmental exposure, please refer to Table 4-1.
Descriptions of relevant physical-chemical properties and how they contribute to the hazard
assessments are presented below.

Molecular Weight (MW)

MW informs how a chemical behaves in a physical or biological system including bioavailability
and environmental fate. In general, but not strictly, larger compounds tend to be less mobile in
biological and environmental systems. Their large size restricts their transport through biological
membranes and lowers their vapor pressure. Polymers are mixtures that contain a distribution of
components and typically do not have a unique MW (see also Section 4.2.3). To account for
variation in these mixtures, the average MW or MW,,, determined experimentally (typically
using high pressure liquid chromatography, viscosity, or light-scattering), is used in the
assessment of the polymer. The assessment of a polymer also includes analysis of oligomers and
unchanged monomers (starting materials) that have MW of <1,000 daltons as these can often be
the highest concern materials (bioavailable substances) in the mixture. The butadiene styrene
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brominated copolymer evaluated in this assessment is not expected to contain a significant
amount of oligomers or unchanged monomers based on its method of manufacture.

Melting Point and Boiling Point

These two properties provide an indication of the physical state of the material at ambient
temperature. Chemicals with a melting point more than 25°C were assessed as a solid. Those
substances with a melting point less than 25°C and a boiling point more than 25°C were assessed
as a liquid and those with a boiling point less than 25°C were assessed as a gas. The physical
state was used throughout the assessment, such as in the determination of potential routes of
human and environmental exposure, as described in Section 5.2. The melting and boiling points
were also useful in determining the potential environmental fate, ecotoxicity, and human health
hazards of a chemical. For example, organic compounds with high melting points generally have
low water solubility and low rates of dissolution. These properties influence a material’s
bioavailability and were therefore taken into account in both the assessment process and the
evaluation of experimental studies. Similarly, chemicals with a low melting point also have a
higher potential to be absorbed through the skin, gastrointestinal tract, and lungs.

In the absence of experimental data, the melting point value was not reported and no estimations
were performed. If a chemical decomposes before it melts, this information was included in the
assessment. For boiling point, the maximum value reported in the assessment was 300°C for
high boiling materials including the butadiene styrene brominated copolymer (U.S. EPA 1999b).
A melting point for the butadiene styrene brominated copolymer was not reported as this type of
material typically reaches a softening point and does not undergo the phase change associated
with melting (i.e., solid to liquid).

Vapor Pressure

Vapor pressure is useful in determining the potential for a chemical substance to volatilize to the
atmosphere from dry surfaces, from storage containers, or during mixing, transfer, or
loading/unloading operations (see Section 5.2). In the assessment process, chemicals with a
vapor pressure less than 1x10° mm Hg have a low potential for inhalation exposure resulting
from gases or vapors. Vapor pressure is also useful for determining the potential environmental
fate of a substance. Substances with a vapor pressure more than 1x10™* mm Hg generally exist in
the gas phase in the atmosphere. Substances with a vapor pressure between 1x10* and 1x10°
mm Hg exist as a gas/particulate mixture. Substances with a vapor pressure less than 1x10°® mm
Hg exist as a particulate. The potential atmospheric degradation processes described below in the
reactivity section generally occur when a chemical exists in the gas phase. Gases in the
atmosphere also have the potential to travel long distances from their original point of release.
Materials in the liquid or solid (particulate) phases in the atmosphere generally undergo
deposition onto the Earth’s surface.

A maximum vapor pressure of 1x10® mm Hg was assigned for chemicals without experimental

data or for those substances that were anticipated by professional judgment to be nonvolatile
(U.S. EPA 1999b). The maximum vapor pressure of 1x10® mm Hg was also the default value
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reported for the vapor pressure of the butadiene styrene brominated copolymer as it has a MW
>1,000 daltons.

Water Solubility

The water solubility of a chemical provides an indication of its distribution between
environmental media, potential for environmental exposure through release to aquatic
compartments, and potential for human exposure through ingestion of drinking water. Water
solubility was also used extensively to determine potential human health and ecotoxicity hazards.
In general, chemicals with water solubility less than 1x10° g/L indicate a lower concern for both
the expression of adverse effects, and potential aquatic and general population exposure due to
their low bioavailability. However, chemicals with low bioavailability also tend to be more
environmentally persistent. Low bioavailability is different than no bioavailability, and the two
should not be used interchangeably.

Within the context of this alternatives assessment, the following descriptors were used according
to ranges of water solubility values: more than 10,000 mg/L was considered very soluble;
1,000-10,000 mg/L represents soluble; 100-1,000 mg/L represents moderately soluble, 1-100
mg/L represents slightly soluble, and less than 1 mg/L represents insoluble, noting that these
guidelines might not match what is used elsewhere within the scientific literature for other
disciplines. Chemicals with higher water solubility were more likely to be transported into
groundwater with runoff during storm events, be absorbed through the gastrointestinal tract or
lungs, partition to aquatic compartments, undergo atmospheric removal by rain washout, and
possess a greater potential for human exposure through the ingestion of contaminated drinking
water. Chemicals with lower water solubility are generally more persistent and have a greater
potential to bioconcentrate.

The water solubility of a substance was also used to evaluate the quality of experimental aquatic
toxicity and oral exposure human health studies as well as the reliability of aquatic toxicity
estimates. If the water solubility of a substance was lower than the reported exposure level in
these experiments, then the study was likely to be regarded as inadequate due to potentially
confounding factors arising from the presence of un-dissolved material. For aquatic toxicity
estimates obtained using SARs, when the estimated toxicity was higher than a chemical’s water
solubility (i.e., the estimated concentration in water at which adverse effects appear cannot be
reached because it was above the material’s water solubility), the chemical was described as
having NES. An NES designation is equivalent to a Low ecotoxicity hazard designation for that
endpoint.

Chemicals without experimental data or chemicals that were anticipated by professional
judgment to be sufficiently insoluble and thus were not bioavailable were assigned a water
solubility maximum value of 1x10™ mg/L (U.S. EPA 1999b). A water solubility of 1x10® mg/L
is the default value used for discrete organics as well as a non-ionic polymer with a MW >1,000
daltons according to information contained in the literature concerning polymer assessment
(Boethling and Nabholz 1997). This assignment is consistent with an analysis of the chemicals
used in the development of the water solubility estimation program in EPA’s EPISuite™
software. The training set for this model included 1,450 chemicals with a MW range 27-628
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daltons and experimental water solubilities ranging from miscible to 4x10”" mg/L (Meylan,
Howard et al. 1996; U.S. EPA 2011h). Given that water solubility decreases with MW, a default
value of 1x10™° mg/L is consistent with the limited bioavailability expected for materials with a
MW >1,000 daltons.

Octanol/Water Partition Coefficient (Kow)

The octanol/water partition coefficient, commonly expressed as its log value (i.e., log Kow) is
one of the most useful properties for performing a hazard assessment. The log K, indicates the
partitioning of a chemical between octanol and water, where octanol is used to mimic fat and
other hydrophobic components of biological systems. Chemicals with a log Ko less than 1 are
highly soluble in water (hydrophilic), while those with a log Ko, more than 4 are not very
soluble in water (hydrophobic). A log K, more than 8 indicates that the chemical is not readily
bioavailable and is essentially insoluble in water. In addition, a log Ko, greater than
approximately 8 may be difficult to obtain experimentally.

The log Ko can be used as a surrogate for the water solubility in a hazard assessment and is
frequently used to estimate the water solubility if an experimental value is not available. It can
also be used to estimate other properties important to the assessment, including bioconcentration
and soil adsorption, and is a required input for SAR models used to estimate ecotoxicity values.

For chemicals without data, that are not within the domain of EPISuite™ or that were expected
to be insoluble in water (WS <1x10 mg/L), a minimum value of 10 was assigned for the log
Kow (U.S. EPA 1999b). Insoluble chemicals that could be run through EPISuite™ software may
use a log Koy >10 if the result appeared to be valid based on expert review. This assignment is
consistent with an analysis of the chemicals (“training set”) used in the development of the
octanol/water partition coefficient estimation program in the EP1Suite™ software. The training
set for this model included 10,946 chemicals with a MW range 18-720 daltons and experimental
log Kows ranging from -3.89 to 8.70 (Meylan and Howard 1995; U.S. EPA 20119g). Given that
log Ko increases with MW, a default value of 10 is consistent with the limited bioavailability
expected for materials with a MW >1,000 daltons. A maximum log Ko, of -2 was used for water
soluble materials. For most polymers and other materials that are anticipated to be insoluble in
both water and octanol, the log K, cannot be measured and it was therefore not listed for the
butadiene styrene brominated copolymer evaluated in this assessment.

Flammability (Flash Point)

The flash point of a substance is defined as the minimum temperature at which the substance
emits sufficient vapor to form an ignitable mixture with air. Flash point can be used to identify
hazards associated with the handling of volatile chemicals. Substances with a flash point above
37.8°C (100°F) were commonly referred to as non-flammable, as this is the flammability
definition used in the shipping industry. There are exceptions to this definition such as chemicals
that may form explosive mixtures in the presence of air.
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Explosivity

Explosivity refers to the potential for a chemical to form explosive mixtures in air and can be
defined using the limits of flammability. The lower limit of flammability (LFL) is defined as the
minimum concentration of a combustible substance that is capable of propagating a flame
through a homogenous mixture in the presence of an ignition source. The upper limit of
flammability (UFL) is similarly defined as the highest concentration that can propagate a flame.
LFLs and UFLs are commonly reported as the volume percent or volume fraction of the
flammable component in air at 25°C. If the ambient air concentration of the gas (or vapor) is
between the upper and lower explosion limit, then the material has the potential to explode if it
comes in contact with an ignition source. Knowledge regarding the explosivity of a given
material in air is also useful in identifying potential hazards associated with the manufacture and
use of that material.

pH

The pH scale measures how acidic or basic a substance is on a range from 0 to 14. A pH of 7 is
neutral. A pH less than 7 is acidic, and a pH greater than 7 is basic. This scale is used primarily
to identify potential hazards associated with skin or eye contact with a chemical or its aqueous
solutions. The corrosive nature of chemicals that form either strongly basic (high pH) or strongly
acidic (low pH) solutions are generally likely to result in harm to skin and other biological
membranes. For corrosive chemicals, some experimental studies, such as biodegradation tests,
require additional analysis to determine if the tests were performed at concentrations that cause
harm to microbes in the test (and, therefore, may result in incorrectly identifying a chemical as
persistent in the environment). For chemicals that form moderately basic or acidic solutions in
water, the pH of the resulting solution can be used in lieu of a measured dissociation constant.
None of the chemicals evaluated in this assessment are expected to dissociate in water.

Dissociation Constant in Water (pKa)

The dissociation constant determines if a chemical will ionize under environmental conditions.
The dissociation constant in water provides the amount of the dissociated and undissociated
forms of an acid, base, or organic salt in water. Knowledge of the dissociation constant is
required to assess the importance of the other physical-chemical properties used in the hazard
assessment. As the percentage of ionization increases, the water solubility increases while the
vapor pressure, Henry’s Law constant, and octanol/water partition coefficient decrease. For acids
and bases, the dissociation constant is expressed as the pKa and pKg, respectively. None of the
chemicals evaluated in this assessment are expected to ionize in water.

Henry’s Law Constant

Henry’s Law constant is the ratio of a chemical’s concentration in the gas phase to that in the
liquid phase (at equilibrium). In environmental assessments, the Henry’s Law constant is
typically measured in water at 25°C. The Henry’s Law constant provides an indication of a
chemical’s volatility from water, which can be used to derive partitioning within environmental
compartments and the amount of material removed by stripping in a sewage treatment plant.
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Henry’s Law constant values less than 1x10” atm-m*/mole indicate slow volatilization from
water to air (the Henry’s Law constant for the volatilization of water from water is 1x10™ atm-
m*/mole) and values more than 1x10° atm-m®mole indicate rapid volatilization from water to
air. To aid in determining the importance of volatilization, the assessment uses two models based
on the Henry’s Law constant. These models determine the half-life for volatilization from a
model river and a model lake. A maximum value of 1x10°® atm-m*/mole for the Henry’s Law
constant was assigned for chemicals without experimental data or for those that were anticipated
by professional judgment to be nonvolatile.

Sediment/Soil Adsorption/Desorption Coefficient (Kqc)

The soil adsorption coefficient provides a measure of a chemical’s ability to adsorb to the
organic portion of soil and sediment. This provides an indication of the potential for the chemical
to leach through soil and be introduced into groundwater, which may lead to environmental
exposures to wildlife or humans through the ingestion of drinking water drawn from
underground sources. Chemicals with high soil adsorption coefficients are expected to be
strongly adsorbed to soil and are unlikely to leach into ground water. The soil adsorption
coefficient also describes the potential for a chemical to partition from environmental waters to
suspended solids and sediment. The higher the K,, the more strongly a chemical is adsorbed to
soil. Strong adsorption may impact other fate processes, such as the rate of biodegradation, by
making the chemical less bioavailable.

The soil adsorption coefficient, K, is normalized with respect to the organic carbon content of
the soil to account for geographic differences. The assignments for the degree that a chemical is
adsorbed to soil within the context of the assessment were described qualitatively as very strong
(above 30,000), strong (above 3,000), moderate (above 300), low (above 30), and negligible
(above 3). When determining the potential for a chemical to adsorb to soil and suspended organic
matter, the potential for a chemical to form chemical bonds with humic acids and attach to soil
also needs to be considered, although this process is generally limited to a small number of
chemical classes.

A maximum value of 30,000 for the K, was assigned for chemicals without experimental data
or for those that were anticipated by estimation models or professional judgment to be strongly
absorbed to soil (U.S. EPA 2005b). A default K. of 30,000 was also assigned for the butadiene
styrene brominated copolymer because it has a MW >1,000 daltons.

Reactivity

The potential for a substance to undergo irreversible chemical reactions in the environment can
be used in the assessment of persistence. The primary chemical reactions considered in an
environmental fate assessment are: hydrolysis, photolysis, and the gas phase reaction with
hydroxyl radicals, ozone, or nitrate radicals. The most important reaction considered in the
hazard assessment of organic compounds is hydrolysis, or the reaction of a chemical substance
with water. Because the rate of hydrolysis reactions can change substantially as a function of pH,
studies performed in the pH range typically found in the environment (pH 5-9) were considered.
The second reaction considered in the assessment is photolysis, the reaction of a chemical with
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sunlight. Both hydrolysis and photolysis occur in air, water, and soil, while only hydrolysis was
considered in sediment. The half-lives for reactive processes, if faster than removal via
biodegradation, were used to assign the hazard designation by direct comparison to the DfE
persistence criteria.

For the atmospheric compartment, persistence also includes the evaluation of oxidative gas-
phase processes. These processes include the reaction with ozone, hydroxyl radicals, and nitrate
radicals. Since the average concentration of these oxidative species in the atmosphere has been
measured, the experimental or estimated rate constants were converted to, and reported as, a
half-life in the assessment using standard pseudo first-order kinetics (U.S. EPA 2011e; U.S. EPA
2011d).

Environmental Transport

The persistence of a chemical substance is based on determining the importance of removal
processes that may occur once a chemical enters the environment. As noted in Section 4.3,
chemicals with a half-life of less than 60 days are expected to be at most a Moderate hazard
designation for persistence. Persistence does not directly address the pathways in which a
chemical substance might enter the environment (e.g., volatilization or disposal in a landfill) and
focuses instead on the removal processes that are expected to occur once it is released into air,
water, soil, or sediment. Similarly, the persistence assessment does not address what might
happen to a chemical substance throughout its life cycle, such as disposal during incineration of
consumer or commercial products. Understanding the environmental transport of a chemical
substance can help identify processes relevant to environmental assessment. For example, if a
chemical is toxic to benthic organisms and partitions primarily to sediment, its potential release
to water should be carefully considered in the selection of alternatives.

Biodegradation

In the absence of rapid hydrolysis or other chemical reactions, biodegradation is typically the
primary environmental degradation process for organic compounds. Determining the importance
of biodegradation is, therefore, an important component of the assessment. Biodegradation
processes are divided into two types. The first is primary biodegradation, in which a chemical
substance is converted to another substance. The second is ultimate biodegradation, in which a
chemical is completely mineralized to small building-block components (e.g., CO, and water).
DfE persistence criteria use data that are reported as percent of theoretical ultimate degradation
in the guideline Ready Biodegradability test or as a half-life in other experimental studies; both
of these measurements can be compared directly to the DfE criteria in 4.1.2. When considering
primary degradation, the assessment process includes an evaluation of the potential for the
formation of metabolites that were more persistent than the parent materials. Chemical
substances that undergo rapid primary degradation but only slow ultimate biodegradation were
considered to have stable metabolites. In the absence of measured data on the substance of
interest, DfE evaluated the potential for biodegradation for chemicals with a MW <1,000 daltons
using the EPA EPISuite™ models. EPISuite™ estimates the probability for ready biodegradation
as well as the potential for primary and ultimate removal, as described in Section 4.3. A default
Very High persistence hazard designation was assigned for the butadiene styrene brominated
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copolymer according to information contained in the literature concerning polymer assessment
because it has a MW >1,000 daltons (Boethling and Nabholz 1997).

4.4 Evaluating Human Health Endpoints

After data collection and analysis of the physical-chemical properties for the chemicals being
assessed the comparison of the data against the hazard criteria can begin. Section 4.4.1 discusses
how measured data are used to make hazard designations for human health endpoints and
Section 4.4.2 presents the approach for filling in data gaps to make these hazard designations.

4.4.1 Endpoints Characterized and Evaluated Against Criteria Based on Measured Data

This section provides a short description of how measured data were used to designate the level
of hazard for each endpoint. As a reminder, the criteria for the hazard designations are in Table
4-2.

For acute mammalian toxicity, LDsos or LCs0S were used to assign the hazard designation. Four
levels of hazard designation have been defined ranging from Low to Very High.

For cancer, the hazard designation was contingent on the level of evidence for increased
incidence of cancer rather than potency. The definitions applied in DfE criteria are based on
International Agency for Research on Cancer (IARC) levels of evidence (International Agency
for Research on Cancer 2006). For example, a designation of Very High concern requires that
the substance be characterized as a “known or presumed human carcinogen”, whereas a
designation of Low concern requires either negative studies or robust SAR conclusions. A
designation of Moderate was applied as a default value when there was an absence of data
suggesting High carcinogenicity, and an absence of data supporting Low carcinogenicity (i.e., a
lack of negative studies or weak SAR conclusions).

Similarly, the hazard designation for mutagenicity/genotoxicity was also based on the level of
evidence rather than potency. Complete data requirements for this endpoint were both gene
mutation and chromosomal aberration assays. For instances of incomplete or inadequate
mutagenicity/genotoxicity data, a Low hazard designation cannot be given.

For chronic endpoints, such as reproductive, developmental, neurological, and repeated dose
toxicities, the hazard designation was based on potency. The evaluation considers both lowest
observed adverse effect levels (LOAELS) and identification of no observed adverse effect levels
(NOAELSs) when available. The LOAEL and the NOAEL are experimental dose levels, and their
reliability is dictated by the study design. In studies for which the lowest dose tested resulted in
an adverse effect (and therefore a NOAEL was not established), and in studies for which the
highest dose tested was a NOAEL, a conservative approach using professional judgment was
used to address uncertainty regarding the lowest dose or exposure level that might be expected to
cause a particular adverse effect. For example, in the absence of an established a NOAEL, an
identified LOAEL might fall within the range of a Moderate hazard; however, it is uncertain if a
lower dose, such as one that falls within the range of High hazard exists because no lower doses
were tested. In such cases, professional judgment was applied to assign a hazard designation
when possible. Some degree of uncertainty was evident in results from studies in which a
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NOAEL may fall within one hazard range (e.g., Moderate hazard) and the identified LOAEL
falls within a different hazard range (e.g., Low hazard) because the true LOAEL may fall in
either category, but there were not enough experimental data points to determine the true
LOAEL. Professional judgment was also applied to these cases to assign a hazard descriptor
when possible and the rationale used was described in the assessment. Developmental
neurotoxicity was considered and was evaluated using the developmental toxicity criteria, which
are more stringent than the criteria for neurotoxicity, and thus designed to be more protective
(U.S. EPA 2011b).

The criteria for skin and respiratory sensitization, which are immune-based responses, consider
the frequency and potency of the reactions. For skin sensitization, categories were based on the
weight of evidence®® from traditional animal bioassays, but in vitro alternative studies were also
considered. At this time, there are no standard test methods for respiratory sensitization and no
test data; as a result there was often no designation for this endpoint.

The evaluation of skin and eye irritation and corrosivity were based on the time to recovery.

4.4.2 SAR - Application of SAR and Expert Judgment to Endpoint Criteria

If measured data pertaining to human health criteria were not available, potential adverse effects
were estimated with SAR analysis. To make these estimates, DfE relied on the expertise of
scientists in EPA’s New Chemicals Program who have reviewed thousands of chemicals and
associated data using these methods. SAR uses the molecular structure of a chemical to infer a
physicochemical property that can be related to specific effects on human health. These
correlations may be qualitative (“simple SAR”) or quantitative (QSAR). Information on EPA’s
use of SAR analysis has been published by U.S. EPA (1994). Public access to free validated
quantitative SAR models for human health endpoints is far more limited than physical-chemical
properties, environmental fate parameters, or ecotoxicology.

Carcinogenicity was assessed using the OncoLogic expert system that provides a qualitative
result directly applicable to the DfE criteria. For other endpoints that required SAR approaches,
an analog approach using expert judgment was used as discussed in Section 4.4.2. All estimates
obtained in this project were reviewed by EPA scientists having appropriate expertise. Estimates
for the other human health endpoints were based on expert judgment using an analog approach
and not through the use of computerized SAR methodologies.

Carcinogenicity

The potential for a chemical to cause cancer in humans was estimated using the OncoLogic
expert system. This program uses a decision tree based on the known carcinogenicity of
chemicals with similar chemical structures, information on mechanisms of action, short-term
predictive tests, epidemiological studies, and expert judgment. EPA’s OncolLogic expert system

1> Generally, weight of evidence is defined as the process for characterizing the extent to which the available data
support a hypothesis that an agent causes a particular effect (U.S. EPA 1999a; U.S. EPA 2002; U.S. EPA 2005a).
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was consulted, but did not provide results for HBCD or the alternatives because an appropriate
chemical class was not available for HBCD or the alternatives.

Assessment of Polymers

Estimates for the butadiene styrene brominated copolymer were obtained using information
contained in the literature concerning polymer assessment based on its MW profile (Boethling
and Nabholz 1997). The butadiene styrene brominated copolymer had an average MW >1,000
daltons and no significant amounts of low MW material <1,000 daltons arising from oligomers
or unreacted monomers based on its method of manufacture. The properties for polymers with an
average MW >1,000 with no low MW components are generally evaluated as a single high MW
material. In general, polymers with an average MW >1,000 were not amenable to the available
SAR estimation methods and based on the literature are assumed to have low to no
bioavailability. Polymers with MW >1,000 that were not degradable or reactive are also typically
not bioavailable. Polymers with an average MW >10,000 have the potential for adverse effects
due to lung overloading when respirable particles are present (less than ten microns). The
potential for fibrosis or cancer are not assumed with high MW compounds. These methods were
applied to the butadiene styrene brominated copolymer evaluated in this hazard screening
assessment. There may be exceptions to the guidelines outlined above and as such this guidance
should not be held as absolute thresholds.

4.5 Evaluating Environmental Toxicity and Fate Endpoints

As with endpoints previously mentioned, the preferred method for the evaluation of
environmental endpoints is the use of experimental data. In their absence, the alternatives
assessment uses computerized QSAR models developed by EPA for the evaluation of
environmental endpoints that can be directly compared to the DfE criteria. When measured data
were not available, the aquatic toxicity was estimated using EPA’s ECOSAR ™ software and the
persistence designation was estimated using models in EPA’s EPISuite™ software. The hazard
designation was determined by applying the criteria to these estimates. As a direct result of the
design of these models and their direct application to DfE criteria, the evaluation of
environmental endpoints using experimental or estimated data was discussed together in the
following subsections.

45.1 Aquatic Toxicity

For ecological toxicity, the alternatives assessment focused on the hazard designations for acute
and chronic studies on freshwater species of algae, invertebrates, and fish, (often referred to as
the “three surrogate species”). Aquatic toxicity values were reported in the assessment as
follows:

e Acute (estimated or experimental) - LCsp in mg/L

e Chronic (experimental) - No observed effect concentration (NOEC) in mg/L

e Chronic (estimated) - ChV, or the geometric mean between the NOEC and the LOEC, in
mg/L
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Experimental data reported in the alternatives assessment also included information on the
species tested. Test data on other organisms (e.g., worms) were included in the assessment if data
were readily available. These data would be evaluated using professional judgment to support
hazard designations assigned using the three surrogate species; however, they were not used by
themselves to assign a hazard designation as DfE criteria are not available.

If an experimental or estimated effect level exceeded the known water solubility of a chemical
substance, or if the log Ko exceeded the estimated ECOSAR™ cut-off values for acute and
chronic endpoints (which are class-specific), NES were predicted for the aquatic toxicity
endpoints. NES indicates that at the highest concentration achievable, the limit of a chemical’s
water solubility, no adverse effects were observed (or would be expected). In these cases, a Low
hazard designation was assigned. The three alternatives evaluated were estimated to display
NES.

In the case where an experimental aquatic toxicity value was significantly higher than the
chemical’s water solubility, it was likely the result of a poorly conducted study. In this
circumstance, which is generally more frequent for formulated products or mixtures, additional
details were provided in the data quality section to describe why the reported values could not be
used to assign a hazard designation.

EPA’s ECOSAR™ estimation program uses chemical structure to estimate toxicity of a chemical
substance using class-specific QSARs. ECOSAR™ automatically determines all of the classes
that a chemical substance may belong to and, therefore, may provide a number of different
ecotoxicity estimates for some or all of the species and durations estimated. Modeled results are
dependent on the functional groups present on the molecule as well as the diversity of chemicals
with experimental data that were used to build the models (their training set). The hazard profiles
report every estimated value returned from ECOSAR™. However, the hazard designation was
based on the most conservative ECOSAR™ estimate, unless expert judgment suggested that an
individual substance was better represented by a specific class based on analysis of the operative
mode of action. However, if the chemical substance is not anticipated to lie within the domain of
the class-specific estimates provided by ECOSAR or to undergo the same mode of action of the
chemicals that appear in their training sets, the narcosis (baseline toxicity) associated with the
neutral organic class will be used preferentially. Experimental log K, values were used
preferentially as input into ECOSAR ™. In their absence, estimated log K values from
EPISuite™ were used. ECOSAR™ is maintained and developed as a stand-alone program but is
also accessible through the EPA EPISuite™ program after it is installed; therefore the
Estimations Program Interface (EPI) program was cited for the ECOSAR™ values in this report.

The QSARs for ECOSAR ™ were built using experimental data for several chemical classes. For
a chemical class to be defined within ECOSAR™, sufficient acute experimental data were
required to build a QSAR for all three species included in the model. The equations in ECOSAR
are derived from data for surrogate species of fish, zooplankton, and phytoplankton. While these
surrogate species can comprise several genera as well as families, the equations are not intended
to be species specific, but rather estimates of toxicity to the general trophic levels they represent
(fish, aquatic invertebrates, and aquatic plants). There were instances, however, where sufficient
experimental data are not available to build a chronic QSAR for some of the three surrogate
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species. Although not utilized in this alternative assessment an acute value (experimental or
estimated) would be divided by an acute to chronic ratio (ACR) to arrive at the chronic value if a
chronic equation did not exist. ACRs of 10 are used for fish and daphnid and an ACR of 4 is
used for algae (Mayo-Bean, Nabholz et al. 2011).

An estimate of NES is the default value used for organics, oligomers, or non-ionic polymers with
a MW >1,000 daltons in the assignment of aquatic toxicity hazard. In EPA’s New Chemical
program, aquatic toxicity is not predicted for chemicals with a MW >1,000 daltons as uptake has
been found to decrease exponentially with MWs >600 daltons (Nabholz, Clements et al. 1993)
due to a decrease in passive absorption through respiratory membranes (Mayo-Bean, Nabholz et
al. 2011).

45.2 Bioaccumulation

Bioaccumulation is a process in which a chemical substance is absorbed in an organism by all
routes of exposure as occurs in the natural environment, e.g., from dietary and ambient
environment sources. Bioaccumulation is the net result of the competing processes which
includes uptake, metabolism, and elimination of a chemical in an organism. Bioaccumulation can
be evaluated using the BAF, the steady state ratio of a chemical in an organism relative to its
concentration in the ambient environment, where the organism is exposed through ingestion and
direct contact. Experimental BAFs have not been widely available in the scientific literature and,
as a result, experimental BCFs are more commonly used to evaluate the bioaccumulation hazard.
BCFs are defined as the ratio of the concentration of a chemical in an organism to the
concentration of the chemical in the organism’s surroundings; BCFs are typically measured for
fish (in water) using guideline studies.

Experimental BAF or BCF values can be compared directly to the DfE criteria for this endpoint
to assign a hazard designation. The BCF/BAF designations range from <100 for a Low
designation to >5,000 for a Very High designation (see 4.1.2). If experimental values were
available for both of these endpoints, and the BCF and BAF were >100 (i.e., above the Low
designation), the largest factor was used to assign hazard designation. If experimental BCFs
<100 were available, the estimated upper trophic BAF from EPISuite™ was used preferentially
if its use resulted in a more conservative hazard designation and the potential for metabolism was
accurately accounted for within the model estimates.

In the absence of experimental data, evaluation of bioaccumulation potential can be done using
the log Ko and the log octanol/air partition coefficient, K, as estimated by EPISuite™.
However, analysis using Ko, requires the use of metabolism data for higher trophic, air-breathing
organisms, which can be difficult to obtain from the scientific literature and cannot be readily
estimated. BAFs and BCFs from EPISuite™ were, therefore, typically used for the
bioaccumulation hazard designation when experimental data were lacking. These values can be
compared directly to DfE criteria and the most conservative result was used for the hazard
designation. For chemicals that had estimated bioaccumulation data, available experimental
monitoring data were used to provide insight into the reliability of the model results. For
example, an estimated Low bioaccumulation potential may be increased to a Moderate
designation if a chemical was routinely identified in samples from higher trophic levels, or a
High designation if the chemical was routinely measured in animals at the top of the food chain.
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Environmental monitoring data were only available for HBCD and TBBPA bis(2,3-
dibromopropyl) ether.

An estimate of Low is the default value used for discrete organics with a MW >1,000 daltons in
the assignment of bioaccumulation hazard. This assignment is consistent with an analysis of the
chemicals used in the development of the bioconcentration and bioaccumulation estimation
programs in the EPISuite™ software (U.S. EPA 2011f). The training sets for these models
included 527 and 421 chemicals, respectively, with a MW range of 68-992 daltons (959 daltons
for BAF). Given that BCF and BAF reach a maximum and then decrease with increasing log
Kow, a default value of Low is, in general, consistent with the limited bioavailability expected
for materials with a MW >1,000 daltons. DfE will use all available well-conducted studies when
evaluating bioaccumulation potential for materials with a MW >1,000, including environmental
biomonitoring data on higher trophic levels. No discrete organic substances with a MW >1,000
daltons were evaluated in the HBCD alternatives assessment.

The butadiene styrene brominated copolymer has a MW >1,000 daltons, and the default
bioaccumulation designation of Low was assigned, arising from its predicted limited
bioavailability (Boethling and Nabholz 1997).

45.3 Environmental Persistence

A chemical’s persistence in the environment is evaluated by determining the type and rate of
potential removal processes. These removal processes were generally divided into two
categories: chemical and biological. Of the chemical degradation processes, an evaluation of
environmental persistence includes the reaction of a chemical with water, also known as
hydrolysis, because water is ubiquitous in the environment. Hydrolysis rate constants can be
obtained from the literature or estimated, and the resulting half-lives can be compared directly to
DfE criteria. For chemicals without hydrolyzable groups, biodegradation tends to be the faster
degradation process; however, numerous chemicals possess labile groups and these may
hydrolyze in the environment at significant or even rapid rates. The chemicals assessed are not
anticipated to hydrolyze under environmental conditions. Direct and indirect photolysis also
represent other potential chemical degradation processes that are considered in the alternative
assessment, and they are discussed later in this section.

Biodegradation, the most prevalent biological removal process, was divided into two types. The
first is primary biodegradation, in which a chemical substance is converted to another substance
through a single transformation. The second is ultimate biodegradation, in which a chemical is
completely degraded to CO,, water, mineral oxides (such as phosphates for chemicals containing
phosphorus). DfE criteria utilize ultimate biodegradation preferentially for the persistence hazard
designation, although primary removal rates were informative in assigning hazard designations
particularly for materials that were transformed slowly, and to a lesser extent for those that are
transformed rapidly.

If ultimate biodegradation data were not available, primary removal data were evaluated. If
primary removal processes are occurring, then the potential for the formation of degradation
products that are more persistent than the parent compounds must be considered in the hazard
designation. When present, the persistent degradation products should be evaluated for fate and
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toxicity if they are anticipated to result in a different hazard designation relative to the parent
material. For all four of the chemicals evaluated, the primary biodegradation step is anticipated
to occur at a slow or negligible rate representing a High or VVery High designation when
compared directly to the DfE criteria.

Biodegradation processes can be classified as either aerobic or anaerobic. Aerobic
biodegradation is an oxidative process that occurs in the presence of oxygen. Anaerobic
biodegradation is a reductive process that occurs only in the absence of oxygen. Aerobic
biodegradation is typically assessed for soil and water, while anaerobic biodegradation is
generally assessed in sediment. For determining the persistence hazard, the importance of both
aerobic and anaerobic biodegradation as well as partitioning and transport in the environment
were considered to determine what removal processes were most likely to occur. Anaerobic
degradation may use any of several electron acceptors depending on their availability in a given
environment and the prevailing redox potential (E). The biodegradative populations that are
dominant in a given environment vary with the conditions and so do their biodegradative
capabilities.

One aspect of the assessment is to determine the potential for removal of a chemical substance,
and especially removal attributable to biodegradation, within a sewage treatment plant and other
environments. In this assessment, the term “ready biodegradability” refers to a chemical’s
potential to undergo ultimate degradation in guideline laboratory studies. A positive result in a
test for ready biodegradability can be considered as indicative of rapid and ultimate degradation
in most environments including biological sewage treatment plants. Ready tests typically include
a 10-day window, beginning when the biodegradation parameter (e.g., disappearance of
dissolved organic carbon from test substance, or theoretical oxygen demand) reaches 10%. The
10-day window must occur within the 28-day length of the test. If the pass level of the test (60%
for oxygen demand and CO;, production; 70% for dissolved organic carbon disappearance) is
met in the 10-day window, the chemical received a Very Low hazard designation. Those that did
not pass the 10-day window criterion but met the pass level in 28 days received a Low hazard
designation.

In the absence of a reported half-life, experimental data were also used to approximate half-life
as appropriate. For example, a chemical that undergoes <5% removal in 30 days would be
expected to have a half-life >60 days and would be assigned a High persistence concern.

When experimental data on the biodegradation of a chemical substance were not available, the
potential of that substance to undergo this removal process was assessed from the results of the
EPISuite™ models. These models fall into one of four classes: rapid biodegradation models
based on linear and non-linear regressions that estimate the probability that a chemical substance
will degrade fast; expert survey models that estimated the rate of ultimate and primary
biodegradation using semi-quantitative methods; probability of ready biodegradability in the
OECD 301C test; and probability of rapid biodegradation under methanogenic anaerobic
conditions (specifically, under conditions of the OECD 311 test). Each of these is discussed in
the following paragraphs.
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The first models (Biowin 5 and 6) used in the screening assessment estimated ready
biodegradability in the OECD 301C test and are also known as the Japanese Ministry of
International Trade and Industry (MITI) models. These models provided the probability that a
material passes this standardized test. Those chemicals that were estimated to pass the ready
biodegradability test received a Low persistence designation. If a chemical was not estimated to
pass the MITI test, the results of the other EP1Suite™ biodegradation models were used.

The rapid biodegradation potential models within EP1Suite™ (Biowin 1 and 2) were useful for
determining if a chemical substance was expected to biodegrade quickly in the environment. If a
chemical was likely to biodegrade quickly, it was generally assigned a Low hazard designation
for persistence. The results of the estimates from these models may be used in concert with the
semi-quantitative output from a second set of models, which include ultimate and primary
biodegradation survey models (Biowin 3 and 4) for evaluating persistence. These models
provided a numeric result, ranging from 1 to 5, which relates to the amount of time required for
complete ultimate degradation (Biowin 3) and removal of the parent substance by primary
degradation (Biowin 4) of the test compound. The numeric result from Biowin 3 was converted
to an estimated half-life for removal that can be compared directly to DfE criteria. If results from
different models (other than the MITI models) led to a different hazard designation, then the
ultimate biodegradation model results were used preferentially. If the transport properties
indicate the potential for the material to partition to sediment, an anoxic compartment, then the
results of the anaerobic probability model (Biowin 7) will also be evaluated.

Half-lives for hydrolysis from experimental studies or EPISuite™ estimates were used in
preference to biodegradation data when they suggested that hydrolysis is a more rapid removal
process. Hydrolysis half-lives can then be compared directly to DfE criteria to assign the
persistence designation. None of the chemicals evaluated are anticipated to undergo hydrolysis
under environmental conditions.

Photolysis may also be an important environmental removal process. In general, environmental
removal rates from photolysis do not compete with biodegradation or hydrolysis although there
are exceptions such as iodides and, to a lesser extent, bromides. Photolysis may be an important
removal process for chemicals that were not bioavailable because of their limited water
solubility. Estimation methods for photolysis rates were not available using computerized SAR
tools. If experimental or suitable analog data were available, the rate of photolysis was evaluated
relative to other removal processes.

The environmental persistence designation in the four hazard profiles is High or Very High.
Although these substances can degrade over time, this process is anticipated to occur at a very
slow rate. The butadiene styrene brominated copolymer has a MW >1,000 and received a Very
High persistence designation arising from its lack of bioavailability and the absence of chemical
degradation processes.

4.6 Endocrine Activity

Chemicals included in DfE alternatives assessments were screened for potential endocrine
activity, consistent with the DfE Alternatives Assessment Criteria. Endocrine activity refers to a
change in endocrine homeostasis caused by a chemical or other stressor. An endocrine
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disruptor is an external agent that interferes in some way with the role of natural hormones in
the body, in a manner causing adverse effects. Relevant data are summarized in the hazard
assessments for each chemical, located in Section 4.8. Data on endocrine activity were available
for HBCD, tetrabromobisphenol A (TBBPA) bis (2, 3-dibromopropyl) ether, and for TBBPA-bis
brominated ether derivative by analogy to the former substance. Endocrine data were
summarized as a narrative. A unique hazard designation for endocrine activity is not provided for
this endpoint in Table 4-2 because there is no consensus on what constitutes Low, Moderate or
High hazard concern. This issue is discussed in greater detail below.

The document Special Report on Environmental Endocrine Disruption: An Effects Assessment
and Analysis describes EPA’s activities regarding the evaluation of endocrine disruption (U.S.
EPA 1997). This report was requested by the Science Policy Council and prepared by EPA’s
Risk Assessment Forum. This report states that “Based on the current state of the science, the
Agency does not consider endocrine disruption to be an adverse endpoint per se, but rather to be
a mode or mechanism of action potentially leading to other outcomes, for example, carcinogenic,
reproductive or developmental effects, routinely considered in reaching regulatory decisions”
(U.S. EPA 1997). The report also states that “Evidence of endocrine disruption alone can
influence priority setting for further testing and the assessment of results of this testing could
lead to regulatory action if adverse effects are shown to occur” (U.S. EPA 1997).

The 1996 Food Quality Protection Act (FQPA) directed EPA to develop a scientifically validated
screening program to determine whether certain substances may cause hormonal effects in
humans. In response, EPA established the Endocrine Disruptor Screening Program (EDSP) (U.S.
EPA 2012b). The EDSP is developing requirements for the screening and testing of thousands of
chemicals for their potential to affect the endocrine system. When complete, EPA will use these
screening and testing approaches to set priorities and conduct further testing when warranted.
The science related to measuring and demonstrating endocrine disruption is relatively new, and
validated testing methods at EPA are still being developed.

The EDSP proposes a two-tiered approach that includes initial screening followed by more in-
depth testing when warranted (U.S. EPA 2011a). The Tier 1 screening battery is intended to
identify chemicals with the potential to interact with the estrogen, androgen, or thyroid hormone
systems through any of several recognized modes of action. Positive findings for Tier 1 tests
identify the potential for an interaction with endocrine systems, but do not fully characterize the
nature of possible effects in whole animals. Tier 2 testing is intended to confirm, characterize,
and quantify the effects for chemicals that interact with estrogen, androgen, and thyroid hormone
systems. These test methods must undergo a four-stage validation process (protocol
development, optimization/prevalidation, validation, and peer-review) prior to regulatory
acceptance and implementation. Validation is ongoing for Tier 1 and Tier 2 methods.*® Once
validated test methods have been established for screening and testing of potential endocrine
disruptors, guidance must be developed for interpretation of these test results using an overall
weight-of-evidence characterization.

18 Information on the status of assay development and validation efforts for each assay in EPA’s EDSP can be found
at: http://www.epa.gov/oscpmont/oscpendo/pubs/assayvalidation/status.htm.
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To assess the data on endocrine activity, DfE applies the weight of evidence approach developed
by the EDSP (U.S. EPA 2011c). This process integrates and evaluates data, and always relies on
professional judgment (U.S. EPA 2011c). To evaluate endocrine activity with this weight of
evidence approach, DfE examined multiple lines of evidence (when available) and considered
the nature of the effects within and across studies, including number, type, and
severity/magnitude of effects, conditions under which effects occurred (e.g., dose, route,
duration), consistency, pattern, range, and interrelationships of effects observed within and
among studies, species, strains, and sexes, strengths and limitations of the in vitro and in vivo
information, and biological plausibility of the potential for an interaction with the estrogen,
androgen, or thyroid hormonal pathways.

Test data from both in vitro assays and in vivo studies were included in the hazard profile for
HBCD. The hazard profile for TBBPA bis(2, 3-dibromopropyl) ether includes summaries of in
vitro assays, as does the hazard profile for TBBPA-bis brominated ether derivative by analogy to
the former substance. The results of in vitro assays alone were not generally expected to provide
a sufficient basis to support a hazard designation for endocrine disruption. EPA expects that in
vivo evidence would typically be given greater overall influence in the weight of evidence
evaluation than in vitro findings because of the inherent limitations of such assays. Although in
vitro assays can provide insight into the mode of action, they have limited ability to account for
normal metabolic activation and clearance of the compound, as well as normal intact
physiological conditions (e.g., the ability of an animal to compensate for endocrine alterations).
There were no experimental endocrine activity studies available for the butadiene styrene
brominated copolymer although based on the large MW and structural groups, it is not expected
to have endocrine activity due to its limited bioavailability and inability to be readily
metabolized in the body.
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Chemical Alternatives and the Toxic Substances Control Act

EPA’s Design for the Environment (DfE) program is administered by the Office of Pollution Prevention and
Toxics (OPPT), which is charged with the implementation of the Toxic Substances Control Act (TSCA) and
the Pollution Prevention Act (PPA).

Central to the administration of TSCA is the management of the TSCA Inventory. Section 8 (b) of TSCA
requires EPA to compile, keep current, and publish a list of each chemical substance that is manufactured or
processed in the United States. Companies are required to verify the TSCA status of any substance they wish to
manufacture or import for a TSCA-related purpose. For more information, please refer to the TSCA Chemical
Substance Inventory website: http://www.epa.gov/opptintr/existingchemicals/pubs/tscainventory/basic.html

TSCA and DfE Alternatives Assessments

Substances selected for evaluation in a DfE Alternatives Assessment generally fall under the TSCA regulations
and therefore must be listed on the TSCA inventory, or be exempt or excluded from reporting before being
manufactured in or imported to, or otherwise introduced in commerce in, the United States. For more
information see http://www.epa.gov/oppt/newchems/pubs/whofiles.htm.

To be as inclusive as possible, DfE Alternatives Assessments may consider substances that may not have
been reviewed under TSCA and therefore may not be listed on the TSCA inventory. DfE has worked with
stakeholders to identify and include chemicals that are of interest and likely to be functional alternatives,
regardless of their TSCA status. Chemical identities are gathered from the scientific literature and from
stakeholders and, for non-confidential substances, appropriate TSCA identities are provided.

Persons are advised that substances, including DfE identified functional alternatives, may not be introduced
into US commerce unless they are in compliance with TSCA. Introducing such substances without adhering to
the TSCA provisions may be a violation of applicable law. Those who are considering using a substance
discussed in this report should check with the manufacturer or importer about the substance’s TSCA status. If
you have questions about reportability of substances under TSCA, please contact the Industrial Chemistry
Branch at 202-564-8740.
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4.7 Hazard Summary Table
Table 4-4. Hazard Summary for HBCD and Alternatives

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, I/, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

This table contains hazard information for each chemical; evaluation of risk considers both hazard and exposure. Variations in end-of-life processes or degradation and combustion by-
products are discussed in the report but not addressed directly in the hazard profiles. The caveats listed below must be taken into account when interpreting the information in the table.

d This hazard designation would be assigned MODERATE for a potential for lung overloading if >5% of the particles are in the respirable range as a result of dust forming operations.
8§ Based on analogy to experimental data for a structurally similar compound.

¥ Aquatic toxicity: EPA/DTE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that
may partition to sediment and particulates.
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r 0, Br
Br
BI

! At this time, there are no standard test methods for respiratory sensitization and no test data; as a result there was no designation for this endpoint.
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4.8 Hazard Profiles

Hexabromocyclododecane (HBCD)

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, '/, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

This table contains hazard information for each chemical; evaluation of risk considers both hazard and exposure. Variations in end-of-life processes or degradation and combustion by-
products are discussed in the report but not addressed directly in the hazard profiles. The caveats listed below must be taken into account when interpreting the information in the table.

Agquatic Environmental

Human Health Effects Toxicity Fate

Acute Toxicity
Carcinogenicity
Genotoxicity
Reproductive
Developmental
Neurological
Repeated Dose
Skin Sensitization
Respiratory
Sensitization

Eye Irritation
Dermal Irritation
Acute

Chronic
Persistence
Bioaccumulation

Chemical CASRN

25637-99-4;
3194-55-6

VH | VH VH

,_
<
-
I
<
-
<
[
<
[
I

Hexabromocyclododecane (HBCD)
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Hexabromocyclododecane (HBCD)

Br Br CASRN: 25637-99-4; 3194-55-6
MW: 641.70
Br MF: ClelgBre
Physical Forms:
B Neat: Solid
Br r
Br Use: Flame retardant
Representative structure; substitution and stereochemistry not specified

SMILES: BrC1CC(CC(CC(CC(CC(C1)Br)Br)Br)Br)Br (for CASRN 25637-99-4); BrC(C(Br)CCC(Br)C(Br)CCC(Br)C(Br)C1)C1 (for CASRN 3194-55-6)

Synonyms: Cyclododecane, hexabromo- (CA Index Name for CASRN 25637-99-4); Cyclododecane, 1,2,5,6,9,10-hexabromo- (CA Index Name for CASRN 3194-
55-6); HBCD; HBCDD

Trade Names: BRE 5300 Pyroguard F 800; Bromkal 73-6CD; Pyroguard SR 103; CD 75; Pyroguard SR 103A; CD 75P; Pyrovatex 3887; FR 1206; Safron 5261; FR
1206HT; Saytex HBCD; HBCD-LM; Saytex HBCD-LM; HBCD-LMS; Saytex HBCD-SF; Myflam 11645; Saytex HP 900; Nicca Fi-None CG 1; SR 103; Nicca Fi-
None TS 1; SR 104; Nicca Fi-None TS 3; YM 88

Chemical Considerations: This is a discrete organic chemical with a MW <1,000. There are 16 possible hexabromocyclododecane (HBCD) isomers. CASRN
25637-99-4 is assigned to a non-specific mixture of all HBCD isomers and CASRN 3194-55-6 is assigned to the mixture of 1,2,5,6,9,10- HBCD isomers. There are
differences in the fate, the behavior in the environment and the potential for toxic effects for individual HBCD isomers; therefore, studies identifying specific isomers
are labeled in this assessment. Technical HBCD is predominantly comprised of three diastereomers (these are isomers that differ only in the three-dimensional
orientations of the bromine substituents), known as a-, - and y- HBCD. Additionally, EPI v 4.1 was used to estimate physical/chemical and environmental fate values
in the absence of experimental data. EPI-estimated values for HBCD are not isomer specific; the estimations were considered to be applicable to all isomers.
Measured values from experimental studies were incorporated into the estimations. The overall hazard designations in this profile were determined using a
conservative approach; each designation was based on the most hazardous material or value in the event that there were multiple adequate, high-quality measured
values reported.

On August 18, 2010, EPA released an action plan on this brominated flame retardant category, hexabromocyclododecane, which outlined the Agency concerns for
these chemicals and proposed risk management approaches to address those concerns, including a list of potential future regulatory actions
(http://www.epa.gov/oppt/existingchemicals/pubs/actionplans/hbcd.html). One such regulatory action has already been initiated. In the spring of 2012, EPA proposed
a Significant New Use Rule (SNUR) to enable EPA to review future use of HBCD in consumer textiles. If finalized, the rule will require that anyone intending to
manufacture, import, or process HBCD for use in consumer textiles to notify EPA. The notification would provide EPA with an opportunity to evaluate the health and
environmental effects of using HBCD in consumer textiles (www.regulations.gov/#!documentDetail;D=EPA-HQ-OPPT-2011-0489-0001). Other regulatory actions
are being considered.
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Polymeric: No
Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: Tetrabromocyclododecene, dibromocyclododecadiene and 1,5,9-cyclododecatriene by aerobic and
anaerobic degradation (ECHA, 2008).

Analog: No analogs Structure: Not applicable
Endpoint(s) using analog values: Not applicable

Structural Alerts: Cyclic halogenated hydrocarbons, neurotoxicity; halogenated aliphatic hydrocarbons, potential nephrotoxins (EPA, 2011)

Risk Phrases: R63 - Possible risk of harm to the unborn child; R64 - May cause harm to breastfed babies (NICNAS, 2012)

Hazard and Risk Assessments: A risk assessment was prepared for HBCD by the National Academy of Sciences National Research Council (NAS, 2000) and
European Communities (EINECS, 2008; SCHER, 2008a; SCHER, 2008b). A Screening Assessment was prepared by Environment Canada/Health Canada
(Environment Canada, 2011), the Australian National Industrial Chemicals Notification and Assessment Scheme (NICNAS, 2012) and an OECD Screening
Information Dataset Initial Assessment Profile (SIAP) was completed in 2007 (OECD, 2007). HBCD was also part of the Initial Risk-Based Prioritization of High
Production Volume Chemicals (HPV) (EPA, 2008).
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Hexabromocyclododecane (HBCD) CASRN 25637-99-4; 3194-55-6

PROPERTY/ENDPOINT

| DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

185-195 (Measured) NAS, 2000
172-184 to 201-205; 190 (average) EINECS, 2008
(Measured)

180-185 (Measured) NICNAS, 2012
175-195 (Measured) IUCLID, 2000

Similar values are consistently
reported in secondary sources.

Boiling Point (°C)

>190 (decomposes)
(Measured)

EINECS, 2008; NICNAS, 2012

Value reported in a secondary source.

Vapor Pressure (mm Hg)

4.7x107 at 21°C (Measured)

GLP Spinning Rotor Method/OECD TG
104 and EPA OPPTS 830.7952; reported
as 6.3x10" Pa

HBCD sample consisted of 8.5%, 6.0%
and 79.1% a-, B- and y-HBCD
respectively.

EINECS, 2008; NICNAS, 2012

The method used is not recommended
for substances with vapor pressures
<10 Pa (or 0.0008 mm Hg).
However, this value indicates a low
vapor pressure.

o-HBCD 7.9x10™"

B-HBCD 4.4x10™

y-HBCD 6.3x10™"

at 25 °C Gas saturation method
(Measured)

Kuramochi et al., 2010

The method used is not recommended
for substances with vapor pressures
outside of 7.5x10"°to 0.008 mm Hg.
This value indicates a low vapor
pressure.

Water Solubility (mg/L)

6.6x102at 20°C (Measured)
GLP Column Elution Method

o-HBCD: 4.8x10%
B-HBCD: 1.5x10%
y-HBCD: 2.1x10°

EINECS, 2008; NICNAS, 2012

Value reported in a secondary source.
The value reported is the sum of the
water solubility values for individual
diastereomers found in the technical
mixture.
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0.12 (Measured)
Solubility value of total HBCD

One isomer:

a-HBCD: 1.4x107
B-HBCD: 2.8x10°
y-HBCD: 1.5x10®

Mixture of isomers (technical product):
a-HBCD: 8.1x10”
B-HBCD: 3.3x10%
y-HBCD: 1.6x10°

Direct Coupled Column Linked
Chromatographic Technique

Kuramochi et al., 2007

The value reported is the sum of the
water solubility values for individual
diastereomers found in the technical
mixture.

0.008 (Measured) IUCLID, 2000 Value reported in a secondary source.

3.4x10%at 25°C (Measured) EINECS, 2008; NAS, 2000; The measurement was performed on

GLP Column Elution Method NICNAS, 2012 the technical product, which was not
100% pure. The value reported was
for a single diastereomer (y-HBCD)
in the mixture.

8.6x10?at 25°C (Measured: HSDB, 2011a Value reported in a secondary source;

CASRN 3194-55-6)

sufficient details were not available to
assess the quality of this study.

Log Kow

5.62 (Measured)
GLP Generator Column Method

EINECS, 2008; NICNAS, 2012

The measurement was performed on
the technical product, which was not
100% pure.
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One isomer:

o-HBCD: 5.8
B-HBCD: 5.8
v-HBCD: 6.3

Mixture of isomers (technical product):
a-HBCD: 5.7

B-HBCD: 6.1

v-HBCD: 6.3

Slow-stirrer method (Measured)

Kuramochi et al., 2007

Adequate non-guideline study.

5.81 (Measured) IUCLID, 2000 Value reported in a secondary source.
Flammability (Flash Point) Not flammable (Estimated) EINECS, 2008 Value reported in a secondary source.
Explosivity Not explosive (Estimated) EINECS, 2008 Value reported in a secondary source.
Pyrolysis Decomposition occurs between 240 and |Barontini et al., 2001; NICNAS, |Adequate non-guideline study.
270°C; study performed in a batch reactor|2012 Potential mechanisms for thermal
with inert and oxidizing atmospheres decomposition proposed.
Numerous products were identified by
gas chromatography/mass spectrometry
(GC/MS), proposed pyrolysis degradation
products were non-brominated structures
and brominated structures
pH Not applicable Professional judgment Does not contain functional groups
that are expected to ionize under
environmental conditions.
pK, Not applicable Professional judgment Dissociation is not expected; the

chemical does not contain ionizable
functional groups.
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HUMAN HEALTH EFFECTS

Toxicokinetics

HBCD is readily absorbed following oral administration in rodent studies and is distributed primarily to
lipid-rich tissues. Smaller amounts of HBCD have been detected in the lungs, kidneys, blood, and brain.
HBCD and its metabolites are eliminated from the body mainly in the feces (~30 -70%) and in urine (~16%6).
Dermal absorption is estimated to be 4% for fine particles and 2% for granular particles. The overall extent
of metabolism of technical-grade HBCD is unknown. Three polar metabolites have been detected following
exposure to y-HBCD. It has been demonstrated in monitoring studies with volunteers that HBCD may be
transferred across the placenta to the developing fetus and secreted in breast milk during lactation.

Dermal Absorption in vitro

No data located.

Absorption,
Distribution,
Metabolism &
Excretion

Oral, Dermal or
Inhaled

Rats (2 males, 8 females) administered a |EPA, 2005; NICNAS, 2012
single oral dose of 1.93 mg radiolabeled

HBCD eliminated 86% of the dose within
72 hours (70% in feces and 16% in urine)

Absorption is quick from the
gastrointestinal tract with a half-life of

2 hours (absorbed fraction not reported);
elimination is slower in adipose tissue as
opposed to non-adipose tissue

Reported in a secondary source.
Authors state that caution is urged in
interpreting the data due to the small
sample size and the brief nature of the
final report.

Four male Wistar rats orally administered |[EPA, 2005; NICNAS, 2012
500 mg/kg-day HBCD in olive oil for
5 days

Average daily rate of excretion in the
feces was 29-37% of the dose; the
cumulative excretion was constant at
32-35%; urinary excretion was not
observed; metabolites were not detected
in the urine or feces; HBCD was detected
only in adipose tissue (0.3-0.7 mg/g fat)

Reported in a secondary source.
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In rodents, HBCD is readily absorbed
through the gastrointestinal tract with
highest concentrations in adipose tissue
and muscle, followed by the liver; it has
been found in much lower concentrations
in the lungs, kidneys, blood and brain

Oral absorption estimated to be 50-100%;
accumulation of a-diastereomer is much
higher than other diastereomers

Overall extent of metabolism of
technical-grade HBCD is unknown;
v-HBCD is metabolized to form three
polar metabolites

EU risk assessment concluded 4% dermal
absorption for fine particles and 2% for
granular particles

ECHA, 2008

Reported in a secondary source with
limited study details.

Following continuous exposure (via
homes, offices and cars), HBCD was
detected in human adipose tissue and
blood

HBCD may be transferred across the
placenta and via breast milk; estimates of
uptake via breast milk range from 50 to
100%; intake of HBCD via breast milk is
1.5 ng/kg body weight/day for
0-3-month-old babies and 5.6 ng body
weight/day for 3-12-month-old babies

Marvin et al., 2011

Reported in a secondary source with
limited study details.
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Acute Mammalian Toxicity

inhalation LCs, >200 mg/L in rats.

LOW: Based on acute oral and dermal LD, values >2,000 mg/kg in rats and rabbits and an acute

Acute Lethality

Oral

Rat LDs, >10,000 mg/kg

EPA, 2005; NICNAS, 2012

Reported in a secondary source with
limited study details.

Rat LDs, >6,400 mg/kg

EINECS, 2008

Reported in a secondary source. Non-
guideline study. Dose and particle
size not reported; 7-day observation
period.

Dermal

Rabbit LDs, >8,000 mg/kg

EPA, 2005; NICNAS, 2012

Reported in a secondary source with
limited study details.

Rabbit LDs, >20,000 mg/kg

EINECS, 2008; NICNAS, 2012

Non-guideline study. Too few
animals were used; clinical signs not
reported.

Inhalation

Rat LCsq >200 mg/L

EPA, 2005; NICNAS, 2012

Reported in a secondary source with
limited study details.

Acute respiratory irritation test in Charles
River CD rats (5/sex) exposed (whole-
body) to 202 mg/L HBCD dust for

4 hours

Slight dyspnea, which did not persist into
the 14-day observation period; no deaths
occurred and there were no signs of
respiratory tract irritation

EINECS, 2008; NICNAS, 2012

Reported in a secondary source. Non-
guideline study. No autopsy was
performed. According to OECD
guidelines (436), starting
concentrations for dust should be
0.05-5 mg/L.

Carcinogenicity

MODERATE: Only one carcinogenicity study was located. In this mouse dietary study, there were
increases in tumor incidence compared to controls. This study is not adequate to determine a hazard
designation for the carcinogenicity endpoint due to high tumor incidence in control males. Carcinogenic
potential cannot be ruled out therefore an estimated Moderate hazard is designated.

OncoLogic Results

This compound is not amenable to
available estimation methods.
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Carcinogenicity (Rat  |Lifetime (18-month) dietary bioassay in |Kurokawa et al., 1984; EINECS, |Study not conducted according to
and Mouse) B6C3F1 mice (50/sex/dose) 2008; EPA, 2005; NICNAS, OECD guidelines; this study is not

Doses: 0, 100, 1,000 or 10,000 ppm for {2012 adequate to determine a hazard

18 months

No adverse effect on mortality, clinical
signs, body weight or food consumption

Gross lesions/nodules detected at
necropsy (hepatocyte swelling,
degeneration, necrosis, vacuole formation
and fatty infiltration) were not considered
dose-related;

Incidence of hepatocellular tumors were
reported in males: 14/50, 19/50, 27/50,
15/50 in the 0, 100, 1,000, and 10,000
ppm groups, respectively and in females:
0/50, 1/50, 1/50, 5/50 in the 0, 100, 1,000,
and 10,000 ppm groups, respectively.

The study author stated that there was no
correlation between dose and incidence of
hepatic tumors for both male and female
mice; the number of tumors in this study
were within the historical rates of
spontaneously induced tumors in control
animals in this strain of mice

designation for the carcinogenicity

endpoint.
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HBCD does not meet criteria (NOHSC,
2004) for classification as a carcinogen
(R45, R49, R40)

NICNAS, 2012

Reported in a secondary source.

Combined Chronic
Toxicity/
Carcinogenicity

No data located.

Genotoxicity

LOW: Based on negative results for gene mutations in bacterial cells, a lack of chromosomal aberrations in
human peripheral blood lymphocyte cells in vitro, and negative results in recombination and mouse

micronucleus tests.

Gene Mutation in vitro

Negative in Salmonella typhimurium
(strains not specified) in the presence and
absence of metabolic activation

EPA, 2005; NICNAS, 2012

Reported in a secondary source with
limited study details.

Gene Mutation in vivo

No data located.

Chromosomal
Aberrations in vitro

Negative, mammalian chromosomal
aberration test with human peripheral
blood lymphocytes in the presence and
absence of metabolic activation

Doses: 10, 19, 38, 75, 150, 300 and
600 pg/mL

EPA, 2005; NICNAS, 2012

Reported in a secondary source.
Guideline study. Performed according
to current EPA, OECD guidelines,
and GLP.

DNA Damage and
Repair

No data located.

Other in vitro

Positive, intragenic recombination test in
Sp5/V/79 and SPD8 hamster cells; cell
lines developed by study authors

Doses: 2-20 ug/mL

EPA, 2005; NICNAS, 2012

Reported in a secondary source. Non-
guideline study. Not a standard test
used by regulatory agencies to assess
genotoxicity. Reliability and
predictive ability is unknown.

Negative, mouse micronucleus test
Doses: 0, 500, 1,000 or 2,000 mg/kg in
dimethyl sulfoxide (DMSO)

EPA, 2005

Reported in a secondary source.
Guideline study. Performed according
to current EPA, OECD guidelines and
GLP.
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Reproduction/
Developmental Toxicity
Screen

Two-generation dietary (HBCD particles
in ground food) study in Crl:CD (SD) rats
(24/sex/group)

Doses: 0, 150, 1,500 or 15,000 ppm
Mean daily intake during entire
administration: 10.2, 101 and

1,008 mg/kg-day (Fo males); 14, 141 and
1,363 mg/kg-day (F, females); 11.4,

115 and 1,142 mg/kg-day (F; males); and
14.3, 138 and 1,363 mg/kg-day (F1
females)

Delayed eye opening and surface righting
reflex response (F; and F, pups) that
were not consistent over generations or
sexes (not considered dose-related)
Decreased number of primordial ovarian
follicles (30% at 1,500 and 15,000 ppm)
in F1 generation (control: 316.3 £ 119.5;
14.3 mg/kg-day: 294.2 + 66.3; 138
mg/kg-day: 197.9 £ 76.9).

No significant effects in copulation index,
gestation index, pre-coital interval,
number of implantations, delivery index
or number of pups delivered in either Fy
or F; animals

NOAEL = 14.3 mg/kg-day

LOAEL = 138 mg/kg-day (based on
reduced number of primordial ovarian
follicles in F; females)

Ema et al., 2008 (as cited in
EINECS, 2008; NICNAS, 2012)

Reported in a secondary source.
Guideline study. Performed according
to current EPA, OECD 416
guidelines and GLP. HBCD particles
were mixed with ground dry feed at
the reported concentrations;
bioavailability may be dependent on
particle size and dose. Study does not
consider litter effects; It is noted that
the number of primordial cells in
background control data was 189.5 —
353.4 (mean = 295.6) in 4 studies (10
females/study) in studies conducted
in 2005-2006. While the number of
primordial cells was variable within
these studies, the 30% treatment-
related decrease at the 138 mg/kg-day
dose level compared to controls in
this study, is a significant decrease; in
addition, the decrease at 198 mg/kg
dose suggests a dose-response.
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Combined Repeated
Dose with
Reproduction/

Screen

Developmental Toxicity

No data located.

Reproduction and
Fertility Effects

28-Day gavage study in Sprague-Dawley
rats (10/sex/group)

Doses: 0, 1, 2.5 and 5% (0, 940,

2,410 and 4,820 mg/kg-day)

Very slight change of numerical
development of the follicles and ripening
follicles in the ovaries (4,820 mg/kg);
normal differentiation in the testes and
epididymides with undisturbed
spermiohistogenesis (high-dose males)

No NOAEL/LOAEL reported

Zeller and Kirsch, 1969 (as cited
in EINECS, 2008; EPA, 2005;
NICNAS, 2012)

Unpublished laboratory report,
described in a secondary source. Non-
guideline study; EINECS (2008)
states that this study was not carried
out in accordance with present
standards.
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90-Day gavage study in Crl:CD(SD) IGS |Chengelis, 2001 (as cited in EPA, {Unpublished laboratory report,

rats (15/sex/group) 2005; NICNAS, 2012) described in a secondary source.

Doses: 0, 100, 300 and 1,000 mg/kg-day Guideline study. Performed according
to current EPA, OECD guidelines and

No changes to the estrus cycle or to GLP.

sperm motility/viability, morphology or

number

No treatment-related changes in weight or
microscopic effects in the reproductive
organs with the exception of an increase
in mean prostate weight (1,000 mg/kg-
day) on day 90; relative prostate weight
was also increased on day 90 compared
with controls; there were no statistically
significant differences in prostate weights
between the control and treated groups
following the recovery period (28 days
post exposure)

NOAEL = 1,000 mg/kg-day (highest dose
tested
LOAEL = Not established
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Developmental Effects

HIGH: Based on a LOAEL of 13.5 mg/kg-day (NOAEL = 0.9 mg/kg) in mice for reduced habituation,
decreased locomotion, and decreased rearing in neonatal male mice exposed to HBCD on postnatal day
(PND) 10. In addition, hearing appeared to be impaired at low frequency ranges following exposure to
HBCD at doses estimated to be as low as 0.2 mg/kg-day (BMDgs = 1.0 mg/kg-day) in adult rats exposed via
diet from pre-mating to after weaning. Other neurodevelopmental effects occurred at higher doses. Reduced
density of brain CNPase-positive oligodendrocytes was observed in a dietary study in rats exposed to HBCD
from gestation day (GD) 10 until postnatal day (PND) 20 at a dose >1,000 mg/kg-day. A LOAEL of 1504.8
mg/kg-day (time weighted average) was identified in this study for thyroid effects (increased thyroid weight
and decreased serum triiodothyronine [T3] concentrations).There is uncertainty in that these thyroid effects
may occur at doses between the identified NOAEL (146.3 mg/kg-day) and the identified LOAEL

(1504.8 mg/kg-day). Benchmark dose (BMD) modeling was conducted to predict at which dose these effects
could occur. A BMDL sp; of 73 mg/kg-day for decreased serum T3 levels was predicted, which falls within
the criteria for a Moderate hazard designation. A dose-dependent increase in F, pup mortality was also
observed at 15,000 ppm (1,363 mg/kg-day). Also, in a two-generation dietary study in rats, delayed eye
opening was observed in F; and F, pups; however, this effect was not consistent over generations or sexes
and was not considered to be dose-related. No developmental effects were observed in two other prenatal
exposure studies at oral doses > 500 mg/kg-day.

Reproduction/

Screen

Developmental Toxicity

Dietary study in pregnant Crj:CD rats;  |Saegusa et al., 2009
Doses: 0, 100, 1,000 or 10,000 ppm (O,
8.1-21.3, 80.7-212.9 or NOAEL values for maternal and
803.2-2,231.3 mg/kg-day) from gestation developmental toxicity and thus,
day (GD) 10 until postnatal day (PND) 20 hazard.

Time-weighted average (TWA) doses: 0,
14.8, 146.3 and 1,504.8 mg/kg-day

Lowest end of maternal exposure
range used to determine LOAEL and

TWA doses were calculated by
multiplying the HBCD intake
(mg/kg-day) by the number of
inclusive days of exposure for each
time point. The sum of each time
point for an individual dietary
concentration (100, 1,000 and

Maternal toxicity: increased relative
thyroid weights

Trend for an increase in the incidence of
thyroid follicular cell hypertrophy at
100 and 1,000 ppm (TWA dose 14.8 and 12,000 ppm) was divided by the total
146 mg/kg-day, respectively) in dams; number of inclusive days (33 days) of
statistically significant at 10,000 ppm exposure.
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(TWA dose 1,504.8 mg/kg-day) Saegusa et al., 2009 (continued)
Developmental toxicity: No
abnormalities in clinical observation in
offspring; increased relative liver weight;
weak hypothyroidism with increased
thyroid weight, increased incidence of
thyroid follicular cell hypertrophy,
increased thyroid stimulating hormone
[TSH] concentrations and decreased T3
concentrations at 10,000 ppm (TWA dose
1,504.8 mg/kg-day); reduced density of
CNPase-positive oligodendrocytes at
10,000 ppm (TWA dose 1,504.8 mg/kg-

day)

Increased thyroid weight and decreased
serum T3 concentrations when male
offspring reached adult stage at

1,000 ppm (TWA dose 146.3 mg/kg-day)

Maternal:

NOAEL = 1,000 ppm (146.3 mg/kg-day
LOAEL = 10,000 ppm (1504.8 mg/kg-
day, (based on increased incidence of
thyroid follicular cell hypertrophy)

Developmental:

NOAEL = 100 ppm (14.8 mg/kg-day)
LOAEL = 1,000 ppm (146.3 mg/kg-day,
based on thyroid effects)

BMDgp; = 119.68 mg/kg-day (based on
decreased serum T3 levels)

BMDLsp; = 73.53 mg/kg-day

Dosing administered from gestation
day (GD) 10 to postnatal day (PND)
20 = GDs 10-20: 0, 8.1, 80.7 and
803.2 mg/kg-day; PNDs 1-9: 0, 14.3,
138.7 and 1,404.8 mg/kg-day; PNDs
9-20: 0, 21.3,212.9and 2,231.3
mg/kg-day (described in study
report).

In an effort to predict at what dose
effects would occur, BMD modeling
was conducted on the datasets for
changes in serum T3 levels and for
changes in thyroid weight. The BMD
and BMDL for a change of 1 standard
deviation from the control for
decreased serum T3 levels were
predicted to be 119.68 and

73.53 mg/kg-day, respectively (see
Table 1 at end of profile).

The data for changes in thyroid
weight were determined not to be
suitable for BMD modeling (Table 2).

It is not clear if effects on brain
CNPase-positive oligodendrocytes
are predictive for functional effects.

Thyroid weights were not recorded
on PND 20. There is generally a
typically high variance in TSH levels;
changes in point measurements of
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Saegusa et al., 2009 (continued)

thyroid hormone are more indicative
of altered thyroid function when
observed with changes in thyroid
weight and histopathology.
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Two-generation dietary study in Ema et al., 2008 (as cited in Reported in a secondary source.
Crl:CD(SD) rats (24/sex/group) EINECS, 2008; NICNAS, 2012) |Guideline study. Performed according
Doses: 0, 150, 1,500 or 15,000 ppm to current EPA, OECD guidelines and
(10-14, 101-141 or 1,008-1,363 mg/kg- GLP. HBCD particles were mixed
day) with ground dry feed at the reported
Mean daily intake during entire concentrations. Bioavailability may
administration: 10.2, 101 and be dependent on particle size and
1,008 mg/kg-day (Fo males); 14, 141 and dose. Study does not consider litter
1,363 mg/kg-day (F, females); 11.4, effects.

115 and 1,142 mg/kg-day (F; males); and
14.3, 138 and 1,363 mg/kg-day (F1
females)

No effect on spontaneous locomotor
activity (10 min intervals for a total of 60
min; F; pups). No difference between
controls and treated F, rats on day 1 of
the T-maze test. On day 3 of T-maze,
males performed better than controls
(shorter elapsed time at 1,500 and 15,000
ppm with fewer errors at 15,000 ppm),
but no difference between controls and
females. Delayed eye opening and surface
righting reflex response (F; and F, pups)
that was not consistent over generations
or sexes (not considered dose-related);
dose-dependent pup mortality during
lactation (F,, 35% at 15,000 ppm)

NOAEL = 138 mg/kg-day

LOAEL = 1,363 mg/kg-day (based on
increased pup mortality during lactation
in offspring from F; dams)
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Wistar rats were exposed via the diet
before conception, through mating,
gestation, lactation and after weaning
Doses: 0,0.1,0.3,1, 3,10, 30 and
100 mg/kg-day

There were no treatment-related changes
in number of implantations, litter size,
and sex ratio compared to controls
Effects on lower frequency range in 140-
day old male offspring; no progressive
delays in peak latencies were detected in
later waves of the brainstem auditory
evoked potentials (BAEP), suggesting a
cochlear origin of hearing impairment.

Decreased latencies to movement onset
were reported in all three situations (bar,
grid, box) used to measure haloperidol-
induced cataleptic behavior in 110-day
old female rats in the 30 and 100 mg/kg-
day dose groups at testing times 30 and
60 minutes. The BMD and BMDL for the
sum of latencies in female rats were 15.6
and 3.7 mg/kg-day, respectively. Male
rats exhibited a significant latency only
for foreleg retraction on the box at the 60
minute test time (BMD and BMDL =
10.8 and 3.0 mg/kg-day, respectively)

BMD05 =1.0
BMDL s = 0.2 mg/kg-day (based on
hearing impairment)

Lilienthal et al., 2006, 2009 (as
cited in EINECS, 2008;
NICNAS, 2012)

Guideline study. Conducted
according to current EPA, OECD
Guideline 415. BMD doses were
calculated by the authors using a
biologically relevant benchmark
response of 5% deviation change
from control; Rats were tested at 110
and 140 days old for the cataleptic
and hearing impairment tests,
respectively. It is difficult to
determine, however, if the effect is
due to developmental exposure to
HBCD, a result of repeated-dose
exposure, or a combination of the
two. Due to this uncertainty, this
study was not used to determine the
hazard designation; however, the
results of this study suggest that there
is potential concern for neurotoxic
effects.
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Combined Repeated No data located.
Dose with

Reproduction/
Developmental Toxicity
Screen

Prenatal Development

Gavage study in pregnant
Crl:CD(SD)IGS Br rats (25/group)
Dose: 0, 250, 500 or 1,000 mg/kg-day
from gestation days (GDs) 6 to 19

No maternal mortality or treatment-
related effects on clinical signs, body
weight gain or food consumption

No effects on intrauterine growth/
survival; no treatment-related fetal
malformations or developmental
variations.

NOAEL (maternal/developmental):
1,000 mg/kg-day (highest dose tested)
LOAEL = Not established

Stump, 1999 (as cited in
EINECS, 2008; EPA, 2005;
NICNAS, 2012)

Unpublished laboratory report,
described in a secondary source.
Guideline study. Performed according
to current EPA, OECD guidelines and
GLP. There were no effects at the
highest dose tested; a LOAEL was
not identified.
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Dietary study in pregnant rats Murai et al., 1985 (as cited in Reported in secondary sources. EPA
Doses: 0, 0.01, 0.1 or 1% HBCD on EPA, 2005; NICNAS, 2012) (2005) refers to KEMI, who deemed
gestation days (GDs) 0-20; authors this study to be insufficient. There
estimate doses in the feed were equivalent were no effects at the highest dose
to 0, 5, 50 or 500 mg HBCD/kg body tested; a LOAEL was not identified.
weight-day
Same study described in EINECS
No effects on maternal weight gain or (2008) with variations on calculated
food consumption and no gross doses:
appearance of internal organs Doses equivalent to: 0, 7.5, 75 and
750 mg/kg-day (based on assumption
No adverse effects on corpora lutea, that animals mean weight is 200 g
implants, resorptions, live fetuses, sex and food consumption is 15 g/day)
ratio or body or placental weight and no NOAEL (fetal) = 750 mg/kg-day
fetal deaths; no external, skeletal or NOAEL (maternal) = 75 mg/kg-day
visceral malformations were detected; a based on 13% liver weight increase at
few skeletal variations were present, but the high dose.

were of similar type noted in controls and
not considered statistically significant

Normal development in neonates carried
through to 6 weeks of age

NOAEL = 1% (500 mg/kg-day, highest
dose tested)
LOAEL = Not established
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Postnhatal Development

Gavage study in neonatal male NMRI
mice (8-10/group)

Doses: 0.9 or 13.5 mg/kg dissolved in a
mixture of egg lecithin and peanut oil on
PND 10

Reduced habituation with initial
hypoactivity followed by hyperactivity in
a novel environment; decreased
locomotion and rearing during first

20 minutes with no effects in later
measurements

NOAEL = 0.9 mg/kg

LOAEL = 13.5 mg/kg (based on reduced
habituation, decreased locomotion, and
rearing)

Eriksson et al., 2006 (as cited in
EINECS, 2008; NICNAS, 2012)

Reported in a secondary source. Non-
guideline study. Study used too few
dose groups and the behavioral
alterations were induced at doses that
did not produce clinical signs or
affect weight gain. Though the
Eriksson et al., 2006 study was a non-
guideline study, it was adequate to
use for assessing neurodevelopmental
effects; exposure occurred during the
peak period of rapid brain growth and
the methodology was validated with
known neurotoxic agents in previous
studies.

Effects due to litter size were not
taken into consideration.
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Neurotoxicity

MODERATE: Estimated to have potential for neurotoxicity based on structural alert for cyclic halogenated
aliphatic hydrocarbons and professional judgment. No adverse effects were noted in functional observation
battery (FOB) and motor activity tests at doses <1,000 mg/kg-day (highest dose tested) in adult animals. In
another study, hearing appeared to be impaired at low frequency ranges following exposure to HBCD at
doses estimated to be as low as 0.2 mg/kg-day in adult rats exposed from pre-mating to after weaning;
uncertainty exists as to whether the effects were a result of gestational/developmental exposure or repeated
dose exposure to HBCD therefore it does not influence the adult neurotoxicity hazard designation.

Neurotoxicity Screening
Battery

Potential for producing neurotoxicity
(Estimated)

EPA, 2011

Estimated based on structural alert for
cyclic halogenated aliphatic
hydrocarbons.

90-Day gavage study in
Crl:CDC(SD)IGS rats (15/sex/group)
Doses: 0, 100, 300 and 1,000 mg/kg-day
at a dosage volume of 5 mL/kg in corn
oil; test article was a composite of three
lots of commercial HBCD

No adverse results in functional
observation battery and motor activity
tests

NOAEL = 1,000 mg/kg-day (highest dose
tested)
LOAEL = Not established

Chengelis, 2001 (as cited in EPA,
2005; NICNAS, 2012)

Reported in a secondary source.
Guideline study performed according
to current EPA, OECD guidelines and
GLP.

In vitro plasma membrane uptake study in
removed brains of male Wister rats
Doses: 2-20 puM

Inhibition of neurotransmitter uptake into
synaptosomes, dopamine uptake into
synaptic vesicles and glutamate uptake at

low concentrations

Mariussen and Fonnum, 2003 (as
cited in EINECS, 2008;
NICNAS, 2012)

Study reported in a secondary source.
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Neurodevelopmental

Wistar rats were exposed via the diet
before conception, through mating,
gestation, lactation and after weaning
Doses: 0,0.1,0.3,1, 3,10, 30 and
100 mg/kg-day

There were no treatment-related changes
in number of implantations, litter size,
and sex ratio compared to controls
Effects on lower frequency range in 140-
day old male offspring; no progressive
delays in peak latencies were detected in
later waves of the brainstem auditory
evoked potentials (BAEP), indicating a
cochlear origin of hearing impairment.

Decreased latencies to movement onset
was reported in all three situations (bar,
grid, box) used to measure haloperidol-
induced cataleptic behavior in 110-day
old female rats in the 30 and 100 mg/kg-
day dose groups at testing times 30 and
60 minutes. The BMD and BMDL for the
sum of latencies in female rats were 15.6
and 3.7 mg/kg-day, respectively. Male
rats exhibited a significant latency only
for foreleg retraction on the box at the 60
minute test time (BMD and BMDL =
10.8 and 3.0 mg/kg-day, respectively)

BMD05 =1.0
BMDL s = 0.2 mg/kg-day (based on
hearing impairment)

Lilienthal et al., 2006, 2009 (as
cited in EINECS, 2008;
NICNAS, 2012)

Guideline study. Conducted
according to current EPA, OECD
Guideline 415. BMD doses were
calculated by the authors using a
biologically relevant benchmark
response of 5% deviation change
from control.

Rats were tested at 110 and 140 days
old for the cataleptic and hearing
impairment tests, respectively. It is
difficult to determine, however, if the
effect is due to developmental
exposure to HBCD, a result of
repeated-dose exposure, or a
combination of the two. Due to this
uncertainty, this study was not used
to determine the hazard designation;
however, the results of this study
suggest that there is potential for
neurotoxic effects.
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Potential for producing nephrotoxicity — |EPA, 2011 Estimated based on a structural alert
(Estimated) for halogenated aliphatic
hydrocarbons.
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Two-generation dietary study in
Crl:CD(SD) rats (24/sex/group)

Doses: 0, 150, 1,500 or 15,000 ppm

(0, 10-14, 101-141 or 1,008-1,363 mg/kg-
day)

Mean daily intake during entire
administration: 10.2, 101 and

1,008 mg/kg-day (Fo males); 14, 141 and
1,363 mg/kg-day (F, females); 11.4,

115 and 1,142 mg/kg-day (F; males); and
14.3, 138 and 1,363 mg/kg-day (F1
females)

Increased serum TSH (F, females at

150 ppm and F; females at 15,000 ppm);
decreased serum follicle stimulating
hormone (FSH) levels in Fy males and
increased in F, females at 15,000 ppm;
increased dihydrotestosterone (DHT) in
F, males (15,000 ppm); increased
incidence of decreased size of thyroid
follicular cells in Fy females (1,500 ppm)

No significant differences in serum
testosterone, estradiol, progesterone or
luteinizing hormone (LH) levels

Authors concluded that the effect on TSH
levels is consistent through dose groups
and generations, and is considered an
effect of HBCD-exposure

NOAEL = Not established

LOAEL = 150 ppm (14 mg/kg-day, based
on increased TSH levels in F, females;
lowest dose tested)

Ema et al., 2008 (as cited in
EINECS, 2008; NICNAS, 2012)

Reported in a secondary source.
Guideline study. Performed according
to current EPA, OECD guidelines and
GLP. HBCD particles were mixed
with ground dry feed at the reported
concentrations; bioavailability may
be dependent on particle size and
dose. Study does not consider litter
effects.

Uncertainty exists concerning the
extrapolation of the biological
significance of thyroid effects
between rodents and humans. There
is uncertainty as to where effects may
occur as this effect occurred at the
lowest dose tested. It is possible that
this effect could occur at a dose

<10 mg/kg-day.
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Dietary study in pregnant Crj:CD rats; Saegusa et al., 2009
Doses: 0, 100, 1,000 or 10,000 ppm (0,
8.1-21.3,80.7-212.9 or

803.2-2,231.3 mg/kg-day) from gestation
day (GD) 10 until postnatal day (PND)
20.

Time weighted average (TWA) doses: 0,
14.8, 146.3 or 1,504.8 mg/kg-day

Dams: increased relative thyroid
weights; trend for an increase in the
incidence of thyroid follicular cell
hypertrophy at 100 and 1,000 ppm (TWA
dose 14.8 and 146 mg/kg-day,
respectively); statistically significant at
10,000 ppm (TWA dose 1,504.8 mg/kg-

day)

NOAEL =100 ppm (14.8 mg/kg-day)
LOAEL = 1,000 ppm (146.3 mg/kg-day,
based on increased incidence of thyroid
follicular cell hypertrophy)

Lowest end of maternal exposure
range used to determine LOAEL and
NOAEL values for repeated-dose
toxicity and thus, hazard.

Time weighted average (TWA) doses
were calculated by multiplying the
HBCD intake (mg/kg-day) by the
number of inclusive days of exposure
for each time point. The sum of each
time point for an individual dietary
concentration (100, 1,000 and

12,000 ppm) was divided by the total
number of inclusive days (33 days) of
exposure.

Dosing administered from gestation
day (GD) 10 to postnatal day (PND)
20 = GDs 10-20: 0, 8.1, 80.7 and
803.2 mg/kg-day; PNDs 1-9: 0, 14.3,
138.7 and 1,404.8 mg/kg-day; PNDs
9-20: 0, 21.3,212.9and 2,231.3
mg/kg-day (described in study
report).
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90-Day gavage study in Crl:CD (SD)IGS
rats (15/sex/group)

Doses: 0, 100, 300 and 1,000 mg/kg-day
at a dosage volume of 5 mL/kg in corn
oil; test article was a composite of three
lots of commercial HBCD

Increase in liver weight (100 mg/kg-day)
with mild histopathological findings
(minimal hepatocellular vacuolation,
minimal to mild hepatocellular
hypertrophy). Minimal thyroid follicular
cell hypertrophy (1,000 mg/kg-day); it is
not apparent if these changes were related
to treatment (authors state that changes
may have been a related to reduced serum
thyroxine [T4] levels, which is a normal
physiological response of healthy
organisms acting to maintain serum T4
levels in the normal range)

No clinical signs of toxicity and no
adverse effects on survival, food
consumption, body weight or
hematological parameters; no article-
related ocular lesions; no adverse results
in functional observation battery and
motor activity tests; no changes to the
estrus cycle or to sperm motility/viability,
morphology or number; no gross lesions

NOAEL = Not established

LOAEL = 100 mg/kg-day (based on
increased liver weight in conjunction with
histopathological findings; lowest dose
tested)

Chengelis, 2001 (as cited in EPA,
2005; NICNAS, 2012)

Reported in a secondary source.
Guideline study. Performed according
to current EPA, OECD guidelines and
GLP.

Commercial mixture composed of o
isomer (6.3%), B isomer (9.1%) and y
isomer (76.9%).

Study authors state that all test
article-related changes were mild,
reversible and generally secondary to
hepatic enzyme induction (which is
an adaptive not a toxic change) and
without effect on the clinical
condition of the animals or associated
with specific target organ damage or
diminished function; however,
changes in liver weight in
conjunction with histopathological
can be considered an adverse effect.
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28-Day gavage study in Sprague-Dawley |Zeller and Kirsch, 1969 (as cited |Non-guideline study; limited study
rats (10/sex/group) in EPA, 2005; NICNAS, 2012) |details reported in a secondary

Doses: 0, 1, 2.5 and 5% (0, 940,
2,410 and 4,820 mg/kg-day)

Increased absolute and relative liver
weights at all dose levels when compared
to the control, but no microscopic
pathology detected.

Thyroid microfollicular hyperplasia and
increased activity of the thyroid
epithelium were reported at 1%

(940 mg/kg-day); these effects were more
marked at 2.5% (2,410 mg/kg-day) and
very marked hyperplastic thyroid tissue
with adenomatous proliferation and
thyroid epithelial hyperactivity was
reported at 5% (4,820 mg/kg-day); not
specified if these effects occurred in the
control group; very slight numerical
development of the follicles and ripening
follicles in the ovaries (4,820 mg/kg-day)

Effects on the thyroid were attributed to
hypermetabolism as a result of increased
thyroid activity, and effects were not
pathologic according to the study authors

No clinical signs related to treatment or
changes in any other organ; no change in
clinical chemistry parameters

Effects on the liver and thyroid were

source.

The author’s determination of the
thyroid effects being non-pathologic
in nature is based on the study
author’s judgment.
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attributed to hyperactivity and Zeller and Kirsch, 1969 (as cited
hypermetabolism, respectively, and were |in EPA, 2005; NICNAS, 2012)
not pathologic according to the study (continued)

authors

NOAEL = Not established
LOAEL = 1% (940 mg/kg-day, based on
increased liver weights; lowest dose

Doses: 0, 0.16, 0.32, 0.64 and 1.28%
(0, 120, 240, 470 and 950 mg/-day)

Increased incidence of hepatic lipoid
phanerosis (fatty accumulation) in the
liver was observed at all doses in a dose-
dependent manner; however, there were
no changes in liver clinical chemistry and
no detectable histological changes; study
authors noted that these effects were
transient effects and attributed to
increased activity in the liver

No adverse clinical signs, changes in
body weight or clinical chemistry
parameters; no histological changes in
any organ (other than the liver)

NOAEL = 950 mg/kg-day (highest dose
tested)
LOAEL = Not established

tested)
90-Day dietary study in Sprague-Dawley |Zeller and Kirsch, 1970 (as cited |Unpublished laboratory report
rats (20/sex/group) in EPA, 2005; NICNAS, 2012) |described in secondary sources.

Guideline study. Was not conducted
according to OECD guidelines. It is
not specified where statistical
significance for the increased
incidence of liver effects occurs.
Based on the limited observations
reported, the NOAEL is determined
(with low confidence) to be the
highest dose tested (950 mg/kg-day).
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28-Day gavage study in Sprague-Dawley [Chengelis, 1997 (as cited in EPA, |[Reported in a secondary source.
rats (12 rats [6 of each sex] in the 125 and|2005; NICNAS, 2012) Guideline study. Performed according
350 mg/kg-day dose groups; 24 rats to current EPA, OECD guidelines and
[12 of each sex] in the 1,000 mg/kg-day GLP.

dose group)

Doses: 0, 125, 350 or 1,000 mg/kg-day;
at conclusion of the study 6 rats/sex in
control and 1,000 mg/kg-day groups were
sacrificed and necropsied while the
remaining animals had a 14 day recovery
period.

Increased absolute liver weight

(1,000 mg/kg-day in males, 350 and
1,000 mg/kg-day in females); increased
relative liver weight at 28-day sacrifice
(350 and 1,000 mg/kg-day in males, all
doses in females)

Effects on the liver were reversible by the
end of the recovery period; authors
consider this effect to be an adaptive
rather than toxic response due to the lack
of related histopathologic or serum
chemistry changes

No clinical signs of toxicity and no
adverse effects on survival, food
consumption, body weight or
hematological/serum chemistry values;
no gross or microscopic lesions that could
be attributed to the test article; no adverse
results in functional observation battery
or motor activity tests

NOAEL = 1,000 mg/kg-day (highest dose

tested) 4-65
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Lifetime (18-month) dietary bioassay in
B6C3F1 mice (50/sex/dose)

Doses: 0, 100, 1,000 or 10,000 ppm (0,
13, 130 or 1,300 mg/kg-day for

18 months

No adverse effect on mortality, clinical
signs, body weight or food consumption

Gross lesions/nodules were observed at
necropsy (hepatocyte swelling,
degeneration, necrosis, vacuole formation
and fatty infiltration); however, effects
were not dose-related

Tumors were sporadic in incidence and
not related to test article

NOAEL = 1,300 mg/kg-day
(10,000 ppm; highest dose tested)
LOAEL = Not established

Kurokawa et al., 1984 (as cited in
EINECS, 2008; EPA, 2005;
NICNAS, 2012)

Reported in a secondary source.
Study was not conducted according to
OECD guidelines.

Skin Sensitization

LOW: Based on negative results for ski

n sensitization in human volunteers and guinea pigs.

Skin Sensitization

Negative, patch test with 10% HBCD in
volunteers

EPA, 2005

Reported in a secondary source.
Guideline study.

Negative, guinea pigs

EPA, 2005; NICNAS, 2012

Reported in a secondary source.
Guideline study. Performed according
to current EPA, OECD guidelines and
GLP.

Negative, mice:
Local lymph node assay with 2, 20 or
50% w/v HBCD in DMF

EPA, 2005; NICNAS, 2012

Reported in a secondary source.
Guideline study. Performed according
to current EPA, OECD guidelines and
GLP.
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Positive, guinea pigs EINECS, 2008; EPA, 2005; Reported in a secondary source.
Intra-dermal injection and topical NICNAS, 2012 Results are questionable; impurities

application

unknown). In addition, the study was
an intra-dermal injection study and
acetone was used as the vehicle in the
dermal challenge phase of the tests,
which promotes penetration on
shaved skin.

Respiratory Sensitization

No data located.

Respiratory
Sensitization

No data located.

Eye Irritation

VERY LOW: HBCD is not an eye irritant in rabbits.

Eye Irritation

Non-irritant, rabbits EPA, 2005; NICNAS, 2012

Reported in a secondary source with
limited study details.

Dermal Irritation

VERY LOW: HBCD is not a dermal irritant in rabbits or guinea pigs.

Dermal Irritation

Non-irritant, rabbits EPA, 2005; NICNAS, 2012 Reported in a secondary source with
limited study details.
Non-irritant, guinea pigs EINECS, 2008 Reported in a secondary source.

Guideline study performed according
to current EPA, OECD guidelines and
GLP.
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Endocrine Activity In vivo: Thyroid effects were noted following repeated HBCD in vivo exposure in rats. Increased TSH levels
were reported in F, females (14 mg/kg-day) and F, females (1,363 mg/kg-day) exposed to HBCD in a two-
generation dietary study. In addition, increased size of thyroid follicular cells in Fo females (141 mg/kg-day),
decreased serum FSH levels in Fy males, increased FSH levels in F, females and increased DHT in F; males
were reported at the highest dose tested (1,008-1,363 mg/kg-day). Increased relative thyroid weights and
increased incidence of thyroid follicular cell hypertrophy were reported in dams exposed on gestation day
(GD) 10 until postnatal day (PND) 20 at a dose of 1,504.8 mg/kg-day in a dietary study in rats. Offspring
developed weak hypothyroidism with increased thyroid weight, increased incidence of thyroid follicular cell
hypertrophy, increased FSH levels and decreased T3 concentrations at 1,504.8 mg/kg-day. In this same
study, increased thyroid weight and decreased serum T3 concentrations were reported in adult stage male
offspring at 146.3 mg/kg-day. Thyroid microfollicular hyperplasia and increased activity of the thyroid
epithelium were reported at a dose of 940 mg/kg-day in rats following gavage exposure for 28 days. These
effects were attributed to hypermetabolism based on increased thyroid activity, and no pathological findings
were noted. Minimal thyroid follicular cell hypertrophy was reported at 1,000 mg/kg-day following a 90-day
gavage study in rats. In fish, disruption of thyroid axis (lower circular FT4 and higher FT3; increase in
thyroid epithelial cell height) was evident in y-HBCD-exposed Oncorhynchus mykiss. Fish fed a a-HBCD-
enriched diet exhibited altered glucuronyltransferase activity and thyroid epithelial cell heights, and fish fed
B-HBCD had altered FT4 and FT3 and glucuronyltransferase activity. In contrast, limited potential for
endocrine disruption of the thyroid hormonal system was noted in Platichthys flesus (flounder) exposed to a
technical mixture of HBCD (a-, #- and y-diastereomers) in sediment and food for 78 days. HBCD alone or in
combination with T3 facilitated very fast tail tip regression in tadpoles in an ex vivo study.

In vitro: HBCD exhibited antiandrogenic, antiprogesteronic and T3-potentiating properties, and a low
binding of thyroxine to transthyretin (TTR) in rat pituitary cells and rat pituitary tumor GH3 cells,
activated thyroid receptor in the presence of T3 in human cervical carcinoma cells, and is a pregnane X
receptor (PXR) agonist in rat and human hepatoma cells. In addition, y-HBCD is a moderate androgen
receptor (AR) and progesterone receptor (PR) antagonist in rat pituitary tumor GH3 cells, while there was
no antagonistic activation detected for aryl hydrocarbon receptor (AhR) and estrogen receptor (ER).
a-HBCD and y-HBCD showed T3-enhanced activity in the T-screen assay, and there was no inhibition of
estradiol (E2) sulfotransferate in rat pituitary tumor GH3 cells. Xenobiotic-metabolizing enzymes and genes
associated with the TH pathway and lipid regulation were noted to be sensitive to HBCD in an in vitro study
in chicken hepatocytes.
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Representative in vivo studies

28-Day gavage study in Sprague-Dawley |Zeller and Kirsch, 1969 (as cited |Reported in a secondary source.

rats (10/sex/group) in EPA, 2005) Guideline study. Performed according
Doses: 0, 1, 2.5 and 5% (0, 940, to current EPA, OECD guidelines and
2,410 and 4,820 mg/kg--day) GLP.

Thyroid microfollicular hyperplasia and
increased activity of the thyroid
epithelium were reported at 1%

(940 mg/kg-day); these effects were more
marked at 2.5 % (2,410 mg/kg-day), and
very marked hyperplastic thyroid tissue
with adenomatous proliferation and
epithelial hyperactivity was reported at
5% (4,820 mg/kg-day); it is not specified
if these effects occurred in the control
group

Very slight numerical development of the
follicles and ripening follicles in the
ovaries (4,820 mg/kg-day)

Effects on the thyroid were attributed to
hypermetabolism as a result of increased
thyroid activity, and effects were not
pathologic according to the study authors

No clinical signs related to treatment or
changes in any other organ; no change in
clinical chemistry parameters
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90-Day gavage study in Chengelis, 2001 (as cited in EPA, |Reported in a secondary source.
Crl:CDC(SD)IGS rats (15/sex/group) 2005) Guideline study. Performed according
Doses: 0, 100, 300 and 1,000 mg/kg-day to current EPA, OECD guidelines and
at a dosage volume of 5 mL/kg in corn GLP.

oil; test article was a composite of three
lots of commercial HBCD

Minimal thyroid follicular cell
hypertrophy (1,000 mg/kg-day); it is not
apparent if these changes were related to
treatment (authors state that changes may
have been a related to reduced serum T4
levels, which is a normal physiological
response of healthy organisms acting to
maintain serum T4 levels in the normal
range)

No adverse changes to the estrus cycle or
to sperm motility/viability, morphology
or number
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Two-generation dietary study in Ema et al., 2008 (as cited in Reported in a secondary source.
Crl:CD(SD) rats (24/sex/group) EINECS, 2008; NICNAS, 2012) |Guideline study. Performed according
Doses: 0, 150, 1,500 or 15,000 ppm to current EPA, OECD guidelines and
(10-14, 101-141 or 1,008-1,363 mg/kg- GLP.
day)

Mean daily intake during entire
administration: 10.2, 101 and

1,008 mg/kg-day (Fo males); 14, 141 and
1,363 mg/kg-day (F, females); 11.4,

115 and 1,142 mg/kg-day (F1 males); and
14.3, 138 and 1,363 mg/kg-day (F1
females)

Increased TSH (FO females at >150 ppm
and g; females at >15,000 ppm);
decreased serum FSH levels in Fy males
and increased in F, females at

15,000 ppm; increased DHT in F; males
(15,000 ppm); increased incidence of
decreased size of thyroid follicular cells
in Fo females (1,500 ppm)

No significant differences in serum
testosterone, estradiol, progesterone or
LH levels

Authors conclude that the effect on TSH
levels is consistent through dose groups
and generations, and is considered an
effect of HBCD exposure
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Dietary study in pregnant Crj:CD rats; Saegusa et al., 2009
Doses: 0, 100, 1,000 or 10,000 ppm (0,
8.1-21.3,80.7-212.9 or

803.2-2,231.3 mg/kg-day) from gestation
day (GD) 10 until postnatal day (PND)
20.

Time weighted average (TWA) doses: 0,
14.8, 146.3 or 1,504.8 mg/kg-day

Dams: increased relative thyroid
weights; tendency for increase in the
incidence of thyroid follicular cell
hypertrophy at 100 and 1,000 ppm (TWA
dose 14.8 and 146 mg/kg-day,
respectively); statistically significant at
10,000 ppm (TWA dose 1,504.8 mg/kg-

day)

Offspring: weak hypothyroidism with
increased thyroid weight, increased
incidence of thyroid follicular cell
hypertrophy, increased TSH
concentrations and decreased T3
concentrations at 10,000 ppm

(1,504.8 mg/kg-day); increased thyroid
weight and decreased serum T3
concentrations when offspring reached
adult stage at 1,000 ppm (146.3 mg/kg-

day)

Lowest end of maternal exposure
range used to determine LOAEL and
NOAEL values for maternal and
developmental toxicity and thus,
hazard. Study does not consider litter
effects.

Time weighted average (TWA) doses
were calculated by multiplying the
HBCD intake (mg/kg-day) by the
number of inclusive days of exposure
for each time point. The sum of each
time point for an individual dietary
concentration (100, 1,000 and

12,000 ppm) was divided by the total
number of inclusive days (33 days) of
exposure.

Dosing administered from gestation
day (GD) 10 to postnatal day (PND)
20 = GDs 10-20: 0, 8.1, 80.7 and
803.2 mg/kg-day; PNDs 1-9: 0, 14.3,
138.7 and 1,404.8 mg/kg-day; PNDs
9-20: 0, 21.3,212.9and 2,231.3
mg/kg-day (described in study
report).
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In vivo study in Platichthys flesus Kupier et al., 2007 (as cited in Reported in a secondary source.
(flounder) exposed to HBCD in sediment |[EINECS, 2008) Guideline study. Performed according
and food for 78 days; test substance was a to current EPA, OECD guidelines and
technical mixture of 10.28, 8.72 and GLP.

81.01% of a-, B- and y-diastereomers,
respectively; maximum concentration
was 446 ug HBCD/g lipid weight (1w)

No adverse effects on behavior. No
histopathological changes in internal
organs including liver, spleen, kidney,
gonads and thyroid gland related to
HBCD exposure

Limited potential for in vivo endocrine
disruption of the reproductive and thyroid
hormonal system
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Dietary study in Oncorhynchus mykiss, |Palace et al., 2008
fed either reference diet or three diets
enriched with a-, B- or y-HBCD for
56 days

Test concentrations were 0.47 and
0.84 ng/g (a- and y-HBCD, respectively)

Disruption of thyroid axis most evident in
v-HBCD-exposed group (lower circular
FT4 and higher FT3; increase in thyroid
epithelial cell height)

Fish fed the a-HBCD-enriched diet also
exhibited altered glucuronyltransferase
activity and thyroid epithelial cell heights
and the B-HBCD group had altered FT4
and FT3 and glucuronyltransferase
activity

Guideline study. The B-isomer was
below the detection limit.
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Representative ex vivo studies
Ex vivo thyroid hormone disruptive study [Schriks et al., 2006 (as cited in  |Reported in a secondary source. Non-

in Xenopus laevis tadpoles EINECS, 2008) guideline study. Not validated

Doses: 1,000 or 10,000 nM HBCD alone according to OECD guidelines and no
or 20 nM T3 in combination with 10, 100, results from metabolic activation
1,000 or 10,000 nM HBCD reported.

Very fast tail tip regression at 1,000 nM
HBCD alone or in combination with T3
during the first 2 days of exposure; no
further regression during the rest of the
exposure period; no effect on tail
regression at doses <1,000 nM

Authors conclude that regression was due
to cytotoxic activity

4-75




Hexabromocyclododecane (HBCD) CASRN 25637-99-4; 3194-55-6

PROPERTY/ENDPOINT

DATA REFERENCE

DATA QUALITY

Representative in vitro studies

In vitro study using rat pituitary cellsto [Hamers et al., 2006 (as cited in
test potential effects of HBCD as an EINECS, 2008)
endocrine disruptor

Doses (test for T3 potentiating effect):
10-12.5 pM (maximum concentration) for
24 hours in the presence or absence of a
reference agonist.

Doses (test for potency at act as a thyroid
hormone receptor (TR) agonist or
antagonist): 1 pM (maximum
concentration) for 96 hours in the
presence or absence of T3 hormone

HBCD exhibited antiandrogenic,
antiprogesteronic and T3-potentiating
properties in vitro, and a low binding to
thyroxine binding to TTR

Reported in a secondary source.
EINECS (2008) states: Study not
validated according to OECD
guidelines.

In vitro study using human cervical Fery et al., 2009
carcinoma cells

HBCD activated thyroid receptor in the
presence of T3

Test substance: HBCD containing
10.3% a, 8.7% P, and 81.0% v-
HBCD.

In vitro study using rat and human Fery et al., 2009
hepatoma cells

HBCD is a pregnane-X-receptor (PXR)
agonist, which may account for disrupted
thyroid activity

Test substance: HBCD containing
10.3% a, 8.7% B, and 81.0% v-
HBCD.
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In vitro study using rat pituitary tumor  |EINECS, 2008; Marvin et al., Non-guideline study. No results from
GH3 cell line 2011 metabolic activation reported and not
Dose: Maximum concentration of 1 pM validated according to OECD
in the presence or absence of T3 hormone guidelines.

for 96 hours

Moderate AR and PR antagonistic
activity was reported for y-HBCD. Very
low or no antagonistic activation was
detected for the other two receptors, AhR
and ER. a-HBCD and y-HBCD showed
T3-enhanced activity at 1 uM in the
T-screen assay

No inhibition of E2 sulfotransferase

HBCD exhibited antiandrogenic,
antiprogesteronic and T3-potentiating
properties in vitro, and a low binding to
TTR
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In vitro study in chicken (Gallus Crump et al., 2008
domesticus) hepatocytes exposed to
nominal concentrations of 0.001-30 pM
a-HBCD for 24 or 36 hours

Exposure to >1 mM resulted in
significant upregulation of cytochrome
P450 2H1 and CYP3A37 at 24 and

36 hours; significant downregulation of
transthyretin, thyroid hormone-responsive
spot 14-a and liver fatty acid-binding
protein

Results indicate that xenobiotic-
metabolizing enzymes and genes
associated with the TH pathway and lipid
regulation are vulnerable to HBCD

Guideline study.

Immunotoxicity

(NK) cells and decreased NK cell activity in rats.

HBCD exposure resulted in decreased total number of spleen cells, decreased T-helper and natural Killer

Immune System Effects |28-Day gavage study in 7-week-old male [EINECS, 2008

Wistar rats (5/group)
Doses: 0, 0.3, 1, 3, 10, 30, 100 and
200 mg/kg- day in corn oil

Decreased total number of cells per
spleen, T-helper cells and NK cells;
decreased NK cell activity (general
decreasing trend, but increased at the high
dose)

Reported in a secondary source.
Performed according the current
OECD guidelines. However, study
was not GLP and only limited study
details were reported; data based on a
small number of animals and only
males were tested. No changes in
spleen weight or histopathological
effects were noted; therefore, the
toxicological relevance of these
findings is uncertain.
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ECOTOXICITY

ECOSAR Class

Neutral organics

Acute Aquatic Toxicity VERY HIGH: Based on an ECs, of 0.027 mg/L in algae. NES is expected based on physical-chemical
properties and other experimental and estimated values for fish, daphnia and algae; however, there is some
indication of toxicity to algae at concentrations that are within the range of water solubility.

Fish LCsg Oncorhynchus mykiss 96-hour LCs, EPA, 2005; NICNAS, 2012 Reported in a secondary source.

>0.0068 mg/L (nominal) or
>0.0025 mg/L (mean measured)

Guideline study. Performed according
to current EPA, OECD guidelines and
GLP. No toxicity at HBCD’s limit of
water solubility.

>10,000 mg/L (nominal)

Lepomis macrochirus 96-hour LCx, EPA, 2005 Reported in a secondary source with

>100 mg/L (nominal) limited study details. Value exceeds
water solubility.

Leuciscus idus 96-hour LCs EPA, 2005 Reported in a secondary source with

limited study details. VValue exceeds
water solubility.

(Estimated)

Fish 96-hour LCxy = 0.30 mg/L

ECOSAR class: Neutral organics

ECOSAR v1.10

NES: The log K, of 5.6 for this
chemical exceeds the SAR limitation
for the log K, of 5.0; NES are
predicted for these endpoints.

Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided by
ECOSAR classes that have a more
specific mode of action relative to
narcosis.
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Brachydanio rerio exposed to 0, 0.05,
0.1, 0.5and 1.0 mg L for up to 96 hours.
Cell apoptosis, induction of reactive
oxygen species (ROS) at 0.1, 0.5 and
1.0 mg/L.

Exposure to HBCD results in oxidative
stress and may induce apoptosis through
involvement of caspases

NOEC = 0.05 mg/L
LOEC = 0.1 mg/L

Deng et al., 2009

Guideline study. Study details taken
from abstract. This study is for a
nontraditional endpoint for
determining hazard designation. In
addition, NOEC and LOEC values
are above the limit of water solubility
and will not be used to determine a
hazard designation. No effects at
saturation (NES) are predicted.

Daphnid LCs,

Daphnia magna 48-hour ECx,
>0.0068 mg/L (nominal) or
>0.0032 mg/L (mean measured)

EPA, 2005; NICNAS, 2012

Reported in a secondary source.
Guideline study performed according
to current EPA, OECD guidelines and
GLP. No toxicity at HBCD’s limit of
water solubility; NES.

D. magna 48-hour ECsq = 146 mg/L
(nominal)

Nominal test concentrations were 0.01-
1,000 mg/L (both below and above the
water solubility)

EINECS, 2008

Reported in a secondary source.
Guideline study performed according
to current EPA, OECD guidelines and
GLP. Value exceeds water solubility.
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Daphnia 48-hour LCs, = 0.23 mg/L
(Estimated)
ECOSAR class: Neutral organics

ECOSAR Vv 1.10

NES: The log K, of 5.6 for this
chemical exceeds the SAR limitation
for the log K, of 5.0; NES are
predicted for these endpoints.

Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided by
ECOSAR classes that have a more
specific mode of action relative to
narcosis.

Green Algae ECsg

Skeletonema costatum 72-hour NOEC
>0.01 mg/L (>10 ug HBCD)

ECs, = 0.027 mg/L (biomass)
ECsp = 0.052 mg/L (growth rate)

Desjardins et al., 2005; ECHA,
2008

Reported in a secondary source with
limited study details.

Pseudokirchneriella subcapitata 96-hour
ECsy >0.0068 mg/L (nominal) or
>0.0037 mg/L (mean measured)

EPA, 2005; NICNAS, 2012

Reported in a secondary source.
Guideline study performed according
to current EPA, OECD guidelines and
GLP. No toxicity at HBCD’s limit of
water solubility; NES.

Chlorella sp. 96-hour EC5, >1.5 mg/L

EPA, 2005; NICNAS, 2012

Reported in a secondary source with
limited study details. No toxicity at
HBCD’s limit of water solubility;
NES.

S. costatum 72-hour ECs, >0.0093-
0.012 mg/L

EPA, 2005; NICNAS, 2012

Reported in a secondary source with
limited study details. No toxicity at
HBCD’s limit of water solubility;
NES.
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S. costatum 96-hour ECs, >0.0025 mg/L

ECHA, 2008

Reported in a secondary source with
limited study details. The test
substance was made up of a
composite of HBCD samples from
three manufacturers containing 6.0%
a-, 8.5% B-and 79.1%
y-diastereomers; total HBCD was
93.6% of test substance. There were
no effects at the highest concentration
tested.

S. costatum 72-hour ECsy >0.0406 mg/L
(40.6 ug HBCD/L)

NOEC >0.0406 mg/L (only concentration
tested)
LOEC = Not identified

Desjardins et al., 2004 (as cited in
ECHA, 2008; NICNAS, 2012)

Reported in a secondary source with
limited study details; LOECs were

not identified. One test concentration
at the limit of water solubility; NES.

Thalassiosira pseudonana 72-hour ECs
>0.05-0.37 mg/L

Walsh et al., 1987 (as cited in
EPA, 2005; NICNAS)

Reported in a secondary source with
limited study details. No toxicity at
HBCD’s limit of water solubility.

Scenedesmus subspicatus 96-hour ECsy
>500 mg/L

No effect on growth inhibition

Siebel-Sauer and Bias, 1987 (as
cited in EINECS, 2008)

Reported in a secondary source.
Guideline study performed according
to current EPA, OECD guidelines and
GLP. Value exceeds water solubility.
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Green algae 96-hour ECsy = 0.29 mg/L
(Estimated)
ECOSAR class: Neutral organics

ECOSARv. 1.10

The estimated effect exceeds the
water solubility of 0.66 mg/L, but not
by 10x as required to be considered
NES by ECOSAR.

Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided by
ECOSAR classes that have a more
specific mode of action relative to
narcosis.
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Chronic Aquatic Toxicity

in Daphnia magna.

VERY HIGH: Based on experimental 21-day LOEC = 0.0056 mg/L and NOEC = 0.0031 mg/L for y-HBCD

Fish ChV

Oncorhynchus mykiss 88-day NOEC
>0.0037 mg/L (y-HBCD).

Drotter et al., 2001; EPA, 2005

27-Day hatching period; 61 days post-
hatch showed no effects on hatching
success, time to swim-up, larval survival,
fry survival or growth

Reported in a secondary source.
Guideline study performed according
to current EPA, OECD guidelines and
GLP; LOEC and MATC could not be
determined due to absence of toxicity,
but were considered >0.0037 or
0.0068 mg/L (more than twice
v-HBCD’s water solubility). HBCD
was not chronically toxic to rainbow
trout at concentrations at or above its
limit of solubility.

Fish ChV = 0.043 mg/L (Estimated) ECOSAR v. 1.10

ECOSAR class: Neutral organics

Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided
by ECOSAR classes that have a
more specific mode of action
relative to narcosis.
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Chinese rare minnow 14-, 28- and 42-day
waterborne HBCD exposure to
0.1-0.5 mg/L

Induced hepatic enzymes (as measured by
EROD and PROD)

Induced oxidative stress in fish brain (as
measured by ROS and TBARS)

28-day LOEC = 0.5 mg/L
42-day LOEC = 0.1 mg/L

Zhang et al., 2008

Study details reported in abstract.
Values exceed water solubility. This
study is for a non-traditional endpoint
for determining hazard designation.
In addition, LOEC values are above
the limit of water solubility and will
not be used to determine a hazard
designation. A NOEC was not
identified.

Daphnid ChV

D. magna 21-day life cycle toxicity test.
Nominal test concentrations were 0.85,
1.7, 3.4 and 13.6 pg/L; measured test
concentrations were 0.87, 1.6, 3.1,

5.6 and 11 pg/L.

LOEC = 0.0056 mg/L ([0.0042 mg/L
geometric mean]; reduced mean lengths)
NOEC = 0.0031 mg/L (y-HBCD,
measured)

Drotter and Kruger, 1998 (as
cited in EINECS, 2008; EPA,
2005; NICNAS, 2012)

Reported in a secondary source.
Guideline study performed according
to current EPA, OECD guidelines and
GLP. Within the range of water
solubility. The test substance was
made up of a composite of HBCD
samples from three manufacturers
containing 6.0% a-, 8.5% B- and
79.1% vy-diastereomers; total HBCD
was 93.6% of test substance. Reduced
lengths, dry weight and fewer young
observed in daphnia exposed to 0.011
mg/L.

Daphnia ChV = 0.0.059 mg/L
(Estimated)
ECOSAR class: Neutral organics

ECOSAR v. 1.10

Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided by
ECOSAR classes that have a more
specific mode of action relative to
narcosis.
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Green Algae ChV

Green algae ChV = 0.38 mg/L
(Estimated)
ECOSAR class: Neutral organics

ECOSARv. 1.10

The effect level exceeds the water
solubility of 0.66 mg/L, but not by
10x as required to be considered NES
by ECOSAR. <br>

Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided by
ECOSAR classes that have a more
specific mode of action relative to
narcosis.

Earthworm Subchronic Toxicity

Lumbriculus variegates 28-day sediment
bioassay (spiked and aged sediment)
0.05, 0.5, 5, 50 and 500 mg HBCD/kg
dwt (nominal)

LOEC = 28.7 mg/kg (rate of emergence)
NOEC = 3.2 mg/kg dwt

Mean number of eggs in F1 generation
was significantly reduced at highest
concentration (159 mg/kg dwt)

EINECS, 2008; Oetken et al.,
2001

Performed in contrast with OECD
Draft Guideline 218, artificial
sediment with a coarse grain size
(100-2,000 um) and other carbon
sources (stinging-nettle and leaves of
alder). EINECS states that the results
for total emergence and emergence
rate were not considered valid for the
purpose of risk assessment due to the
large variations in solvent control.
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Avian Toxicity HBCD exposure produced adverse effects on reproduction in birds. In Japanese quail (Coturnix coturnix
japonica), dietary exposure of HBCD caused a reduction in hatchability of eggs (125 ppm), reduced shell
thickness (>125 ppm), decreased egg weight and an increase in the number of cracked eggs (500 and 1,000
ppm). The NOAEC for reproductive performance in this study was determined to be 5 ppm (0.7 mg/kg bw-
day). In a dietary study in American Kestrels (Falco sparcerius), HBCD exposure resulted in delayed egg
laying, reduced egg size, thinner egg shells, differential weight loss during embryonic development and
reduced fertility (concentrations not specified).

Reproductive Toxicity to Birds 6-week dietary study in Japanese quails |MOEJ, 2009 Limited study details; only abstract is
(Coturnix coturnix japonica). available.

Doses: 0, 125, 250, 500 or 1,000 ppm of
HBCD (a mixture of isomers: a-, 27%; p-
, 30%; v-,43%).

Reduction in hatchability at all
concentrations tested. Reduction in egg
shell thickness at > 125 ppm. Decreased
egg weight and egg production rate,
increase in cracked eggs at 500 and 1,000

ppm.

Additional test conducted for
reproductive performance. Doses: 0, 5,
15, 45 or 125 ppm.

Reduced survival of chicks at > 15 ppm.

NOEC (reproductive performance): 5
ppm (0.7 mg/kg bw-day)
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Fernie et al., 2009 Exposure was to a mixture of HBCD
and PBDE. There are currently no
DfE criteria to determine a hazard

designation for this endpoint.

Dietary study in American Kestrels
(Falco sparcerius) fed HBCD and PBDE

Delayed egg laying, smaller eggs, thinner
eggshells, differential weight loss during
embryonic development and reduced
fertility and reproductive success

ENVIRONMENTAL FATE

Transport

The transport evaluation for HBCD is based on both estimated and experimental physical and chemical
properties. HBCD has been found widespread, in many environmental and ecological samples, even in
remote regions such as the Arctic, where concentrations in the atmosphere and top predators are elevated.
In the atmosphere, HBCD is expected to exist in both the vapor and particulate phase. Vapor-phase HBCD
is expected to have limited potential for photodegradation. Particulate-phase HBCD will be removed from
air by wet or dry deposition. Based on the fugacity models incorporating the available experimental
property data, HBCD is expected to partition primarily to soil. HBCD is expected to have low mobility in
soil based on its estimated K. Therefore, leaching of HBCD through soil to groundwater is not expected to
be an important transport mechanism. Estimated volatilization half-lives for a model river and model lake
indicate that HBCD will have low to moderate potential to volatilize. Volatilization from water surfaces is
expected to be attenuated by adsorption to suspended solids and sediment in the water column.

Henry’s Law Constant —
HLC (atm-m®mole)

4.6x10” at 25°C (Calculated from EPI/Physprop database for Derived from measured vapor
Measured values) CASRN 3194-55-6 pressure (4.7x10" mm Hg) and water
solubility (8.6x10°° mg/L) values.

Value was obtained from the
measured vapor pressure and water
solubility.

6.0x10°® at 25°C (Estimated) EPI

Value was obtained from the
measured vapor pressure (a-HBCD
7.9x10; B-HBCD 4.4x10™;
y-HBCD 6.3x10™") and water
solubility.

0-HBCD: 4.8x107
B-HBCD: 1.3x10°
y-HBCD: 3.5x10™°
(Calculated from Measured values)

Kuramochi et al., 2010
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Sediment/Soil 9.1x10" (Estimated) EPI

Adsorption/Desorption

Coefficient — K

Level 111 Fugacity Air = 0.4% (Estimated) EPI Values were obtained from the

Model Water = 6.3% measured vapor pressure, log Ko, and
Soil =54% water solubility.
Sediment = 39.5%

Persistence

HIGH: The persistence designation for HBCD is high. HBCD was considered by the Executive Body of the
United Nations Economic Commission for Europe (UNECE) Convention on Long-Range Trans-boundary
Air Pollution (LRTAP) to meet the criteria for persistent organic pollutants (POPs) as defined under the
POPs protocol. HBCD is persistent in the air, and as such, has been detected in remote regions including the
Arctic, and in sediment layers from the 1960s and 1970s through core sampling studies. HBCD is not
expected to appreciably degrade under aerobic conditions. Degradation through debromination may occur
under anaerobic conditions. Experimental studies indicate no degradation after 28 days in a ready
biodegradation test. Aerobic biodegradation data obtained in soil also suggest high persistence.
Experimental simulation studies indicate that anaerobic biodegradation of HBCD is possible; however, the
removal rate suggests high environmental persistence, and sediment core samples show a significantly
slower apparent decrease of HBCD concentrations with time compared to what would be expected based on
the half-lives obtained from sediment biodegradation simulation tests. HBCD is not expected to hydrolyze in
the environment based on experimental and estimated data. No experimental data were available for the
photolysis of HBCD; however, it is not expected to undergo direct photolysis by sunlight as it does not
contain chromophores that absorb at wavelengths >290 nm.

Water

Aerobic Biodegradation

No degradation after 28 days (Measured) |EINECS, 2008; NICNAS, 2012 |Values reported in a secondary
OECD Test Guideline 301D source. Guideline studies performed
according to current EPA, OECD
guidelines and GLP.

Approximately 22% degradation after 56 |EINECS, 2008; NICNAS, 2012
days; aerobic sludge inherent
biodegradation study (Measured)
OECD Test Guideline 302B
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87-92% degradation of the three HBCD

diastereomers after 60 days under
anaerobic conditions using activated
sludge (Measured)

NICNAS, 2012

Volatilization Half-life
for Model River

10 days (Estimated)

EPI

Estimation model was calculated
using all applicable measured input
values and the Henry’s Law constant
obtained from the measured vapor
pressure and water solubility. It
should be noted that this mechanism
of HBCD transport should be
attenuated by the strong sorption
potential of HBCD to suspended
material.

Volatilization Half-life
for Model Lake

122 days (Estimated)

EPI

Estimation model was calculated
using all applicable measured input
values and the Henry’s Law constant
obtained from the measured vapor
pressure and water solubility.

Soil

Aerobic Biodegradation

Half-life of y-HBCD: 63 days at 20°C
(Measured)
OECD Test Guideline 307

ECHA, 2008; NICNAS, 2012

Value reported in a secondary source.
Soil simulation dissipation study
using sandy loam soil amended with
sewage sludge.

No degradation after 112 days
(Measured)
OECD Test Guideline 307

ECHA, 2008; NICNAS, 2012

Reported in a secondary source. Soil
simulation dissipation study.

Anaerobic
Biodegradation

Half-life of y-HBCD: 7 days at 20°C
(Measured)
OECD Test Guideline 307

EINECS, 2008; NICNAS, 2012

Reported in a secondary source. Soil
simulation dissipation study using
sandy loam soil amended with
sewage sludge.
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Half-life: 1.6 days at 37°C (Measured) |EINECS, 2008 Reported in a secondary source. Test

substance was a technical HBCD
mixture. Performed using sewage
sludge in anaerobic conditions.

Soil Biodegradation w/ No data located.

Product Identification

Sediment/Water Aerobic sediment half-life: 101 days ECHA, 2008 Reported in a secondary source.

Biodegradation

Anaerobic sediment half-life: 66 days
(Measured)

OECD Test Guideline 308

a-HBCD: 113 days

B-HBCD: 68 days

v-HBCD: 104 days

Study reported a stepwise reductive
dehalogenation via
tetrabromocyclododecene and
dibromocyclododecadiene to
1,5,9-cyclododecatriene in aerobic and
anaerobic sediment; further degradation
beyond 1,5,9-cyclododecatriene was not
observed

Guideline study; provides supporting
information concerning the isomer
profile of HBCD degradation.
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Aerobic sediment half-life: 11 days; ECHA, 2008; NICNAS, 2012
32 days

Anaerobic sediment half-life: 2 days
(y-HBCD) (Measured)

OECD Test Guideline 308

Value reported in a secondary source.
Guideline study. The test
concentration was too low to allow
for the quantification of a- and
[B-diastereomers. No mass balance
could be established during the test.
The recovery of the test substance
varied (33-125%), indicating
problems with the extraction method.
It is stated that the half-life values
obtained from this study may
overestimate the degradability of
y-HBCD.

Degraded by abiotic and biotic processes |Davis et al., 2005, 2006; EPA,
in soil and aquatic sediment with reported {2010

half-lives of 2 days to 2 months
(Measured)

Provides supporting information
about HBCD degradation.

HBCD was detected in sediment layers |[ECHA, 2008
from the 1960s and 1970s in sediment
core studies; sediment layers from the
Stockholm archipelago, approximately 30
and 40 years old, were found to contain
HBCD in 25-33% of the concentration
found in the top layer (approximately
2,004) (Measured)

Non-guideline sediment core studies
reported in a secondary source;
suggests that degradation half-lives
under field conditions may not be as
fast as simulation degradation studies
indicate.

Air Atmospheric Half-life  |1.7 days (Estimated) EPI
Reactivity Photolysis Not a significant fate process (Estimated) [Mill, 2000; Professional The substance does not contain
judgment functional groups that would be

expected to absorb light at
wavelengths >290 nm.
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UV absorbance <240 nm calculated for o,

B and y HBCD diastereomers using time
dependent-density functional theory
(TD-DFT).

Zhao et al., 2010

HBCD photodegradation and
photostereoisomerization trends at
wavelengths below 240 nm were
predicted. Based on this report, there
is potential for degradation of HBCD
by UV light, although it is expected
to have limited influence on the
overall rate of removal.

Hydrolysis

No degradation after 39 days (Measured)

EINECS, 2008

Reported in a secondary source with
limited study details. The
measurement was performed on the
technical product. The detection limit
of 200 ppm may be too high to be
reliable.

Half-life at pH 8: 1.2x10% years
Half-life at pH 7: 1.2x10" years
(Estimated)

EPI

This result is unreliable because this
substance is outside the domain of the
EPI HYDROWIN v2.00 estimation
as no cyclic structures were in the
alkyl halide training set.

Professional judgment

HBCD is not expected to undergo
hydrolysis in the environment due to
the lack of functional groups that
hydrolyze under environmental
conditions.

Environmental Half-Life

>120 days (Estimated)

PBT Profiler; EPI;
Professional judgment

Half-life estimated for the
predominant compartment (soil), as
determined by EPI and the PBT
Profiler methodology. This value is
consistent with available measured
half-lives.
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Bioaccumulation

VERY HIGH: The bioaccumulation designation for HBCD is based on measured BCF values. Available
monitoring data demonstrate HBCD being detected in a range of organisms, including higher trophic level

organisms.

Fish BCF BCF = 8,974 (Measured) Drottar and Kruger, 2000; Guideline study performed according
Oncorhynchus mykiss (whole fish) ata  |[EINECS, 2008; EPA, 2005; to current EPA, OECD guidelines and
nominal concentration of 3.4 ug HBCD/L [NICNAS, 2012 GLP.
for 70 days long (25-day uptake, 35-day
depuration); nominal concentrations
based on y-isomer
The three stereoisomers of HBCD were
present in O. mykiss in rough
approximation to that of the commercial
product used as test article
BCF = 18,100 (Measured) EINECS, 2008; Veith et al., 1979 |Non-guideline study that was
(steady-state, log BCF 4.26) in conducted before the implementation
Pimephales promelas at a mean water of standardized test procedures for
concentration of 6.2 ug HBCD/L for BCF.

32 days
Fish BAF 4,100 (Estimated for 3194-55-6) EPI These estimated results are from the

350,000 (Estimated for 25637-99-4)

BCFBAF v3.01 Arnot-Gobas
method, reporting the upper trophic
value with an entered measured Log

Kow Vvalue of 5.6.
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Juvenile rainbow trout (O. mykiss) were
exposed to three HBCD isomers through
their diet for 56 days, followed by 112
days of untreated food

Steady state was not reached after 56
days; muscle tissue was sampled
throughout the study

a-HBCD: 9.2
B-HBCD: 4.3
y-HBCD: 7.2

Law, 2006; NICNAS, 2012

The secondary source reported these
calculated results as BAF values;
however, the original source refers to
these as BMF values. Despite the
difference in nomenclature, these
values from non-guideline studies
demonstrate that HBCD isomers
bioaccumulate in fish through dietary
exposure.

Mammalian BAF

90-Day gavage study in Crl:CD(SD)IGS
BR rats (20/sex)

Doses: 0 and 1,000 mg technical-grade
HBCD/kg/day at a dosage volume of

5 mL/kg for 90 days (Measured)

Relative BAF a-HBCD: 99
Relative BAF B-HBCD: 11
Relative BAF y-HBCD: 1

EINECS, 2008

Values were obtained from a
secondary source provide supporting
information concerning the isomer
profile of HBCD bioaccumulation.

Earthworm BAF

BAF HBCD: 0.03-0.08 wwt/wwt
(Measured)

A 28-day study in earthworms exposed to
concentrations HBCD ranging from 78.5
to 5,000 mg/kg soil (dwt)

BAF a-HBCD: 0.3-0.8 dwt/wwt
BAF B-HBCD: 0.01-0.04 dwt/wwt
BAF y-HBCD: 0.005-0.02 dwt/wwt

EINECS, 2008; NICNAS, 2012

Values were obtained from a
secondary source provide supporting
information concerning the isomer
profile of HBCD bioaccumulation.
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Metabolism in Fish

Metabolite formation was studied in
juvenile rainbow trout (O. mykiss) liver
and muscle

NICNAS, 2012 Values were obtained from a
secondary source and provide
species-specific isomer profile
information.
Bioisomerization:

Fish exposed to the 3-isomer resulted in
a-isomer and y-isomer

Fish exposed to the a-isomer resulted in
no B-isomer and a small amount of
y-isomer

Fish exposed to the y-isomer resulted in a
linear increase in the a-isomer over the
first 14 days of depuration and this
isomer was still found after 112 days
depuration; no B-isomer was found after
112 days depuration

NVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

Detected in lake and river sediment, indoor dust, Arctic atmospheric air, deposition samples, European surface
waters, point source air, urban air and marine sediment (ECHA, 2008; EINECS, 2008; HSDB, 2011b; NICNAS,
2012; La Guardia et al., 2012).

Ecological Biomonitoring

Detected in the eggs, liver and blood of Arctic marine birds, Baltic Sea guillemot eggs, Arctic sea ice amphipods,
polar cod, skipjack tuna, polar bear adipose tissue, harbor seal blubber, ringed seal blubber, fish and marine
mammals in Western Europe, the Baltic Sea and Western Scheldt, U.K. harbor porpoise, plankton, mussels,
peregrine falcons in Sweden, Sparrow hawk, Atlantic puffin, Atlantic white sided dolphin, bottle nose dolphin, bull
shark, Grey seal, sea lion, Narwhal, bivalve, gastropod, beluga and ring-billed gulls from the St. Lawrence River,
Canada (ECHA, 2008, EINECS, 2008, EPA, 2010, NICNAS, 2012, Gentes et al., 2012; La Guardia et al., 2012).

Human Biomonitoring

Detected in breast milk, blood plasma and adipose tissue. This chemical was not included in the NHANES

biomonitoring report (CDC, 2011; ECHA, 2008; HSDB, 2011b; Marvin et al., 2011; NICNAS, 2012).
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Table 1. Summary of benchmark dose model results for decreased serum T3 levels
in adult stage (PNW 11) male offspring from Sprague-Dawley rats exposed to
HBCD in the diet from gestation day (GD) 10 — postnatal day (PND) 20

Test for
significant Means Scaled BMDgpigos
difference| Variance | chi-square | residuals of (mg/kg- |BMDLRgp1g9s
Model p-value® | p-value® | p-value® interest® AlC day) |(mg/kg-day)
All doses included
Constant variance
Exponential NA
0.000000188 /

Hill® 0.06 0.77 NA -0.28 -178.58 18.67 7.11
Linear® 0.06 0.77 0.02 0.20/HD | -174.60 | 2376.16 1189.99
Polynomial (2-degree)" 0.06 0.77 0.02 0.20/HD | -174.60 | 2376.16 1189.99
Polynomial (3-degree)" 0.06 0.77 0.02 0.20/HD | -174.60 | 2376.16 1189.99
Power® 0.06 0.77 0.02 0.20/HD | -174.60 | 2376.16 1189.99
Highest dose dropped
Constant variance
Exponential (model 2) 0.05 0.57 0.38 -0.65/0.07 | -134.64 | 119.68 73.53
Exponential (model 3) 0.05 0.57 0.38 -0.65/0.07 | -134.64 | 119.68 73.53
Exponential (model 4) NA 4.38E -08 /

0.05 0.57 2.22E-08 | -133.42 39.57 9.73
Hill® NA
Linear* 0.05 0.57 0.37 -0.66/0.07 | -134.63 | 120.98 75.95
Polynomial (2-degree)" 0.05 0.57 0.37 -0.66/0.07 | -134.63 | 120.98 75.95
Power® 0.05 0.57 0.37 -0.66/0.07 | -134.63 | 120.98 75.95

Data from Saegusa et al. 2009
AIC = Akaike Information Criterion; BMD = maximum likelihood estimate of the dose associated with the
selected benchmark response; BMDL = 95% lower confidence limit on the BMD; HD = BMD value is higher than
the highest dose tested; therefore, only the residual just below the BMD is presented; NA = Model failed to
generate; SD = standard deviation

®Values >0.05 fail to meet conventional goodness-of-fit criteria.
®Values <0.10 fail to meet conventional goodness-of-fit criteria.

“Scaled residuals at doses immediately below and immediately above the benchmark dose.

dCoefficients restricted to be negative.

*Power restricted to >1.

The test for significant difference provided a marginal fit to the data for changes in serum T3 levels in rats. The
continuous models with constant variance assumed did provide adequate fits to the variance model; however none
of the models provided an adequate fit to the means. In an attempt to achieve an adequately fit model, the highest
dose was dropped from the dataset and reapplied to the continuous models with constant variance assumed. After
dropping the highest dose, all models (linear, polynomial, power, and exponential), with the exception of the Hill
model, provided adequate fits to both the variance and the means. Among the fit models, the BMDLs differed by
less than 3-fold, so the model with the lowest AIC was selected (exponential model). BMDs and BMDLs

associated with a change of one standard deviation were calculated to be 119.68 and 73.53 mg/kg-day,

respectively.
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Mean Response

Fit of exponential model (model 2) to data for decreased serum T3 levels in adult stage
(PNW 11) male offspring from Sprague-Dawley rats exposed to HBCD in the diet from
gestation day (GD) 10 — postnatal day (PND) 20

Highest Dose Dropped

The BMD and BMDL indicated are associated with a 1 standard deviation change from the control and are
in units of mg/kg day

Exponential Model 2 with 0.95 Confidence Level

Exponential
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Table 2. Summary of benchmark dose model results for increased relative
thyroid weight in adult stage (PNW 11) male offspring from Sprague-Dawley
rats exposed to HBCD in the diet from gestation day (GD) 10 — postnatal day

(PND) 20
Test for
significant Means Scaled BMDRgpigo
difference| Variance | chi-square | residuals of (mg/kg- |BMDLRp1ges
Model p-value® | p-value® | p-value® interest® AIC day) |(mg/kg-day)
Constant variance
Exponential (model 2) 0.01 0.48 0.03 -0.12/HD 32.47 1518.54 960.56
Exponential (model 3) 0.01 0.48 0.03 -0.12 / HD 32.47 1518.54 960.56
Exponential (model 4) -0.00004 /
0.01 0.48 0.23 0.00014 28.89 14.01 0.03
Exponential (model 5) -0.00004 /
0.01 0.48 0.23 0.00014 28.89 14.01 0.04
Hill® 0.01 0.48 0.29 0.16/-0.80 28.57 15.85 0.00005
Linear® 0.01 0.48 0.03 -0.12/HD 32.42 1505.30 913.61
Polynomial (2-degree)" 0.01 0.48 0.03 -0.12 / HD 32.42 1505.30 913.61
Polynomial (3-degree)" 0.01 0.48 0.03 -0.12 / HD 32.42 1505.30 913.61
Power® 0.01 0.48 0.03 -0.12/HD 32.42 1505.30 913.61

Data from Saegusa et al. 2009

AIC = Akaike Information Criterion; BMD = maximum likelihood estimate of the dose associated with the selected
benchmark response; BMDL = 95% lower confidence limit on the BMD; HD = BMD value is higher than the highest
dose tested; therefore, only the residual just below the BMD is presented; NA = Model failed to generate; SD =
standard deviation

®alues >0.05 fail to meet conventional goodness-of-fit criteria.

®Values <0.10 fail to meet conventional goodness-of-fit criteria.

“Scaled residuals at doses immediately below and immediately above the benchmark dose.

YCoefficients restricted to be positive.

*Power restricted to >1.

Models were fit to the data for changes in relative thyroid weight in rats. The continuous models with constant
variance assumed did provide adequate fits to the variance model. Only the exponential (models 4 and 5) and Hill
models provided an adequate fit to the means. Among the fit models, the BMDLSs differed by less than 2- to 3-fold, so
the model with the lowest AIC was selected (Hill model). BMDs and BMDLSs associated with a change of one
standard deviation were calculated to be 15.85 and 0.00005 mg/kg-day, respectively.

The LOAEL for this endpoint was determined to be 146.3 mg/kg-day with a NOAEL of 14.8 mg/kg-day. The BMDL
of 0.00005 mg/kg-day, as well as the BMDLs from the exponential (models 4 and 5) models fall below the observed
NOAEL for this endpoint, and do not appear to be valid.
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Mean Response

Fit of Hill model to data for increased relative thyroid weight in adult stage (PNW 11) male
offspring from Sprague-Dawley rats exposed to HBCD in the diet from gestation day (GD)
10 — postnatal day (PND) 20

The BMD and BMDL indicated are associated with a 1 standard deviation change from the control and are
in units of mg/kg day

Hill Model with 0.95 Confidence Level

Hill
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Butadiene styrene brominated copolymer

VL = Very Low hazard L = Low hazard

= Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (\VVL, L,

assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.
This table contains hazard information for each chemical; evaluation of risk considers both hazard and exposure. Variations in end-of-life processes or degradation and combustion
by-products are discussed in the report but not addressed directly in the hazard profiles. The caveats listed below must be taken into account when interpreting the information in the

table.

d This hazard designation would be assigned MODERATE for a potential for lung overloading if >5% of the particles are in the respirable range as a result of dust forming

operations

, H,and VH) were

¥ Aquatic toxicity: EPA/DTE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants
that may partition to sediment and particulates.
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Butadiene styrene brominated copolymer

CASRN: 1195978-93-8

MW: 60,000-160,000;
<0.1% <1,000;
<0.1% <500

MF: (CgHg)x(C4HeBr2)y(C4HeBrI2),

Physical Forms:
Neat: Solid

Use: Flame retardant

Representative structure

SMILES: This polymer with MW >1,000 and minimal low MW components is not amenable to SMILES notation.

Synonyms: Benzene, ethenyl-, polymer with 1,3-butadiene, brominated (CA Index Name for CASRN 1195978-93-8); Block copolymer of polystyrene and
brominated polybutadiene; polymeric FR

Trade Names: Emerald Innovation™ 3000; FR122P

Chemical Considerations: This alternative is a high MW polymer. It was assessed using polymer assessment criteria as described in the literature (Boethling and
Nabholz, 1997). The hazard designations shown in the table for this alternative are based upon high MW formulations of the polymer, where all components have a
MW >1,000. Future formulations may contain lower MW oligomers or impurities that have the potential to be persistent, bio-accumulative, and toxic (PBT) and are
not represented in the hazard designations presented.

This substance is subject to a Significant New Use Rule (SNUR) that was finalized in June 2013 (78 Federal Register 38210). Manufacture (or import) of the polymer
requires notification to EPA except in these cases: (1) the MW of the polymer is in the range of 1,000 to 10,000 daltons, or (2) the MW of the polymer is >10,000
daltons and less than 5 percent of the particles are in the respirable range of 10 microns or less (EPA, 2013).
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Polymeric: Yes

Oligomers: The average MW of this polymer ranges from 60,000 to 160,000 daltons with oligomers below 500 or 1,000 expected in negligible amounts.

Metabolites, Degradates and Transformation Products: None identified.

Analog: No analogs
Endpoint(s) using analog values: Not applicable

Structure: Not applicable

Structural Alerts: None identified

Risk Phrases: Not classified by Annex VI Regulation (EC) No. 1272/2008 (ESIS, 2011)

Hazard and Risk Assessments: None identified
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

| DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

No data located.

Boiling Point (°C)

>300 (Estimated)

Professional judgment

Cutoff value used for large, high MW
solid.

Vapor Pressure (mm Hg)

<10 (Estimated)

Professional judgment; Boethling
and Nabholz, 1997

Cutoff value for large, high MW
polymers according to polymer
assessment literature.

Water Solubility (mg/L)

0.5 g samples (Measured)

No dissolved organic carbon (DOC) was

detected in water at pH 2, 7 and 9 at 20°C
and pH 7 at 37°C after 24 hours according
to test guideline OECD 120 with 0.05 and

Dow, 2005c

OECD test guideline 120 is for solid
polymers for which the Water
Solubility OECD 105 test is not
applicable. For OECD 120, the
solution/extraction behavior of the
polymer in water at a range of pH
values is analyzed.

<10 (Estimated)

Professional judgment; Boethling
and Nabholz, 1997

Cutoff value for large, high MW non-
ionic polymers according to polymer
assessment literature.

4-110




Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Log Kow

No data located; polymers with a
MW >1,000 are outside the domain
of the available estimation methods.

Approximately 2 (Measured)

According to Guideline OECD 117;
calculated for residual solvent from an
acute invertebrate toxicity study water
accommodated fraction (WAF) sample.

Dow, 2007a; Dow, 2012

Inadequate, the log Kow is not
consistent with the structure of the
material and does not represent the
polymeric substance. The sample is
from an acute invertebrate toxicity
study WAF; polymeric components
not found in the WAF were not
evaluated.

Additionally, this study did not
definitively identify the peak detected
from the WAF using OECD 117
“Partition Coefficient (N-
octanol/water), High Performance
Liquid Chromatography (HPLC)
Method”.

Separate analysis of WAF identified
the impurities to be solvent present in
the sample (i.e. 1,2-dichloroethane).

Flammability (Flash Point)

Nonflammable (Estimated)

Professional judgment

No experimental data located; based
on its use as a flame retardant.

Explosivity Not expected to form explosive mixtures |Professional judgment No experimental data located; based
with air (Estimated) on its use as a flame retardant.
Pyrolysis DfE assessment methodology indicates Professional judgment Based on analysis of the chemical

that chemicals that contain both halogens
and aromatic rings have the potential to
form compounds potentially hazardous
compounds under high temperature
conditions (Estimated)

structure.
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

pH Not applicable Professional judgment Does not contain functional groups
that are expected to ionize under
environmental conditions.

pK, Not applicable Professional judgment Does not contain functional groups

that are expected to ionize under
environmental conditions.

HUMAN HEALTH EFFECTS

Toxicokinetics

metabolized in the body.

There is no absorption expected for any route of exposure. This polymer is large, with a MW >1,000. It is
expected to have limited bioavailability and is therefore not expected to be readily absorbed, distributed or

Dermal Absorption in vitro

No data located.

Absorption, Oral, Dermal or
Distribution, Inhaled
Metabolism &

Excretion

No absorption expected for any route of
exposure (Estimated)

Professional judgment

Estimated based on professional
judgment.

Acute Mammalian Toxicity

LOW: Based on experimental LDs, values >2,000 mg/kg. This polymer is
bioavailability and is therefore of low potential for acute mammalian toxicity.

also expected to have limited

Acute Lethality Oral Oral, rat LDsy >2,000 mg/kg in Up and Dow, 2007e Sufficient study details provided.
Down Procedure.
Oral, mouse LDs, >5,000 mg/kg Dow, 2005a Sufficient study details provided.
Oral, rat LDsp >2,000 mg/kg in Up and Dow, 2007e Sufficient study details provided.
Down Procedure.
Dermal Limited bioavailability expected Professional judgment; Boethling |Based on polymer assessment
Inhalation (Estimated) and Nabholz, 1997 literature.

Carcinogenicity

LOW: This polymer is large, with a MW >1,000. It is expected to have few to no residual monomers.
Additionally, it is not expected to have crosslinking, swellability, dispersability, reactive functional groups,
potential for inhalation or hindered amine groups. This chemical therefore has a low potential for
carcinogenicity. No experimental data located.

OncoLogic Results

No data located.
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Carcinogenicity (Rat
and Mouse)

Limited bioavailability expected
(Estimated)

Combined Chronic
Toxicity/Carcinogenici
ty

Professional judgment; Boethling

and Nabholz, 1997

Based on polymer assessment
literature.

Genotoxicity

LOW: This compound did not induce gene mutations in bacteria or cause chromosomal aberrations in
mammalian cells in vitro. In addition, this polymer is large, with a MW >1,000. It is expected to have limited
bioavailability; therefore, it has low potential for genotoxicity.

Gene Mutation in vitro

Negative in Ames assay in S. typhimurium
TA98, TA100, TA1535, TA1537, and in
E. coli WP2uvrA in the presence of
metabolic activation

Dow, 2005b

Sufficient study details and
supporting data provided.

Gene Mutation in vivo

Limited bioavailability expected
(Estimated)

Professional judgment; Boethling

and Nabholz, 1997

Based on polymer assessment
literature.

Chromosomal Negative in rat lymphocyte chromosomal |Dow, 2006 Sufficient study details and
Aberrations invitro  |aberration test (RLCAT) supporting data provided.
Chromosomal Limited bioavailability expected Professional judgment; Boethling |Based on polymer assessment

Aberrations in vivo

(Estimated)

and Nabholz, 1997

literature.

DNA Damage and
Repair

No data located.

Other

No data located.

Reproductive Effects

reproductive effects.

LOW: Auvailable experimental data indicate a Low hazard designation. In addition, this polymer is large,
with a MW >1,000. It is expected to have limited bioavailability; therefore, it has low potential for
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Reproduction/
Developmental
Toxicity Screen

No reproductive effects were observed in
combined repeated dose toxicity study (28-
day) with reproductive/developmental
toxicity screening test in Crl:CD (SD) rats
orally exposed to 0, 100, 300, or 1,000
mg/kg-day via gavage.

NOAEL >1,000 mg/kg-day (highest dose
tested)

Dow, 2007f

Sufficient study details and
supporting data provided; effects on
reproductive and developmental
functions including organ weights,
histopathological examinations of
tissues, litter size, pup survival, sex,
body weight, and the presence of
gross external abnormalities were
evaluated; conducted according to
OECD guidelines.

Combined Repeated
Dose with
Reproduction/
Developmental
Toxicity Screen

Limited bioavailability expected
(Estimated)

Reproduction and
Fertility Effects

Professional judgment; Boethling
and Nabholz, 1997

Based on polymer assessment
literature.
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Developmental Effects

developmental effects.

LOW: Available experimental data also indicate a Low hazard designation. In addition, this polymer is
large, with a MW >1,000. It is expected to have limited bioavailability; therefore, it has low potential for

Reproduction/
Developmental
Toxicity Screen

day) with reproductive/developmental

orally exposed to 0, 100, 300, or 1,000
mg/kg-day via gavage.

Developmental NOAEL >1,000 mg/kg-
day (highest dose tested)

No developmental effects were observed in
combined repeated dose toxicity study (28-

toxicity screening test in Crl:CD (SD) rats

Dow, 2007f

Sufficient study details and
supporting data provided; effects on
reproductive and developmental
functions including organ weights,
histopathological examinations of
tissues, litter size, pup survival, sex,
body weight, and the presence of
gross external abnormalities were
evaluated; conducted according to
OECD guidelines.

Combined Repeated
Dose with
Reproduction/
Developmental
Toxicity Screen

Limited bioavailability expected
(Estimated)

Prenatal Development

Postnhatal Development

Professional judgment; Boethling
and Nabholz, 1997

Based on polymer assessment
literature.
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Neurotoxicity

LOW: This polymer is large, with a MW >1,000. It is expected to have limited bioavailability; therefore, it
has low potential for neurotoxicity. There were no neurological effects reported in a 28-day repeated dose
toxicity study in rats at doses as high as 1,000 mg/kg-day.

Neurotoxicity
Screening Battery
(Adult)

Limited bioavailability expected
(Estimated)

Professional judgment; Boethling
and Nabholz, 1997

Based on polymer assessment
literature.

There were no neurological effects
observed in a combined repeated dose
toxicity study (28-day) with reproductive/
developmental toxicity screening test in
Crl:CD (SD) rats orally exposed to 0, 100,
300, or 1,000 mg/kg-day via gavage.

NOAEL >1,000 mg/kg-day (highest dose
tested)

Dow, 2007f

Sufficient study details and
supporting data provided; effects on
neurological functions including
sensory evaluation, rectal
temperature, grip performance, and
motor activity were evaluated;
conducted according to OECD
guidelines.

Repeated Dose Effects

forming conditions.

LOW: Based on an experimental NOAEL >1,000 mg/kg-day in rats exposed via gavage for 28 days. This
polymer is large, with a MW >1,000. It is expected to have limited bioavailability; however, because the
number average molecular weight (MW,) is >10,000, there is the possibility of lung overloading in dust

This MW, for this polymer is >10,000;
potential for irreversible lung damage as a
result of lung overloading (Estimated)

Professional judgment; Boethling
and Nabholz, 1997

Based on polymer assessment
literature.

No adverse effects were observed in a
combined repeated dose toxicity study (28-
day) with reproductive/developmental
toxicity screening test in Crl:CD (SD) rats
orally exposed to 0, 100, 300, or 1,000
mg/kg-day via gavage.

NOAEL >1,000 mg/kg-day (highest dose
tested)

Dow, 2007f

Sufficient study details and
supporting data provided; conducted
according to OECD guidelines.
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Butadiene styrene brominated copolymer

CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Skin Sensitization

LOW: This polymer did not cause skin sensitization in a guideline study.

Skin Sensitization

Does not cause skin sensitization in guinea
pig by Buehler test

Dow, 2007b

Sufficient study details and
supporting data provided. Conducted
according to OECD Test Guideline
406

Respiratory Sensitization

No data located.

Respiratory
Sensitization

No data located.

Eye Irritation

MODERATE: This polymer is mildly irr
instillation.

itating to rabbit eyes, with effects clearing within 72 hours post

Eye Irritation

Single instillation of 20 mg of the test
substance caused iritis and conjunctivitis,
clearing within 72 hours.

Non-irritating (species not specified) Dow, 2011 Limited study details and no
supporting data provided.
Mildly irritating, rabbits Dow, 2007c Sufficient study details provided;

study conducted according to OECD
guidelines; evaluated by the Draize
method; irritations may have been
due to mechanical action (scratching)
due to the 20 mg instillation of the
test substance particles.

Dermal Irritation

LOW: This polymer is slightly irritating to the skin of rabbits.

Dermal Irritation

Slightly irritating in rabbits according to
OECD Test Guideline 404; caused slight
erythema that cleared within 24 hours

Dow, 2007d

Sufficient study details and
supporting data provided.

Endocrine Activity

This polymer is large, with a MW >1,000
bioavailability and inability to be readily

metabolized in the body.

. It is not expected to have endocrine activity due to its limited

Limited bioavailability expected
(Estimated)

Professional judgment; Boethling
and Nabholz, 1997

Based on polymer assessment
literature.

Immunotoxicity

potential for immunotoxicity.

This polymer is large, with a MW >1,000. It is expected to have limited bioavailability; therefore, it has low

4-117




Immune System Limited bioavailability expected Professional judgment; Boethling |Based on polymer assessment
Effects (Estimated) and Nabholz, 1997 literature.

ECOSAR Class Not applicable

Fish LCs NES Professional judgment The large MW, limited
bioavailability and low water
solubility suggest that there will be
NES.
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Daphnid LCs,

Daphnia magna 48-hour ELs, > 1,000
mg/L. ELs is the effect (immobility)

24-hour ELs, > 1,000 mg/L;

48-hour no-observed-effect loading rate
(NOELR) < 1,000 mg/L
(Experimental)

loading rate resulting in 50% immobility;

Dow, 2007a

Sufficient study details provided;
study conducted according to OECD
Test Guideline 202. The reported
value was determined using a water
accommodated fraction (WAF) at a
loading rate of 1,000 mg (only
concentration tested); the toxicity
values were determined based on the
nominal loading rate used to prepare
the WAF solution. As a result, the
reported value exceeds this material’s
water solubility; immobility was
reported in 10% (3/30) daphnids at
the test dose (1,000 mg/L) following
24- and 48- hours of exposure,
therefore the NOELR is determined
to be at some concentration less than
1,000 mg/L. Subsequent evaluation
determined that the WAF contained
solvent impurities

NES Professional judgment The large MW, limited
bioavailability and low water
solubility suggest that there will be
NES.

Green Algae ECsg NES Professional judgment The large MW, limited

bioavailability and low water
solubility suggest that there will be
NES.

Chronic Aquatic Toxicity

those materials that display NES.

LOW: Non-ionic polymers with a MW >1,000 that do not contain reactive functional groups and are
comprised of minimal low MW oligomers are estimated to display NES. These polymers display NES because
the amount dissolved in water is not anticipated to reach a concentration at which adverse effects may be
expressed. Guidance for the assessment of aquatic toxicity hazard results in a low hazard categorization for
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Fish ChV

NES

Professional judgment

The large MW, limited
bioavailability and low water
solubility suggest that there will be
NES.

Daphnid ChV

NES

Professional judgment

The large MW, limited
bioavailability and low water
solubility suggest that there will be
NES.

Green Alg

ae ChV

NES

Professional judgment

The large MW, limited
bioavailability and low water
solubility suggest that there will be
NES.

ENVIRONMENTAL FATE

Transport

potential to adsorb to sediment.

The negligible water solubility and estimated negligible vapor pressure indicate that this polymer is
anticipated to partition predominantly to soil and sediment. The estimated Henry’s Law constant of

<10® atm-m®mole indicates that it is not expected to volatilize from water to the atmosphere. The estimated
K, of >30,000 indicates that it is not anticipated to migrate from soil into groundwater and that it has the

Henry’s Law Constant
(atm-m%mole)

<10°® (Estimated)

Professional judgment; Boethling

and Nabholz, 1997

High MW polymers are expected to
have low vapor pressure and are not
expected to undergo volatilization
according to polymer assessment
literature.

Sediment/Soil
Adsorption/Desorption
Coefficient — K

>30,000 (Estimated)

Professional judgment; Boethling

and Nabholz, 1997

Cutoff value used for large, high MW
polymers. High MW polymers are
expected to adsorb strongly to soil
and sediment according to polymer
assessment literature.

Level 111 Fugacity
Model

No data located.
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA REFERENCE DATA QUALITY

Persistence

VERY HIGH: This polymer is large, with a MW >1,000. It has negligible water solubility and is expected to
have poor bioavailability to microorganisms, indicating that neither biodegradation nor hydrolysis are

expected to be important removal processes in the environment. Additionally, experimental guideline studies
did not detect anaerobic biodegradation of this polymer after 62 days or degradation by hydrolysis after five

days at pH 1.2 to 9. Although debromination by photodegradation of polybrominated benzenes has been
observed, this process is not anticipated to lead to ultimate degradation of the material; also, limited
debromination is not likely to significantly alter the environmental properties of this material. As a result, a
half-life for this high MW polymer of >180 days leads to a potential for Very High persistence.

Water Aerobic Recalcitrant (Estimated) Professional judgment; Boethling [High MW synthetic polymers are
Biodegradation and Nabholz, 1997 expected to be non-biodegradable
according to polymer assessment
literature.
Volatilization Half-life |>1 year (Estimated) Professional judgment Based on the magnitude of the
for Model River estimated Henry’s Law constant.
Volatilization Half-life |>1 year (Estimated) Professional judgment Based on the magnitude of the
for Model Lake estimated Henry’s Law constant.
Soil Aerobic No data located.
Biodegradation
Anaerobic Anaerobic Biodegradation OECD 311 Dow, 2009a Guideline study.
Biodegradation study exhibited no biodegradation after 62
days (Measured)
Soil Biodegradation No data located.
with Product
Identification
Sediment/Water No data located.
Biodegradation
Air Atmospheric Half-life No data located.
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Butadiene styrene brominated copolymer CASRN 1195978-93-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Reactivity Photolysis Photodegradation was detected in studies | Dow, 2007h; Dow, 2009¢c Bromine substituents may be
using the bulk polymer and the polymer in susceptible to photolysis in the
foam; 9,600 ppm water extractable environment; however, this is
bromide was detected from 0.022 g of bulk expected to be a relatively slow
polymer samples by IC-MS after 30 days process for a high MW brominated
of light exposure from a Xenon arc lamp polymer and is not anticipated to
with a UV glass filter limiting wavelengths result in the ultimate degradation of
below 290 nm at 28-39°C (Measured) this substance.

Hydrolysis Not susceptible to hydrolysis according to [Dow, 20079 Guideline study.
OECD 111 based on average DOC values
of:
1.76 £ 0.51 mg/L at pH 1.2;
0.81 + 0.30 mg/L at pH 4;
1.25+0.35 mg/L at pH 7;
1.33+0.40 mg/L at pH 9
obtained from 914 + 112 mg/L of sample
at 49.9 °C for 5 days (Measured)
Other This polymer is stable in PEG400 for 21  |Dow, 2007i This study demonstrates the stability

days; 2.5-250 mg/mL samples analyzed by of this compound in PEG400.
HPLC/RI (Measured)

Environmental Half-Life

>180 days (Estimated)

Professional judgment

The substance is a high MW
synthetic polymer and is not
anticipated to be assimilated by
microorganisms. Therefore,
biodegradation is not expected to be
an important removal process. It is
also not expected to undergo removal
by other degradative processes under
environmental conditions.
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PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Bioaccumulation

LOW: Due to the large size and limited bioavailability of the high MW brominated polymer, it is of low
potential for bioconcentration or bioaccumulation.

Fish BCF

<100 (Estimated)

Professional judgment; Boethling
and Nabholz, 1997

Cutoff value for large, high MW,
insoluble polymers according to
polymer assessment literature.

BAF

No data located.

Metabolism in Fish

No data located.

ENVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

No data located.

Ecological Biomonitoring

No data located.

Human Biomonitoring

This chemical was not included in the NHANES biomonitoring report (CDC, 2011).
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TBBPA-bis brominated ether derivative

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, I/, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

This table contains hazard information for each chemical; evaluation of risk considers both hazard and exposure. Variations in end-of-life processes or degradation and combustion
by-products are discussed in the report but not addressed directly in the hazard profiles. The caveats listed below must be taken into account when interpreting the information in the

table.
8§ Based on analogy to experimental data for a structurally similar compound. ¥ Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may

not be adequate for poorly soluble substances such as many flame retardants that may partition to sediment and particulates.
¥ Aquatic toxicity: EPA/DTE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants

that may partition to sediment and particulates.

Aquatic Environmental
Human Health Effects Toxicity Fate

Acute Toxicity
Carcinogenicity
Genotoxicity
Reproductive
Developmental
Neurological
Repeated Dose
Skin Sensitization
Respiratory
Sensitization

Eye Irritation
Dermal Irritation
Acute

Chronic
Persistence
Bioaccumulation

Chemical CASRN

TBBPA-bis brominated ether
derivative®

Fen
=
=
=
=
[
=
Mo
-
[
-
-
I

97416-84-7
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TBBPA-bis brominated ether derivative

Br Br CASRN: 97416-84-7

MW: 971.68

MF: C23H24Br302

Physical Forms:

O Br B
r )
Bry Neat: Solid
Br O ‘ O Use: Flame retardant
Br
Br

SMILES: BrCC(Br)(C)COclc(Br)cc(C(C)(C)c2ce(Br)c(OCC(Br)(C)CBr)c(Br)c2)cclBr

Synonyms: Benzene, 1,1'-(1-methylethylidene)bis[3,5-dibromo-4-(2,3-dibromo-2-methylpropoxy)] (CA Index Name for CASRN 97416-84-7); 1,1'-
(Isopropylidene)bis(3,5-dibromo-4-(2,3-dibromo-2-methylpropoxy)benzene); 1,1'-Propane-2,2-diylbis[3,5-dibromo-4-(2,3-dibromo-2-methylpropoxy)benzene]; 1,3-
Dibromo-5-[2-[3,5-dibromo-4-(2,3-dibromo-2-methylpropoxy)phenyl]propan-2-yl]-2-(2,3-dibromo-2-methylpropoxy)benzene; 2,2-Bis[4-(2,3-dibromopropoxy)-3,5-
dibromophenyl] propane.

Trade Names: PYROGUARD SR-130; SR-130

Chemical Considerations: This is a discrete organic chemical with a MW <1,000. EPI v 4.0 was used to estimate physical/chemical and environmental fate values
as required. No measured values were incorporated into the estimations.
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Polymeric: No
Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: None identified; although this compound contains a TBBPA backbone, degradation of this compound to
TBBPA has not been demonstrated in a published study. The hazards of the theoretical degradation products were not considered in this hazard assessment.

Analog: TBBPA bis(2,3-dibromopropyl) ether (CASRN 21850-44-2)
Endpoint(s) using analog values: Acute Mammalian Toxicity, Genotoxicity,
Repeated Dose Effects

Analog: Confidential analog

Endpoint(s) using analog values: Acute Mammalian Toxicity, Carcinogenicity,
Reproductive and Developmental Toxicity, Repeated Dose Effects, Skin
Sensitization

Analog Structure:

Br Br Br
H\/O o
Br B

Tetrabromobisphenol A bis(2,3-dibromopropyl) ether (CASRN 21850-44-2)

\/[Br
Br

r

Structural Alerts: Polyhalogenated aromatic hydrocarbons, Immunotoxicity (EPA, 2011a)

Risk Phrases: Not classified by Annex VI Regulation (EC) No. 1272/2008 (ESIS, 2011)

Hazard and Risk Assessments: None identified
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TBBPA-bis brominated ether derivative CASRN 97416-84-7

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

Approximately 115 (Measured)

Eurosarm MSDS, 2010

Reported for PYROGUARD SR-130,
containing approximately 100%
CASRN 97416-84-7.

Approximately 110 (Measured)

DKS, 2012

Reported for the commercial product
PYROGUARD SR-130 (>90.4%
purity of TBBPA-bis brominated
ether derivative CASRN 97416-84-
7); no study details provided.

Boiling Point (°C)

>300 (Estimated by analogy)

EPI; EPA, 1999

Decomposition is expected before the
boiling point is reached based on
analogy to TBBPA
bis(2,3-dibromopropyl) ether. This
value is the cutoff for high boiling
point compounds according to HPV
assessment guidance.

260 decomposes (Measured)

DKS, 2012

Reported for the commercial product
PYROGUARD SR-130 (>90.4%
purity of TBBPA-bis brominated
ether derivative CASRN 97416-84-
7); no study details provided.

Vapor Pressure (mm Hg)

<3.3x10° at 25°C (Measured)

ICL-IP, 2011

No experimental details were
provided; however, this value is
consistent with expected values based
on the chemical structure and is
adequate as an upper limit.

Water Solubility (mg/L)

<4.2x10™ at 25°C (Measured)

ICL-IP, 2011

No experimental details were
provided; however, this value is
consistent with expected values based
on the chemical structure and is
adequate as an upper limit.
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TBBPA-bis brominated ether derivative CASRN 97416-84-7

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

<1x10? (Measured)

Eurosarm MSDS, 2010

Nonspecific value reported as < 1 g/L
for PYROGUARD SR-130,
containing approximately 100%
CASRN 97416-84-7.

0.020 (Measured)

DKS, 2012

Reported for the commercial product
PYROGUARD SR-130 (>90.4%
purity of TBBPA-bis brominated
ether derivative CASRN 97416-84-
7); no study details provided.

Log Kow

12 (Estimated)

EPI; EPA, 1999

Estimated value is greater than the
cutoff value, >10, according to
methodology based on HPV
assessment guidance.

Flammability (Flash Point)

Non-flammable (Estimated)

Professional judgment

No experimental data located; based
on its use as a flame retardant.

Explosivity Not expected to form explosive mixtures [Professional judgment No experimental data located; based
with air (Estimated) on its use as a flame retardant.
Pyrolysis DfE assessment methodology indicates  [Professional judgment Based on analysis of the chemical
that chemicals that contain both halogens structure.
and aromatic rings have the potential to
form potentially hazardous compounds
under high temperature conditions
(Estimated)
pH Not applicable Professional judgment Does not contain functional groups
that are expected to ionize under
environmental conditions.
pKa Not applicable Professional judgment Does not contain functional groups

that are expected to ionize under
environmental conditions.
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Dermal Absorption in vitro

No data located.

Absorption,
Distribution,
Metabolism &
Excretion

Oral, Dermal or
Inhaled

Not absorbed through the skin as a neat
material and poor absorption through skin
when in solution; poor absorption through
the lung and gastrointestinal tract;
expected to be a poor alkylating agent due
to low water solubility

(Estimated by analogy)

Professional judgment

Based on a closely related
confidential analog with similar
structure and functional groups.
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TBBPA-bis brominated ether derivative CASRN 97416-84-7

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Following single or repeated (5 or

10 days) oral administration of 20 mg/kg
[*C]-TBBPA bis(2,3-dibromopropyl)
ether to male F-344 rats, the compound
was poorly absorbed from the
gastrointestinal tract and uptake to the

The Cpax (0.6 pg/mL) occurred 7.4 hours
after dosing. Distribution to the tissues
accounted for <1% of the dose at

96 hours, while 95% of the dose (in [**C]
equivalents) was excreted in the feces
within 36 hours of administration.
Elimination in the urine accounted for
<0.1% of the administered dose, and 1%
of the dose (as metabolites) was excreted
in the bile after 24 hours.

(Estimated by analogy)

systemic circulation was considered slow.

Knudsen et al., 2007; Professional
judgment

Estimated based on data for the
analog TBBPA
bis(2,3-dibromopropyl) ether; study
details reported in primary source.

Acute Mammalian Toxicity

LOW: Estimated based on analogy to TBBPA bis(2,3-dibromopropyl) ether. Available experimental oral
and dermal LDs, values for the analog TBBPA bis(2,3-dibromopropyl) ether are >2,000 mg/kg and an
inhalation LCs, value for the analog is >20 mg/L.

Acute Lethality

Oral Mouse LDsy >20,000 mg/kg IPCS, 1995; Professional Estimated based on data for the
(Estimated by analogy) judgment analog TBBPA
bis(2,3-dibromopropyl) ether; limited
study details reported in a secondary
source.
Dermal Mouse LDsy >20,000 mg/kg IPCS, 1995; Professional Estimated based on data for the

(Estimated by analogy)

judgment

analog TBBPA
bis(2,3-dibromopropyl) ether; limited
study details reported in a secondary

Source.

4-132




TBBPA-bis brominated ether derivative CASRN 97416-84-7

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY
Inhalation Mouse LCs, >87,000 mg/m? (87 mg/L)  |Great Lakes Chemical Estimated based on data for the
(Estimated by analogy) Corporation, 1982b; Professional |analog TBBPA
judgment bis(2,3-dibromopropyl) ether; limited
study details reported in a secondary
source.

Carcinogenicity

MODERATE: No data located. Estimated to have potential for carcinogenicity based on the potential for

alkylation and professional judgment.

Oncologic Results

No data located.

Carcinogenicity (Rat
and Mouse)

Potential for carcinogenic effects based on|Professional judgment
the potential for alkylation, although this
compound is expected to be a poor
alkylating agent due to low water
solubility

(Estimated by analogy)

Based on a closely related
confidential analog with similar
structure and functional groups;
expected to be a poor alkylating
agent; however, there is still potential
for alkylating activity.

Combined Chronic
Toxicity/
Carcinogenicity

No data located.
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TBBPA-bis brominated ether derivative CASRN 97416-84-7

PROPERTY/ENDPOINT DATA | REFERENCE ‘ DATA QUALITY

Genotoxicity MODERATE: Estimated based on analogy to TBBPA bis(2,3-dibromopropyl) ether. The analog TBBPA
bis(2,3-dibromopropyl) ether was mutagenic to Salmonella typhimurium but did not cause chromosomal
aberrations in Chinese hamster ovary (CHO) cells (in vitro), was negative in an in vivo micronucleus assay in
mice and did not produce unscheduled DNA synthesis in rats.

Gene Mutation in vitro |Positive, Ames assay (standard plate) in  |Great Lakes Chemical Estimated based on data for the
Salmonella typhimurium strains TA1535 [Corporation, 1982a; Professional [analog TBBPA
and TA100 with and without metabolic  [judgment bis(2,3-dibromopropyl) ether.
activation and TA98 without metabolic
activation
(Estimated by analogy)
Gene Mutation in vivo No data located.
Chromosomal Negative chromosomal aberrations in IPCS, 1995; Professional Estimated based on data for the
Aberrations in vitro Chinese hamster ovary (CHO) cytogeneticjjudgment analog TBBPA
assay with and without metabolic bis(2,3-dibromopropyl) ether.

activation (precipitation was observed at
the highest concentration) (Estimated by

analogy)
Chromosomal Negative for micronucleated NTP, 2011; Professional Estimated based on data for the
Aberrations in vivo polychromatic erythrocytes in B6C3F1  |judgment analog TBBPA
mice bis(2,3-dibromopropyl) ether.
(Estimated by analogy)
DNA Damage and Negative for unscheduled DNA synthesis |IPCS, 1995; Professional Estimated based on data for the
Repair assay in Sprague-Dawley rats at 10, 50,  [judgment analog TBBPA
100, 500 and 1,000 pg/mL bis(2,3-dibromopropyl) ether.
(Estimated by analogy)
Other (Mitotic Gene No data located.

Conversion)
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Reproductive Effects

MODERATE: Estimated based on a mechanistic consideration of its potential to act as an alkylating agent

using professional judgment.

Reproduction/
Developmental
Toxicity Screen

Although this compound is likely to be a
poor alkylating agent due to low water
solubility, the potential exists for
alkylation. Based on mechanistic
considerations of this potential for
alkylation, there is potential for
reproductive effects.

(Estimated by analogy)

Professional judgment

Based on a closely related
confidential analog with similar
structure and functional groups;
expected to be a poor alkylating
agent; however, there is still potential
for alkylating activity.

Combined Repeated
Dose with
Reproduction/
Developmental
Toxicity Screen

No data located.

Reproduction and
Fertility Effects

No data located.

Developmental Effects

MODERATE: Estimated based on a mechanistic consideration of its potential to act as an alkylating agent

using professional judgment.

Reproduction/
Developmental
Toxicity Screen

Although this compound is likely to be a
poor alkylating agent due to low water
solubility, the potential exists for
alkylation. Based on mechanistic
considerations of this potential for
alkylation, there is potential for
developmental effects.

(Estimated by analogy)

Professional judgment

Based on closely related confidential
analogs with similar structures and
functional groups; expected to be a
poor alkylating agent, however, there
is still potential for alkylating activity.

Combined Repeated
Dose with
Reproduction/
Developmental
Toxicity Screen

No data located.

Prenatal Development

No data located.

Postnatal Development

No data located.
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Neurotoxicity

LOW: Low potential for neurotoxicity estimated based on expert judgment. No data located.

Neurotoxicity
Screening Battery
(Adult)

Low potential for neurotoxicity
(Estimated)

Expert judgment

Estimated based on expert judgment.

Repeated Dose Effects

MODERATE: Estimated based on anal
as TBBPA-bis brominated ether derivat

ogy to a confidential analog. The

re is also potential for liver toxicity

ive is a highly brominated compound.

Potential for liver effects based on a
mechanistic consideration of this highly
brominated compound

(Estimated by analogy)

Professional judgment

Based on a closely related
confidential analog with similar
structure and functional groups.

Mice were administered TBBPA
bis(2,3-dibromopropyl) ether in their diet
at 200 or 2,000 mg/kg-day for 90 days.
There were no deaths or gross
abnormalities

IPCS, 1995; Professional
judgment

(Estimated by analogy)

Based on the analog TBBPA
bis(2,3-dibromopropyl) ether; limited
study details reported in a secondary
source.

Skin Sensitization

LOW: No data located. Estimated to have low potential for skin sensitization based a closely related
confidential analog and professional judgment. There is some potential for skin sensitization based on a
mechanistic consideration of the potential for alkylation.

Skin Sensitization

Potential for skin sensitization based on a
mechanistic consideration of the potential
for alkylation, although this compound is

expected to be a poor alkylating agent due
to low water solubility

(Estimated by analogy)

Professional judgment

Based on a closely related
confidential analog with similar
structure and functional groups;
expected to be a poor alkylating
agent; however, there is still potential
for alkylating activity.

Not sensitizing, guinea pigs
(Estimated by analogy)

Submitted Confidential Study

Estimated by analogy to a closely
related confidential analog. Reported
in a submitted confidential study;
Study conducted according to GLP.

Respiratory Sensitization

No data located.

Respiratory
Sensitization

No data located.

Eye Irritation

LOW: Estimated not to cause eye irritation based on expert judgment. No experimental data located.
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Eye Irritation

Low potential for eye irritation
(Estimated)

Expert judgment

Estimated based on expert judgment.

Dermal Irritation

LOW: Estimated not to cause dermal irritation based on expert judgment. No experimental located.

Dermal Irritation

Low potential for dermal irritation
(Estimated)

Expert judgment

Estimated based on expert judgment.

Endocrine Activity

Estimated based on analogy to TBBPA bis(2,3-dibromopropyl) ether. Based on four in vitro assays, the
analog TBBPA bis(2,3-dibromopropyl) ether can interact with the endocrine system. The analog TBBPA
bis(2,3-dibromopropyl) ether may have potential estrogenic and transthyretin-binding effects; it appears to
inhibit sulfation of estradiol (E2), but does not exhibit estrogenic activity via interference with estrogen
receptors (ER); it does not appear to interfere with aryl hydrocarbon receptor (AhR)-mediated, androgenic
or progestagenic pathways. The analog TBBPA bis(2,3-dibromopropyl) ether competed with thyroid
hormone precursor thyroxine (T4) for binding to human transthyretin (TTR), but did not exhibit thyroid

hormone (T3) mimicking activity.

Negative; did not cause inhibition of
CYPL17 catalytic activity in human H295R
adrenocortical carcinoma cells

(Estimated by analogy)

Canton et al., 2006; Professional
judgment

Based on the analog TBBPA
bis(2,3-dibromopropyl) ether; data
taken from primary study.

Positive for estradiol sulfotransferase
(E2SULT)-enzyme inhibition in E2SULT
assay

(Estimated by analogy)

Hamers et al., 2006; Professional
judgment

Based on the analog TBBPA
bis(2,3-dibromopropyl) ether; data
taken from primary study.

Negative for agonistic and antagonistic
interactions with AhR, androgen,
progesterone and estrogen receptors in
series of CALUX assays

(Estimated by analogy)

Hamers et al., 2006; Professional
judgment

Based on the analog TBBPA
bis(2,3-dibromopropyl) ether; data
taken from primary study.

Positive for displacement of thyroid
hormone precursor T4 from plasma
transport protein in TTR binding assay
(Estimated by analogy)

Hamers et al., 2006; Professional
judgment

Based on the analog TBBPA
bis(2,3-dibromopropyl) ether; data
taken from primary study.

Negative for potentiating and antagonistic
activity with T3-mediated cell
proliferation in T-screen

(Estimated by analogy)

Hamers et al., 2006; Professional
judgment

Based on the analog TBBPA
bis(2,3-dibromopropyl) ether; data
taken from primary study.
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TBBPA-bis brominated ether derivative CASRN 97416-84-7

PROPERTY/ENDPOINT

DATA
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Immunotoxicity

Potential for immunotoxicity based on the presence of the polyhalogenated aromatic hydrocarbons
structural alert and professional judgment.

Immune System Potential for immunotoxicity based on the EPA, 2011a; Professional Estimated based on the presence of a
Effects presence of the polyhalogenated aromatic [judgment structural alert.
hydrocarbons structural alert
ECOTOXICITY
ECOSAR Class Halo Ethers
Acute Aquatic Toxicity LOW: Based on estimated acute toxicity values for fish, Daphnid, and green algae that suggest no effects at

saturation (NES).

Fish LCx

Fish 96-hour LCs, = 3.01x10° mg/L
ECOSAR class: Halo ethers

ECOSAR V. 1.10

NES: The log K, of 12.4 for this
chemical exceeds the SAR limitation
for the log K,,, of 8.0; NES are
predicted for these endpoints.

Fish 96-hour LCs, = 3.47x10" mg/L
ECOSAR class: Neutral organics

ECOSAR V. 1.10

NES: The log K, of 12.4 for this
chemical exceeds the SAR limitation
for the log K., of 8.0.; NES are
predicted for these endpoints.
Narcosis classes (neutral organics) are
provided for comparative purposes;
DfE assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.
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Daphnid LCsg

Daphnid 48-hour LCs = 1.33x10° mg/L

ECOSAR class: Neutral organics

ECOSAR v. 1.10

NES: The log K, of 12.4 for this
chemical exceeds the SAR limitation
for the log K,,, of 8.0; NES are
predicted for these endpoints.
Narcosis classes (neutral organics) are
provided for comparative purposes;
DfE assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

Green Algae ECx,

Green Algae 96-hour = 1.31x10° mg/L
ECOSAR class: Neutral organics

ECOSAR V. 1.10

NES: The log K, of 12.4 for this
chemical exceeds the SAR limitation
for the log Koy, of 8.0; NES are
predicted for these endpoints.
Narcosis classes (neutral organics) are
provided for comparative purposes;
DfE assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

Chronic Aquatic Toxicity

LOW: Based on estimated chronic toxicity values for fish, Daphnid, and

green algae that suggest NES.

Fish ChV

Fish ChV = 1.68x10" mg/L
ECOSAR class: Halo ethers

ECOSAR V. 1.10

NES: The log of 12.4 for this
chemical exceeds the SAR limitation
for the log K,,, of 8.0; NES are

predicted for these endpoints.
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Fish ChV = 1.06x10" mg/L
ECOSAR class: Neutral organics

ECOSAR v. 1.10

NES: The log K, of 12.4 for this
chemical exceeds the SAR limitation
for the log K,,, of 8.0; NES are
predicted for these endpoints.
Narcosis classes (neutral organics) are
provided for comparative purposes;
DfE assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

Daphnid ChV

Daphnid ChV = 7.33x10" mg/L
ECOSAR class: Neutral organics

ECOSAR V. 1.10

NES: The log K, of 12.4 for this
chemical exceeds the SAR limitation
for the log K,,, of 8.0; NES are
predicted for these endpoints.
Narcosis classes (neutral organics) are
provided for comparative purposes;
DfE assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

Green Algae ChV

Green Algae ChV = 4.59x10" mg/L
ECOSAR class: Neutral organics

ECOSAR V. 1.10

NES: The log K, of 12.4 for this
chemical exceeds the SAR limitation
for the log K,,, of 8.0; NES are
predicted for these endpoints.
Narcosis classes (neutral organics) are
provided for comparative purposes;
DfE assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action

relative to narcosis.

ENVIRONMENTAL FATE
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Transport

TBBPA-bis brominated ether derivative is expected to have low mobility in soil based on estimations
indicating strong absorption to soil. If released to the atmosphere, TBBPA-bis brominated ether derivative is
likely to exist solely as particulate. Therefore, atmospheric removal will occur through wet or dry deposition
as opposed to atmospheric oxidation. Based on the Henry’s Law constant, volatilization from water or moist
soil is not expected to occur at an appreciable rate. Fugacity models indicate that TBBPA-bis brominated
ether derivative will partition predominantly to soil.

Henry’s Law Constant

<10° (Estimated) EPI; Professional judgment Cutoff value for non-volatile

(atm-m*/mole) compounds.

Sediment/Soil >30,000 (Estimated) EPI; EPA, 2005 Cutoff value for non-mobile
Adsorption/Desorption compounds.

Coefficient — K

Level 11l Fugacity Air = <1% (Estimated) EPI These results were obtained without

Model Water = 5% incorporating measured values;
Soil = 95% suitable experimental values were not
Sediment = <1% available.
Persistence HIGH: High persistence of TBBPA-bis brominated ether derivative is expected. Aerobic biodegradation is
not expected to be an important removal process, based on analog data. Although anaerobic biodegradation
(by dehalogenation) may occur, the rate is likely to be low, and any such transformation will only lead to
intermediate products that have essentially the same environmental properties. In other words, if emission to
the environment occurs at any rate greater than negligible, this substance will accumulate. TBBPA-bis
brominated ether derivative will exist primarily in the particulate phase in the atmosphere and is not
expected to undergo removal by gas-phase oxidation reactions; however due to its properties, it is not
expected to be released or transported to the atmosphere to a significant degree. TBBPA-bis brominated
ether derivative is not anticipated to undergo removal by hydrolysis, since it does not contain hydrolyzable
functional groups.
\Water Aerobic Recalcitrant (Primary survey model) EPI Not expected to be an important fate
Biodegradation Recalcitrant (Ultimate survey model) process.
\Volatilization Half-life [>1 year (Estimated) EPI Based on the magnitude of the
for Model River estimated Henry’s Law constant.
\/olatilization Half-life |>1 year (Estimated) EPI Based on the magnitude of the
for Model Lake estimated Henry’s Law constant.
Soil Aerobic No data located.

Biodegradation
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Anaerobic Probable (Anaerobic-methanogenic EPI Not expected to be an important fate
Biodegradation biodegradation probability model) process.
Soil Biodegradation w/ No data located.
Product Identification
Sediment/Water No data located.
Biodegradation
Air Atmospheric Half-life [8.3 hours (Estimated) EPI Estimate for gas-phase process. Given
that the material is expected to exist
as a particulate in the atmosphere, the
rate of this process will be attenuated,
and it is not expected to be an
important fate process.
Reactivity Photolysis No data located.
Hydrolysis Not a significant fate process (Estimated) [Mill, 2000; Professional judgment|The substance does not contain

functional groups that would be
expected to hydrolyze readily under
environmental conditions.

Environmental Half-life

>180 days (Estimated)

PBT Profiler; EPI

Half-life estimated for the
predominant compartment (soil), as
determined by EPI and the PBT
Profiler methodology.
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Bioaccumulation

HIGH: High potential for bioaccumulation based on an estimated BAF of 1,600.

Fish BCF <76-94 at a concentration of 0.001 mg/L; [DKS, 2012 This test is most appropriately applied
<9-45 at a concentration of 0.01 mg/L in to organic chemicals with K, values
Carp (Cyprinus carpio) of 1.5-6.0; the experimental set up did

not include exposure through food.

According to "Bioconcentration test of
chemical substances in fish Reported for the commercial product
and shellfish" (Japanese notification, PYROGUARD SR-130 (>90.4%
Yakushokuhatsu 0331 No.7, Heisei purity of TBBPA-bis brominated
23.03.29 Seikyoku No.5, Kanpokihatsu ether derivative CASRN 97416-84-7).
N0.110331009, March 31, 2011;
latest revision, April 2, 2012) and OECD
Test Guideline 305C
(Measured)

BAF 1,600 (Estimated) EPI

Metabolism in Fish No data located.

NVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

No data located.

Ecological Biomonitoring

No data located.

Human Biomonitoring

This chemical was not included in the NHANES biomonitoring report (CDC, 2011).
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TBBPA bis(2,3-dibromopropyl) ether

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, I/, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

This table contains hazard information for each chemical; evaluation of risk considers both hazard and exposure. Variations in end-of-life processes or degradation and combustion
by-products are discussed in the report but not addressed directly in the hazard profiles. The caveats listed below must be taken into account when interpreting the information in the

table.

¥ Aquatic toxicity: EPA/DTE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants
that may partition to sediment and particulates.

Aquatic Environmental

Human Health Effects Toxicity Fate

Acute Toxicity
Carcinogenicity
Genotoxicity
Reproductive
Developmental
Neurological
Repeated Dose
Skin Sensitization
Respiratory
Sensitization

Eye Irritation
Dermal Irritation
Acute

Chronic
Persistence
Bioaccumulation

Chemical CASRN

r
<
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u
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TBBPA bis(2,3-dibromopropyl) ether* 21850-44-2 |
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TBBPA bis(2,3-dibromopropyl) ether

Br CASRN: 21850-44-2
Br Br Br .
MW: 943.62
6] )
H\/ Br MF: C,HxBrgO,
Br Physical Forms:
Br Br Neat: Solid
Use: Flame retardant

SMILES: O(clc(ce(cclBr)C(clec(c(OCC(Br)CBr)c(cl)Br)Br)(C)C)Br)CC(Br)CBr

Synonyms: Benzene, 1,1'-(1-methylethylidene)bis[3,5-dibromo-4-(2,3-dibromopropoxy)-; 1,1'-(1-Methylethylidene)bis(3,5-dibromo-4-(2,3-
dibromopropoxy))benzene; 1,1'-(1-Methylethylidene)bis[3,5-dibromo-4-(2,3-dibromopropoxy)]benzene; 1,1'-(Isopropylidene)bis(3,5-dibromo-4-(2,3-
dibromopropoxy)benzene); 1,1'-(isopropylidene)bis[3,5-dibromo-4-(2,3-dibromopropoxy)benzene]; 1,1'-propane-2,2-diylbis[3,5-dibromo-4-(2,3-
dibromopropoxy)benzene]; 2,2-Bis[3,5-dibromo-4(2,3-dibromopropoxy)phenyl]propane; 2,2-Bis[3,5-dibromo-4-(2,3-dibromopropyloxy)phenyl]propane; 2,2-Bis[4-
(2,3-dibromopropoxy)-3,5-dibromophenyl]propane; 3,3’,5,5’-Tetrabromobisphenol A bis92,3-dibromopropyl) ether; 4,4’-Isopropylidenebis[2,6-dibromo-1-(2,3-
dibromopropoxy)benzene]; 403AF; Bis(2,3-dibromopropoxy)tetrabromobisphenol A; Bromcal 66.8; Bromkal 66-8; D 5532; Dibromopropydian; FG 3100; FR 720;
Fire guard 3100; Flame Cut 121K; Flame Cut 121R; GX 5532; Propane, 2,2-bis[3,5-dibromo-4-(2,3-dibromopropoxy)phenyl]-; PE-68; Pyroguard SR 720; SR 720;
SAYTEX HP-800 A; HP-800 AG; HP-800 AGC; Tetrabromobisphenol A bis(2,3-dibromopropyl ether); Tetrabromobisphenol A bis(2,3-dibromopropyl) ether;
Tetrabromobisphenol-A-bis-2,3-dibromopropy! ether Tetrabromobisphenol-A-bis-2,3-dibromopropylether; TBBPA-DBPE

Chemical Considerations: This is a discrete organic chemical with a MW below 1,000. EPI v 4.0 was used to estimate physical/chemical and environmental fate
values as required. Measured values for available endpoints were incorporated into the estimations.

Polymeric: No
Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: None identified; although this compound contains a TBBPA backbone, degradation of this compound to
TBBPA has not been demonstrated in a published study. The hazards of the theoretical degradation products were not considered in this hazard assessment.

Analog: No analog Analog Structure: Not applicable
Endpoint(s) using analog values: Not applicable

Structural Alerts: Polyhalogenated aromatic hydrocarbons, immunotoxicity (EPA, 2011).

Risk Phrases: Not classified by Annex | Directive 67/548/European Economic Community & IUCLID (Pakalin et al., 2007).

Hazard and Risk Assessments: Risk assessment complete for TBBPA bis(2,3-dibromopropyl) ether by the European Chemicals Bureau in 2007 (Pakalin et al.,
2007).
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DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

117 (Measured)

Tokyo Chemical Industry Co.,
2010; ChemSpider, 2011

Selected value for assessment.

114 (Measured)

NICNAS, 2001

Sufficient details were not available
to assess the quality of this study;
value reported in a secondary source.

90-100 (Measured)

IPCS, 1995; Great Lakes
Chemical Corporation, 1982a

95 (Measured)

Mack, 2004

These reported values may be for a
commercial mixture.

107.3 (Measured) ECHA, 2013 Nonguideline, non-good laboratory
Reported as a range 104.3-116.6 using practice (GLP) study reported in a
Optical melting determination secondary source.
113.39 (Measured) ECHA, 2013 Nonguideline, non-GLP study
Differential scanning calorimeter reported in a secondary source.
Boiling Point (°C) Decomposition at >270 (Measured) IPCS, 1995 Decomposition is expected before the
boiling point is reached.
Vapor Pressure (mm Hg) 2.2 +0.15 x 10" at 20°C ECHA, 2013 Guideline study reported for FR-720
Static test according to Organisation of in a secondary source.
Economic Cooperation and Development
(OECD) TG 104 (Vapor pressure curve)
and EU Method A.4 (Vapor Pressure);
GLP study; Purity of test substance 95.1%
(Measured)
<10°® (Estimated) EPI; EPA, 1999 Cutoff value for nonvolatile

compounds according to HPV
assessment guidance.
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PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY

Water Solubility (mg/L) <10 (Estimated) EPI; EPA, 1999 Cutoff value for non-soluble
compounds according to HPV
assessment guidance.

1x10° (Measured) IPCS, 1995 Inadequate; these values are not

<1x10° (Measured) NICNAS, 2001 consistent with a nonpolar, highly
brominated material with a MW near
1,000.

<0.1 mg/L (Measured) ECHA, 2013 Cutoff value from a guideline study

Reported as 0.144 pg/L at 20°C using reported in a secondary source.

OECD TG 105 (Water solubility) column

elution method; GLP-study;

Radiochemical purity of test substance

(**C-TBBPA-DBPE) > 99%.

Log Kow 12 (Estimated) EPI; EPA, 1999 Estimated value is greater than the
cutoff value, >10, according to
methodology based on HPV
assessment guidance.

Flammability (Flash Point) Autoignition: 740°C (Measured) ECHA, 2013 Nonguideline study; purity of test

Ignition produced orange flame; according substance TDBPE 720 not stated.

to IEC 61241-2-1 Method B Minimum Reported in a secondary source.
ignition; GLP study

Autoignition: >500 mJ (Measured) ECHA, 2013 Nonguideline; purity of test substance

No ignition was observed; according to
IEC 61241-2-3 Minimum ignition energy;
GLP study

TDBPE 720 not stated. Reported in a
secondary source.

Explosivity Not expected to form explosive mixtures |Professional judgment No experimental data located; based
with air (Estimated) on its use as a flame retardant.

Pyrolysis No data located.

pH Not applicable Professional judgment Does not contain functional groups

that are expected to ionize under
environmental conditions.

4-149




TBBPA bis(2,3-dibromopropyl) ether CASRN 21850-44-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

pPKa

Not applicable

Professional judgment

Does not contain functional groups
that are expected to ionize under
environmental conditions.

HUMAN HEALTH EFFECTS

Toxicokinetics

TBBPA bis(2,3-dibromopropyl) ether, as a neat material, is estimated not to be absorbed through the skin,
to have poor skin absorption when in solution, and to have poor absorption via the lungs and
gastrointestinal tract. An experimental study in rats showed that the majority (95%) of TBBPA bis(2,3-
dibromopropyl) ether is rapidly eliminated in the feces following single or multiple oral doses and
absorption is slow and minimal. However, if absorbed, TBBPA bis(2,3-dibromopropyl) ether is slowly
eliminated from the blood, with the liver being the main organ for deposition.

Dermal Absorption in vitro

No data located.

Absorption, Oral, Dermal or Inhaled
Distribution,
Metabolism &
Excretion

Not absorbed through the skin as a neat
material and poor absorption through
skin when in solution; poor absorption
through the lung and gastrointestinal
tract. (Estimated by analogy)

Professional judgment

Based on closely related
confidential analogs with similar
structures, functional groups, and
physical/chemical properties.

Following single or repeated (5 or 10
days) oral administrations of 20 mg/kg
[*C]-TBBPA bis(2,3-dibromopropyl)
ether to male F-344 rats, the compound
was poorly absorbed from the
gastrointestinal tract and uptake to the
systemic circulation was considered
slow. The Cpax (0.6 pg/mL) occurred at
7.4 hours after dosing. Distribution to the
tissues accounted for <1% of the dose at
96 hours while 95% of the dose (in [**C]
equivalents) was excreted in the feces
within 36 hours of administration.
Elimination in the urine accounted for
<0.1% of the administered dose and 1%
of the dose (as metabolites) was excreted
in the bile after 24 hours.

Knudsen et al., 2007; ECHA,
2013

Study details reported in primary
source.
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Other

Male Fischer-344 rats were dosed with
TBBPA-DBPE by IV administration.
Fecal excretion of [**C] equivalents was
27% by 36h, 71% by 96h. Urinary
elimination was minimal (<0.1%). A
single peak that co-eluted with the
standard of TBBPA-DBPE was detected
in extracts of whole blood following IV
administration. TBBPA-DBPE
elimination from the blood was slow.
Kinetic constants following IV dosing
were: tip: 24.8h; CL,: 0.1mL/min.
Systemic bioavailability was 2.2%. Liver
was the major site of disposition.

ECHA, 2013

Well conducted study. Not
performed according to GLP and
standard testing guidelines.

Acute Mammalian

Acute Lethality

Corporation, 1982b

Toxicity LOW: Based on oral and dermal LDs, values >2, 000 mg/kg and an inhalation LCs, value >20 mg/L.
Oral Mouse LDs, >20,000 mg/kg IPCS, 1995 Limited study details reported in a
secondary source.

Rat oral LDsq > 2,000 mg/kg ECHA, 2013 Sufficient study details reported in a
secondary source. GLP study
conducted using OECD guidelines.

Dermal Mouse LDs, >20,000 mg/kg IPCS, 1995 Limited study details reported in a
secondary source.

Rat dermal LDs, > 2,000 mg/kg ECHA, 2013 Sufficient study details reported in a
secondary source. GLP study
conducted using OECD guidelines.

Inhalation Mouse LCs, >87,000 mg/m? (87 mg/L) Great Lakes Chemical Limited study details reported in a

secondary source.

Rat 1 hr-inhalation LCg, >24.4 mg/L;
Whole-body exposure to dust.

ECHA, 2013

Sufficient study details reported in a
secondary source.

Carcinogenicity

MODERATE: No data located. Estimated to have potential for carcinogenicity based on the potential for

alkylation and professional judgment.

| OncoL ogic Results

| No data located.
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Carcinogenicity (Rat
and Mouse)

There is potential for carcinogenicity
effects based on a mechanistic
consideration of the potential for
alkylation (Estimated)

Professional judgment

Based on mechanistic
considerations.

Combined Chronic
Toxicity/
Carcinogenicity

No data located.

Genotoxicity

MODERATE: TBBPA bis(2,3-dibromopropyl) ether was mutagenic to Salmonella typhimurium in one
assay, while it was negative in other assays in S. Typhimurium and E. coli. This substance was also negative
for mutagenicity in mouse lymphoma cells. TBBPA bis(2,3-dibromopropyl) ether is also estimated to have
potential for genotoxicity based on the potential for alkylation. TBBPA bis(2,3-dibromopropyl) ether did
not cause chromosomal aberrations or sister chromatid exchanges in Chinese hamster ovary (CHO)

cells (in vitro), was negative in an in vivo micronucleus assay in mice and did not produce unscheduled DNA

synthesis in rats.

Gene Mutation in vitro

There is potential for mutagenicity based
on a mechanistic consideration of the
potential for alkylation. (Estimated)

Professional judgment

Based on closely related
confidential analogs with similar
structures and functional groups.

Positive, Ames assay (standard plate) in
Salmonella typhimurium strains TA1535
and TA100 with and without metabolic
activation and TA98 without metabolic
activation.

Great Lakes Chemical
Corporation, 1982a; ECHA,
2013

Sufficient study details reported.

Negative, Salmonella typhimurium
strains TA1535, TA1537, TA100 and
TA98 and Escherichia coli Wp2uvrA
with and without metabolic activation.

Submitted confidential study;
ECHA, 2013

Reported in a submitted confidential
study; Study conducted according to
GLP

Negative, mouse lymphoma L5178Y
cells with and without metabolic
activation.

Submitted confidential study;
ECHA, 2013

Reported in a submitted confidential
study; Study conducted according to
GLP

Gene Mutation in vivo

No data located.
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Chromosomal
Aberrations in vitro

Negative chromosomal aberrations in
Chinese hamster ovary (CHO)
cytogenetic assay with and without
metabolic activation (precipitation was
observed at the highest concentration).

IPCS, 1995

Reported in a secondary source.

Negative, sister chromatid exchanges in
Chinese hamster ovary (CHO) cells with
and without metabolic activation.

Submitted confidential study

Reported in a submitted confidential
study; Study conducted according to
GLP

Chromosomal
Aberrations in vivo

Negative for micronucleated
polychromatic erythrocytes in B6C3F1
mice.

NTP, 2011; ECHA, 2013

Reported in a secondary source.

DNA Damage and
Repair

Negative for unscheduled DNA synthesis
assay in Sprague Dawley rats at 10, 50,
100, 500 or 1,000 pg/mL.

IPCS, 1995

Reported in a secondary source.

Other (Mitotic Gene
Conversion)

Negative, unscheduled DNA synthesis,
rat hepatocytes.

Submitted confidential study

Reported in a submitted confidential
study; Study conducted according to
GLP

Reproductive Effects

MODERATE: Estimated to have potential for reproductive effects based on the potential for alkylation and

professional judgment.

Reproduction/
Developmental Toxicity
Screen

There is potential for reproductive
effects based on a mechanistic
consideration of the potential for
alkylation (Estimated)

Professional judgment

Based on mechanistic
considerations.

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

No data located.

Reproduction and
Fertility Effects

No data located.

4-153
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Developmental Effects

MODERATE: Estimated to have potential for developmental effects based on the potential for alkylation

and professional judgment.

Reproduction/
Developmental Toxicity
Screen

There is potential for developmental
effects based on a mechanistic
consideration of the potential for
alkylation (Estimated)

Professional judgment

Based on mechanistic
considerations.

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

No data located.

Prenatal Development

No data located.

Postnatal Development

No data located.

Neurotoxicity

LOW: Estimated not to have potential for neurotoxicity based on expert

judgment; no data located.

Neurotoxicity Screening
Battery (Adult)

Low potential for neurotoxicity.
(Estimated)

Expert judgment

Estimated based on expert

judgment.

Repeated Dose Effects

MODERATE: There is potential for liver toxicity because TBBPA bis(2,3-dibromopropyl) ether is a highly
brominated compound and potential for immunotoxicity associated with polyhalogenated aromatic
hydrocarbon structure. Located data were insufficient.

Potential for liver effects based on a
mechanistic consideration of this highly
brominated compound

(Estimated)

Professional judgment

Based on closely related
confidential analogs with similar
structures and functional groups.

Mice were administered TBBPA bis(2,3-
dibromopropyl) ether in their diet at 200
or 2,000 mg/kg-day for 90 days. No
deaths, or abnormal symptoms observed
in gross pathological examination.
NOAEL = 2,000 mg/kg-day (highest
dose tested)

IPCS, 1995; ECHA, 2013

Limited study details reported in a
secondary source. Reported study
details were not sufficient to
evaluate the study quality and were
considered insufficient to determine
a hazard designation.

Potential for immunotoxicity based on
polyhalogenated aromatic hydrocarbons
structure.

EPA, 2011; Professional
judgment

Estimated based on the presence of
a structural alert.
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Skin Sensitization

LOW: Not a skin sensitizer in guinea pigs. There is potential for skin sensitization based on the potential for

alkylation.

Skin Sensitization

There is potential for skin sensitization
based on a mechanistic consideration of
the potential for alkylation.

Professional judgment

Based on mechanistic
considerations.

Not sensitizing, guinea pigs

Submitted confidential study;
ECHA, 2013

Reported in a submitted confidential
study; Study conducted according to
GLP

Respiratory Sensitization

No data located.

Respiratory
Sensitization

No data located.

Eye Irritation

LOW: Minimal eye irritation in rabbits

clearing within 48 hours.

Eye Irritation

Low potential for eye irritation.
(Estimated)

Expert judgment

Estimated based on expert
judgment.

Workers report development of eye
irritation following exposure to a
complex mixture of airborne
contaminants that included TBBPA
bis(2,3-dibromopropyl) ether.

Great Lakes Chemical
Corporation, 1999

Evidence is based on isolated
incidents and workers were exposed
to a complex mixture of airborne
contaminants while melt processing
that uses thermoplastic resin
formulators containing this
substance as an additive.

Minimal irritation, rabbits; irritation was
reversed within 24-48 hours.

Submitted confidential study;
ECHA, 2013

Reported in a submitted confidential
study; Study conducted according to
GLP and OECD guidelines.

Dermal Irritation

LOW: Not a skin irritant in rabbits.

Dermal Irritation

Low potential for dermal irritation.
(Estimated)

Expert judgment

Estimated based on expert
judgment.

Negative, rabbits

Submitted confidential study;
ECHA, 2013

Reported in a submitted confidential
study; Study conducted according to
GLP and OECD guidelines.
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Workers report development of dermal
irritation following exposure to a
complex mixture of airborne
contaminants that included TBBPA
bis(2,3-dibromopropyl) ether.

Great Lakes Chemical
Corporation, 1999

Evidence is based on isolated
incidents and workers were exposed
to a complex mixture of airborne
contaminants while melt processing
that uses thermoplastic resin
formulators containing this
substance as an additive.

Endocrine Activity

Based on 4 in vitro assays, TBBPA bis(2,3-dibromopropyl) ether can interact with the endocrine system.
TBBPA bis(2,3-dibromopropyl) ether may have potential estrogenic and transthyretin-binding effects.
TBBPA bis(2,3-dibromopropyl) ether appears to inhibit sulfation of estradiol (E2), but does not exhibit
estrogenic activity via interference with estrogen receptors (ER). TBBPA bis(2,3-dibromopropyl) ether also
does not appear to interfere with AhR-mediated, androgenic or progestagenic pathways. TBBPA bis(2,3-
dibromopropyl) ether competed with thyroid hormone precursor thyroxine (T4) for binding to human
transthyretin (TTR), but did not exhibit thyroid hormone (T3) mimicking activity.

Negative; did not cause inhibition of
CYPL17 catalytic activity in human
H295R adrenocortical carcinoma cells.

Canton et al., 2006

Data taken from primary study.

Positive for estradiol sulfotransferase
(E2SULT)-enzyme inhibition in
E2SULT assay.

Hamers et al., 2006

Data taken from primary study.

Negative for agonistic and antagonistic
interactions with aryl hydrocarbon
(AhR), androgen (AR), progesterone
(PR), and estrogen (ER) receptors in
series of CALUX assays.

Hamers et al., 2006

Data taken from primary study.

Positive for displacement of thyroid
hormone precursor thyroxine (T4) from
plasma transport protein in TTR binding
assay.

Hamers et al., 2006

Data taken from primary study.

Negative for potentiating and
antagonistic activity with T3-mediated
cell proliferation in T-screen.

Hamers et al., 2006

Data taken from primary study.
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Immunotoxicity

Potential for immunotoxicity based on the presence of polyhalogenated aromatic hydrocarbon structure

and professional judgment.

Immune System Effects

Potential for immunotoxicity based on
the presence of polyhalogenated
aromatic hydrocarbon structure.
(Estimated)

EPA, 2011; Professional
judgment

Estimated based on the presence of
a structural alert.

ECOTOXICITY

ECOSAR Class

Halo ethers

Acute Aquatic Toxicity LOW: Based on experimental and estimated acute toxicity values for fish, daphnid, and algae that suggest
no effects at saturation (NES).
Fish LCx Fish 96-hour LCs, = 1.5x10° mg/L ECOSAR version 1.11 NES: The log K, of 12 for this

(Estimated)
ECOSAR: Halo ethers

chemical exceeds the structure
activity relationship (SAR)
limitation for log K, of 5.0; NES
are predicted.

Fish 96-hour LCs = 2.2x10° mg/L
(Estimated)
ECOSAR: Neutral organics

ECOSAR version 1.11

NES: The log K, of 12 for this
chemical exceeds the SAR
limitation for log K, of 5.0; NES
are predicted. Narcosis classes
(neutral organics) are provided for
comparative purposes; DfE
assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

Fish (Oryzias latipes) 96-hour LCs, >
500 mg/L;
Semi-static conditions.

ECHA, 2013

Sufficient study details reported in a
secondary source. GLP study
conducted using OECD and
Japanese guidelines. The value
exceeds the estimated water
solubility; NES are predicted.
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Fish (Oncorhynchus mykiss) 96-hour
LCso> 100 mg/L;
Static conditions.

ECHA, 2013

Sufficient study details reported in a
secondary source. GLP study
conducted using OECD guidelines.
The value exceeds the estimated
water solubility; NES are predicted.

Daphnid LCsg

Daphnia 48-hour LCs, = 3.01x10° mg/L

(Estimated)
ECOSAR: Neutral organics

ECOSAR version 1.11

NES: The log K, of 12 for this
chemical exceeds the SAR
limitation for log K, of 5.0; NES
are predicted. Narcosis classes
(neutral organics) are provided for
comparative purposes; DfE
assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

Daphnia magna 48-hour ECs, > 100
mg/L;

Water accommodated fraction (WAF)
nominal concentration.

ECHA, 2013

Sufficient study details reported in a
secondary source. GLP study
conducted using OECD guidelines.
The value exceeds the estimated
water solubility; NES are predicted.

Green Algae ECx,

Green algae 96-hour ECs, = 8.48x10°
® mg/L

(Estimated)

ECOSAR: Neutral organics

ECOSAR version 1.11

NES: The log K, of 12 for this
chemical exceeds the SAR
limitation for log K, of 6.4; NES
are predicted. Narcosis classes
(neutral organics) are provided for
comparative purposes; DfE
assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.
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Green algae (Pseudokirchneriella
subcapitata) 48 and 72-hour ECsy
(growth rate/biomass) > 100 mg/L;
WAF nominal concentration.

ECHA, 2013

Sufficient study details reported in a
secondary source. GLP study
conducted using OECD guidelines.
The value exceeds the estimated
water solubility; NES are predicted.

Chronic Aquatic Toxicity

LOW: Based on estimated chronic toxic

ity values for fish, daphnid and green algae that suggest NES.

Fish ChVv

Fish ChV = 8.78x10" mg/L
(Estimated)
ECOSAR: Halo ethers

ECOSAR version 1.11

NES: The log K, of 12 for this
chemical exceeds the SAR
limitation for log K, of 8.0; NES
are predicted.

Fish ChV = 6.6x10" mg/L
(Estimated)
ECOSAR: Neutral organics

ECOSAR version 1.11

NES: The log K, of 12 for this
chemical exceeds the SAR
limitation for log K, of 8.0; NES
are predicted. Narcosis classes
(neutral organics) are provided for
comparative purposes; DfE
assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

Daphnid ChV

Daphnid ChV = 3.38x10° mg/L
(Estimated)
ECOSAR: Neutral organics

ECOSAR version 1.11

NES: The log K, of 12 for this
chemical exceeds the SAR
limitation for log K, of 8.0; NES
are predicted. Narcosis classes
(neutral organics) are provided for
comparative purposes; DfE
assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.
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Green Algae ChV

Green Algae ChV =0.00016 mg/L
(Estimated)
ECOSAR: Neutral organics

ECOSAR version 1.11

NES: The log K, of 12 for this
chemical exceeds the SAR
limitation for log K, of 8.0; NES
are predicted. Narcosis classes
(neutral organics) are provided for
comparative purposes; DfE
assessment methodology will use
the lowest estimated toxicity value
provided by ECOSAR classes that
have a more specific mode of action
relative to narcosis.

ENVIRONMENTAL FATE

Transport

Evaluation of TBBPA bis(2,3-dibromopropyl) ether transport is based entirely on estimations from
quantitative structure activity relationships. TBBPA bis(2,3-dibromopropyl) ether is expected to have low
mobility in soil based on estimations indicating strong absorption to soil. If released to the atmosphere,
TBBPA bis(2,3-dibromopropyl) ether is likely to exist solely as particulate. As a particulate, atmospheric
oxidation is not expected to be a significant route of environmental removal. Based on the Henry’s Law
Constant, volatilization from water or moist soil is not expected to occur at an appreciable rate. Level 111
fugacity models indicate that TBBPA bis(2,3-dibromopropyl) ether will partition predominantly to sediment

Reported as log Koc >>5.63at 25°C;
OECD TG 121: Estimation of Adsorption
Coefficient on Soil and Sewage Sludge
(HPLC); GLP-study

and soil.
Henry’s Law Constant  |{<10°® (Estimated) EPI; Professional judgment Cutoff value for nonvolatile
(atm-m*/mole) compounds.
Sediment/Soil >30,000 (Estimated) EPI; EPA, 2005 Cutoff value for nonmobile
Adsorption/Desorption compounds.
Coefficient — Ko >30,000 (Measured) ECHA, 2013 Guideline study reported in a

secondary source, although the
experimental values were outside the
scope of the protocol (log K¢ 1.5-
5.0); radiochemical purity of test
substance (TBBPA-bis(2,3-
dibromopropyl ether)) >99%.
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>30,000 (Measured)

Reported as log K¢ values of 6.1 (soil)
and 7.6 (sludge) at pH 7.0; OECD
Guideline 121: Estimation of Adsorption
Coefficient on Soil and Sewage Sludge
(HPLC); GLP-study

ECHA, 2013

Guideline study reported in a
secondary source, although the
experimental values were outside the
scope of the protocol (log Koc 1.5-
5.0); purity of test substance (FR-720)
not stated.

Level 111 Fugacity Model

Air: <1% (Estimated)
Water = 5%

Soil = 95%
Sediment: <1%

EPI

Persistence

VERY HIGH: High persistence of TBBPA bis(2,3-dibromopropyl) ether is expected as a result of located
biodegradation studies and the absence of other expected likely removal processes under environmental
conditions. In the course of a 28-day Japanese Ministry of International Trade and Industry (MITI) test, only
1% of TBBPA bis(2,3-dibromopropyl) ether was degraded. TBBPA bis(2,3-dibromopropyl) ether will exist
primarily in the particulate phase in the atmosphere and is not expected to undergo removal by gas phase
oxidation reactions. It is also not anticipated to undergo removal by hydrolysis.

Water

Aerobic Biodegradation

1% after 4 weeks

OECD 301C; test concentration of

100 mg/L and concentration of activated
sludge inoculum of 30 mg/L (Measured)

MITI, 2007

Adequate, guideline study.

Passes Ready Test: No
Test method: OECD TG 301B: CO;,
Evolution Test

1% degradation after 29 days using an
activated sludge inoculum. (Measured)

ECHA, 2013

Adequate, guideline study reported in
a secondary source; purity of test
substance FR-720 is 95%.

Volatilization Half-life for
Model River

>1 year (Estimated)

EPI

Volatilization Half-life for
Model Lake

>1 year (Estimated)

EPI
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Soil Aerobic Biodegradation |0% degradation after 120 days in soil; ECHA, 2013 Adequate guideline study reported in
OECD TG 307:Aerobic and Anaerobic a secondary source with **C-TBBPA-
Transformation in Soil; test concentration DBPE. No transformation products
of 70.0 kBg/40 g soil dry weight; GLP- were observed; degradation assessed
study (Measured) with 4 different soil types.
Anaerobic 0% degradation after 100 days in natural |ECHA, 2013 Adequate, guideline study reported in
Biodegradation sediment; OECD TG 308: Aerobic and a secondary source with **C-TBBPA-
Anaerobic Transformation in Aquatic DBPE.Degradation results assessed
Sediment Systems; GLP-study (Measured) with 2 sediment types, material mass
balance was reported for both types:
1.98% in water and 84.48% in
sediment.
Soil Biodegradation w/ No data located.
Product Identification
Sediment/Water No data located.
Biodegradation
Air Atmospheric Half-life 12 hours (Estimated) EPI
Reactivity Photolysis No data located.
Hydrolysis 50%/>1 year at 50°C and pH 4, 7, and 9 Adequate, guideline study reported in

OECD TG 111: Hydrolysis as a function
of pH and OPPTS 835.21 10: Hydrolysis
as a function of pH; GLP study

a secondary source. Test substance
purity (PE-68; CASRN 21850-44-2)
not stated, no degradation was
observed after 5 days in triplicate
samples prepared for each pH level.
The substance does not contain
functional groups that would be
expected to hydrolyze readily under
environmental conditions.

Environmental Half-life

>180 days (Estimated)

PBT Profiler; EPI

Half-life estimated for the
predominant compartment (soil), as
determined by EPI and the PBT
Profiler methodology.
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Aguatic mesocosm study; a controlled
source of TBBPA bis(2,3-dibromopropyl)
ether was applied and analyzed by GC-MS
over the course of the study. TBBPA
bis(2,3-dibromopropyl) ether was detected
in both the particulate and sediment
compartments. Degradation products were
detected but not all were identified.
(Measured)

de Jourdan, et al., 2013

Nonguideline field study providing
supporting data about the partitioning
and fate/persistence of this compound
under environmental conditions.

Bioaccumulation

HIGH: Based on an estimated BAF of 12
bioaccumulation is high.

,000 and its detection in Great Lakes Herring gull eggs, potential for

Fish BCF 3.4 to 43 (15 pg/L concentration) MITI, 2007 Adequate, guideline study.
<17 to 130 (1.5 ng/L concentration)
(Measured)

BAF 12,000 (Estimated) EPI

Metabolism in Fish No data located.

ENVIRONMENTAL MONITORING AN

D BIOMONITORING

Environmental Monitoring

TBBPA bis(2,3-dibromopropyl) ether was identified in dust collected near an artificial stream and pond system in
Berlin, Germany (Harju et al., 2009); in sewage sludge samples from southern China; in sediments from southern
China (Shi et al., 2009) and in water, sediment and soil along the Liuyang River in China (Qu et al., 2011).

Ecological Biomonitoring

Detected in Great Lakes Herring gull eggs (Letcher and Chu, 2010).

Human Biomonitoring

(CDC, 2011).

This chemical was not included in the National Health and Nutrition Examination Survey biomonitoring report
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