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EXECUTIVE SUMMARY

This draft risk evaluation for hexabromocyclododecane (HBCD) was performed under the auspices of
the Frank R. Lautenberg Chemical Safety for the 21% Century Act and disseminated for public comment
and peer review. The Frank R. Lautenberg Chemical Safety for the 21% Century Act amended the Toxic
Substances Control Act, the Nation’s primary chemicals management law, on June 22, 2016. As per
EPA’s final rule, Procedures for Chemical Risk Evaluation Under the Amended Toxic Substances
Control Act (82 FR 33726), EPA is taking comment on, and will also obtain peer review on, this draft
risk evaluation for HBCD. All conclusions, findings, and determinations in this document are subject to
comment.

The Agency published the Scope of the Risk Evaluation for HBCD (U.S. EPA, 2017d) in June 2017, and
the Problem Formulation for Cyclic Aliphatic Bromide Cluster (HBCD) in June 2018 (U.S. EPA
2018f), which represented the analytical phase of risk evaluation in which “the purpose for the
assessment is articulated, the problem is defined, and a plan for analyzing and characterizing risk is
determined” as described in Section 2.2 of the Framework for Human Health Risk Assessment to Inform
Decision Making. The EPA received comments on the published problem formulation for HBCD and
has considered the comments specific to HBCD, as well as more general comments regarding the EPA’s
chemical risk evaluation approach for developing the draft risk evaluations for the first 10 chemicals the
EPA is evaluating.

TSCA § 26(h) requires EPA to use scientific information, technical procedures, measures, methods,
protocols, methodologies and models consistent with the best available science and base its decisions on
the weight of the scientific evidence.). To meet the TSCA § 26(h) science standards, EPA used the
TSCA systematic review process described in the Application of Systematic Review for TSCA Risk
Evaluations document (U.S. EPA. 2018b). The process complements the risk evaluation process in that
the data collection, data evaluation and data integration stages of the systematic review process are used
to develop the exposure, fate and hazard assessments.

The cyclic aliphatic bromide cluster chemicals, including HBCD (Chemical Abstracts Service Registry
Number [CASRN] 25637-99-4), 1,2,5,6,9,10-hexabromocyclododecane (1,2,5,6,9,10-HBCD; CASRN
3194-55-6 are flame retardants. Uses for 1,2,5,6-tetrabromocyclooctane have not been identified. For the
purposes of this draft risk evaluation document, the use of “HBCD” refers to this cluster of chemicals.
The primary use of HBCD is as a flame retardant in expanded polystyrene and extruded polystyrene;
however EPA identified other uses including use as a component of solder and use in automobile
replacement parts.

The manufacturing, importation, and use of HBCD has rapidly declined in the U.S. and globally over the
past ten years due to international regulation and the availability of substitutes. Annual production
volumes were consistently 10-50 million lbs. from 2007 to 2011. From 2012 to 2015, production fell to
1-10 million lbs./year (Chemical Data Reporting (CDR)). Additional communications with industry
representatives indicate that, as of 2018, domestic manufacture of HBCD has ceased. Use of stockpiles
and exportation from the United States was completed at the end of 2017 and is further discussed in
Section 1.2.2 of this draft risk evaluation. Under the Stockholm Convention, 171 of the 188 Parties
(countries) have agreed to ban the production, use, import, and export of HBCD, consistent with the
obligations of that Convention (SCCH, 2018a, b). The United States is not a signatory to the
Convention.
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EPA believes that manufacturing by large manufacturers is no longer ongoing based on communication
with industry and it is assumed that for small manufacturers, it would be cost prohibitive to produce
HBCD in small quantities. Although HBCD is no longer manufactured in the U.S., it is still possible to
import HBCD. Based on one third party source (Datamyne), HBCD was imported in 2016 and 2017,
however, no import volume was reported for 2018. The 2016 CDR data only includes data through 2015
and therefore the more recent import volumes reported through Datamyne have not yet been reported to
CDR. Importation of HBCD in small quantities of under 100,000 lbs. (CDR threshold for small
businesses) is possible. Historically, the main use of HBCD was in EPS and XPS in construction
insulation boards. According to EPS and XPS associations, the major processors of EPS and XPS have
stopped using HBCD. It is possible, however, that smaller processors may still be using the chemical,
although evidence of this has not been found and EPA has not received information that this is occuring.
For these reasons, EPA concludes that the import of HBCD and processing of HBCD for use in EPS and
XPS insulation is possible and therefore included in the scope of this risk evaluation.

EPA has also included in this draft risk evaluation the processing of HBCD to manufacture automobile
replacement parts and solder paste. The determination for automobile replacement parts and solder paste
are supported by data that became available since publication of the Problem Formulation in 2018. In
November 2018, an automotive industry association provided a list of 155 automobile replacement parts
that contain HBCD and are actively produced. The processing of solder paste is based on newly
available 2017 TRI data, which shows production-related waste management quantities of HBCD (i.e.
from recyling, energy recovery, treatment, disposal, and releases) totaling less than 800 pounds from
four reporting facilities. Two of the facilities are manufacturers that stopped producing HBCD by 2018.
A third facility stopped using HBCD for manufacture of coatings in 2018, and one continued to process
HBCD in 2018 for the manufacture of solder paste.

EPA included the recycling of HBCD-containing EPS and XPS insulation boards in this risk evaluation.
HBCD was broadly used in EPS and XPS insulation boards, historically, and the recycling of EPS and
XPS construction material was found to occur. While environmental exposures are expected to decline
as importing and processing of the chemical are phased out, based on past production volumes (millions
of pounds per year) and that cessation of domestic manufacturing is recent, reductions in environmental
and biological concentrations will likely occur gradually over a period of time for this persistent and
bioaccumulative compound. The time scales for this are dependent on the age of the products, their
useful service lives and time lines for replacement.

In the problem formulation, EPA identified the conditions of use and presented conceptual models and
an analysis plan for this draft risk evaluation. The conditions of use evaluated for HBCD, as further
described in Section 1.4.1 of the draft risk evaluation for HBCD, include:

e Importation of HBCD

e Processing of flame retardants: use in custom compounding of resin and solder paste

e Processing of flame retardants: use in manufacture of XPS and EPS foam; use in manufacture of
structural insulated panels; use in automobile replacement parts from XPS and EPS foam
Processing: recycling of XPS and EPS foam, resin, panels containing HBCD; plastic articles
Distribution: activities related to distribution
Building and construction materials
Automobile replacement parts
Disposal
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In this draft risk evaluation, EPA quantitatively evaluated the risk to the environment and health for the
conditions of use described in Section 1.4.1 of this draft risk evaluation using both modeling and
monitoring approaches. EPA evaluated risk to workers and occupational non-users (ONUs are workers
who do not directly handle HBCD but perform work in an area where HBCD is present) from inhalation
and dermal exposures by comparing the estimated occupational exposures to acute and chronic human
health hazards. EPA also evaluated the risk to consumer, general and highly exposed populations from
inhalation, dermal and oral exposures, including exposures to consumer articles and mouthing of
recycled articles by children. Lifestages from infants to adults were included in the draft evaluation, by
comparing the estimated exposures to acute and chronic human health hazards. In addition, EPA
quantitatively evaluated risk to aquatic vertebrates, invertebrates, and aquatic plants from exposure to
surface water and sediment; and risk to terrestrial species from exposure to soils.

HBCD is present and persistent in various environmental media such as surface water, sediment, soil
and air. EPA quantitatively evaluated inhalation, ingestion and dermal exposures to the general
population; potentially exposed or susceptible populations via exposure to indoor and ambient air;
dermal contact with soil and dust and oral exposures via ingestion of food, breast milk, soil, dust and
fish.

While environmental exposures are expected to decline as importing and processing of the chemical are
being phased out, based on past production volumes (millions of pounds per year) and that cessation of
domestic manufacturing is recent, reductions in environmental and biological concentrations will likely
occur gradually over a period of time for this persistent and bioaccumulative compound. The time scales
for this are dependent on the age of the products, their useful service lives and time lines for
replacement.

Approach
EPA used reasonably available information, defined as information that EPA possesses, or can

reasonably obtain and synthesize for use in risk evaluations, considering the deadlines for completing
the evaluation, in a fit for purpose approach, to develop risk evaluations that rely on the best available
science and are based on the weight of scientific evidence. EPA used previous analyses as a starting
point for identifying key and supporting studies to inform the fate, exposure, and hazard assessments.
EPA evaluated other studies that were published since these reviews. EPA reviewed the information and
evaluated the quality of the methods and reporting of results of the individual studies using the
evaluation strategies described in Application of Systematic Review in TSCA Risk Evaluations (U.S.
EPA, 2018a).

EPA utilized environmental fate parameters, physical-chemical properties, monitoring data and
modeling approaches to assess ambient water exposure to aquatic organisms, sediments and soil
exposure to terrestrial species. The exposure and environmental hazard analyses for the environmental
release pathways for ambient water exposure to aquatic organisms, sediments, and soils was conducted
based on a quantitative assessment predicted environmental concentrations in the environment. A
quantitative comparison of exposures (see Section 2.3.2 to 2.3.6) and hazards (see Section 3.1) for
aquatic and terrestrial organisms.

In the human hazard section, EPA evaluated reasonably available information and identified hazard
endpoints including acute/chronic toxicity, non-cancer effects, associated with inhalation, oral and
dermal exposures. EPA used an approach based on the Framework for Human Health Risk Assessment
to Inform Decision Making (U.S. EPA, 2014e) to evaluate, extract and integrate HBCD’s human health
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hazard and dose-response information. EPA reviewed key and supporting information from previous
hazard assessments as well as the existing body of knowledge on HBCD’s human health hazards. These
data sources' included the TRI Technical Review of HBCD (U.S. EPA, 2016c¢), the TSCA Work Plan
Problem Formulation and Initial Assessment, (U.S. EPA, 2015), Preliminary Materials for the IRIS
Toxicological Review of HBCD (U.S. EPA, 2014f) as well as other publications (U.S. EPA, 2016c,
2014d; NICNAS, 2012a; EC/HC, 2011; EINECS, 2008; U.S. EPA, 2008a; OECD, 2007b). Additional
scientific support from the EPA’s Office of Research and Development subsequent to the listed
publications also contributed to the human health hazard assessment.

The EPA considered adverse effects for HBCD across organ systems. EPA considered data on toxicity
following acute and chronic exposures, for irritation, sensitization, genotoxicity, reproductive,
developmental and other systemic toxicity and carcinogenicity. From these effects, the EPA selected
endpoints supported by the evidence for non-cancer that were amenable to quantitative analysis for
dose-response assessment as discussed in more detail in Section 3.2.5. Based on the weight of the
evidence evaluation, four health effect domains were selected for non-cancer dose-response analysis: (1)
thyroid; (2) liver; (3) female reproductive; and (4) developmental. These hazards were carried forward
for dose-response analysis. Given the different HBCD exposure scenarios considered (both acute and
chronic), different endpoints were used based on the expected exposure durations.

Potentially Exposed Susceptible Subpopulations

TSCA § 6(b)(4) requires that EPA conduct a risk evaluation to “determine whether a chemical
substance presents an unreasonable risk of injury to health or the environment, without consideration of
cost or other non-risk factors, including an unreasonable risk to a potentially exposed or susceptible
subpopulation identified as relevant to the risk evaluation by the Administrator, under the conditions of
use.” TSCA § 3(12) states that “the term ‘potentially exposed or susceptible subpopulation’ means a
group of individuals within the general population identified by the Administrator who, due to either
greater susceptibility or greater exposure, may be at greater risk than the general population of adverse
health effects from exposure to a chemical substance or mixture, such as infants, children, pregnant
women, workers, or the elderly.”

In developing the draft risk evaluation, the EPA analyzed the reasonably available information to
ascertain whether some human receptor groups may have greater exposure than the general population
to the hazard posed by a chemical. The results of the available human health data for all routes of
exposure evaluated (i.e., oral, dermal and inhalation) indicate that there is no evidence of increased
susceptibility for any single group relative to the general population. Exposures of HBCD would be
expected to be higher amongst workers and occupational non-users (ONUs) using HBCD as compared
to the general population. Exposures of HBCD would be expected to be higher amongst individuals
exposed to scenario-specific exposures, from releases to water, air, and consumer articles as compared
to the general population. In particular, exposures resulting from ingestion of fish consumption are
expected to be the largest contributor to overall dose given the persistent and bioaccumulative properties
of HBCD.

Risk Determination

In each risk evaluation under TSCA section 6(b), EPA determines whether a chemical substance
presents an unreasonable risk of injury to health or the environment, under the conditions of use. In
making this determination, EPA considered relevant risk-related factors, including, but not limited to:
the effects of the chemical substance on health and human exposure to such substance under the

' HBCD does not have an existing EPA IRIS Assessment.
Page 26 of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3350607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809277
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809131
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3350607
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2533762
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443965
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1937209
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443914
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1937211
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809146

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

conditions of use (including cancer and non-cancer risks); the effects of the chemical substance on the
environment and environmental exposure under the conditions of use; the population exposed (including
any potentially exposed or susceptible subpopulations); the severity of hazard (including the nature of
the hazard, the irreversibility of the hazard); and uncertainties. EPA considered the confidence in the
data used in the risk estimates and whether estimates might be over estimates or underestimates of risk.
The rationale for the risk determination is located in 5.2.

Environmental Risks:

There is no evidence that domestic manufacturing or import of HBCD is occurring. With this
understanding in mind, EPA relied on available environmental monitoring data to estimate risk to
aquatic and sediment-dwelling organisms. The modeling incorporated several assumptions that could
overestimate exposures, such as the production volumes for certain conditions of use and the levels of
removal assumed prior to release. A key uncertainty related to the use of the monitoring data is that the
levels of HBCD found in the environment cannot be attributed to a particular condition of use. However,
assuming that the monitored concentration values are attributed to each of the conditions of use
individually in this evaluation, the Agency views this as a conservative approach that does not
underestimate risk for any particular condition of use. Another uncertainty introduced by using the
monitoring data is that the data was collected between 5-10 years ago at a time when the use of HBCD
was significantly more widespread and at much higher volumes that is currently the case. For terrestrial
mammals, EPA used a model to estimate potential exposure and subsequent risks to mammals via
consumption of contaminated aquatic prey. Based on the model, some risk quotients exceeded the
Agency’s benchmark for a terrestrial mammal, however there are sources of uncertainty in the model
that may lead to over estimation of exposure and calculated risk.

Overall while there are some risk estimates higher than Agency benchmarks, EPA determined that
HBCD does not present unreasonable risk to the environment under the identified conditions of use.

Workers and Occupational Non-Users (ONUs):

For the conditions of use (Processing: Repacking of Import Containers, Processing: Compounding of
Polystyrene Resin to Produce XPS Masterbatch, Processing: Manufacturing of XPS Foam using HBCD
Powder and Processing: Formulation of Flux/Solder Paste), inhalation and dermal exposure scenarios
for workers resulted in calculated MOEs below agency benchmarks. While risk estimates for pathways
of occupational exposure for the conditions of use (chronic inhalation exposures and chronic dermal
exposures) are below the Agency’s benchmarks in the absence of PPE, risk estimates for these pathways
are above those benchmarks when PPE was considered. Quantitative dermal risk estimates that account
for the use of gloves were not calculated for HBCD because the substance is in a solid form for this
condition of use such that the use of impervious gloves is expected to prevent exposures. Dermal
exposures are only expected for solder paste use for this condition of use. EPA expects exposures to
ONUs are significantly less than those for workers. Risk estimates for inhalation exposure to
occupational non-users were not quantified and dermal exposures to this population are not expected.
For inhalation, EPA assumes that exposures are significantly less likely for workers not directly
handling the chemical.

General Population and Highly Exposed Populations:
For human health, all risk estimates for the most highly exposed groups in the general population are
above Agency benchmarks. Therefore, risk is not unreasonable.
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EPA concludes that HBCD does not present an unreasonable risk of injury to the environment under all
conditions of use within the scope of the risk evaluation. (See Section 1.4.1). EPA makes this
determination without considering costs or other non-risk factors.

EPA concludes that HBCD does not present an unreasonable risk of injury to health for workers,
occupational non-users, consumers, and the general population by inhalation, oral, or dermal exposure
under all conditions of use within the scope of the risk evaluation. (See Section 1.4.1). EPA makes this
determination considering risk to potentially exposed or susceptible subpopulations identified as
relevant, and without considering costs or other non-risk factors.
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1 INTRODUCTION

This document presents for comment the draft risk evaluation for HBCD under the Frank R. Lautenberg
Chemical Safety for the 21% Century Act. The Frank R. Lautenberg Chemical Safety for the 21%' Century
Act amended the Toxic Substances Control Act, the Nation’s primary chemicals management law, in
June 2016.

The Agency published the Scope of the Risk Evaluation for HBCD (U.S. EPA, 2017d) in June 2017, and
the Problem Formulation for Cyclic Aliphatic Bromide Cluster (HBCD) in June 2018 (U.S. EPA
2018f), which represented the analytical phase of risk evaluation in which “the purpose for the
assessment is articulated, the problem is defined, and a plan for analyzing and characterizing risk is
determined” as described in Section 2.2 of the Framework for Human Health Risk Assessment to Inform
Decision Making.

The problem formulation identified the conditions of use and presented a conceptual model and an
analysis plan. Based on EPA’s analysis of the conditions of use, physical-chemical and fate properties,
environmental releases, and exposure pathways, the problem formulation preliminarily concluded that
further analysis was necessary for exposure pathways to ecological receptors, workers, consumers and
the general population. The mouthing of articles pathway was added to the conceptual model for the
draft risk evaluation. Further analysis was not conducted for the drinking water pathway based on a
qualitative assessment of the physical chemical properties and fate of HBCD in the environment.

In this draft risk evaluation, Section 1 presents the basic physical-chemical characteristics of HBCD, as
well as a background on regulatory history, conditions of use, and conceptual models, with particular
emphasis on any changes since the publication of the problem formulation. This section also includes a
discussion of the systematic review process utilized in this draft risk evaluation. Section 2 provides a
discussion and analysis of the exposures, both health and environmental, that can be expected based on
the conditions of use for HBCD. Section 3 discusses environmental and health hazards of HBCD
Section 4 presents the risk characterization, where EPA integrates and assesses reasonably available
information on health and environmental hazards and exposures, as required by TSCA (15 U.S.C
2605(b)(4)(F)). This section also includes a discussion of any uncertainties and how they impact the
draft risk evaluation. Section 5 presents EPA’s proposed determination of whether the chemical presents
and unreasonable risk under the conditions of use, as required under TSCA 15 U.S.C. 2605(b)(4).

As per EPA’s final rule, Procedures for Chemical Risk Evaluation Under the Amended Toxic
Substances Control Act (82 Fed. Reg. 33726 (July 20, 2017)), this draft risk evaluation will be subject to
both public comment and peer review, which are distinct but related processes. EPA is providing 60
days for public comment on any and all aspects of this draft risk evaluation, including the submission of
any additional information that might be relevant to the science underlying the risk evaluation and the
outcome of the systematic review associated with HBCD. This satisfies TSCA section 6(b)(4)(H) which
requires the EPA to provide public notice and an opportunity for comment on a draft risk evaluation
prior to publishing a final risk evaluation.

Peer review will be conducted in accordance with EPA’s regulatory procedures for chemical risk
evaluations, including using the EPA Peer Review Handbook and other methods consistent with section
26 of TSCA (See 40 CFR 702.45). As explained in the Risk Evaluation Rule, the purpose of peer review
is for the independent review of the science underlying the risk assessment. Peer review will therefore
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address aspects of the underlying science as outlined in the charge to the peer review panel such as
hazard assessment, assessment of dose-response, exposure assessment, and risk characterization.

As the EPA explained in the Risk Evaluation Rule (82 Fed. Reg. 33726 (July 20, 2017)), it is important
for peer reviewers to consider how the underlying risk evaluation analyses fit together to produce an
integrated risk characterization, which forms the basis of an unreasonable risk determination. EPA
believes peer reviewers will be most effective in this role if they receive the benefit of public comments
on draft risk evaluations prior to peer review. For this reason, a portion of the public comment period
will precede peer review on this draft risk evaluation. The final risk evaluation may change in response
to public comments received on the draft risk evaluation and/or in response to peer review, which itself
may be informed by public comments. EPA will respond to public and peer review comments received
on the draft risk evaluation and will explain changes made to the draft risk evaluation for HBCD in
response to those comments in the final risk evaluation.

EPA solicited input on the first 10 chemicals as it developed use documents, scope documents, and
problem formulations. At each step, the EPA has received information and comments specific to
individual chemicals and of a more general nature relating to various aspects of the risk evaluation
process, technical issues, and the regulatory and statutory requirements. EPA has considered comments
and information received at each step in the process and factored in the information and comments as
the Agency deemed appropriate and relevant including comments on the published problem formulation
of HBCD. Thus, in addition to any new comments on the draft risk evaluation, the public should re-
submit or clearly identify at this point any previously filed comments, modified as appropriate, that are
relevant to this risk evaluation and that the submitter feels have not been addressed (see specific
instructions and comment on Docket ID Number: EPA-HQ-OPPT-2016-0735). EPA does not intend to
further respond to comments submitted prior to the publication of this draft risk evaluation unless they
are clearly identified in comments on this draft risk evaluation.

1.1 Physical and Chemical Properties

Physical-chemical properties influence the environmental behavior and the toxic properties of a
chemical, thereby informing the potential conditions of use, exposure pathways and routes and hazards
that EPA intends to consider. For development of the draft risk evaluation, EPA considered the
measured or estimated physical-chemical properties set forth in Table 1-1. EPA found no additional
information during the risk evaluation that would change these values.

HBCD is a white odorless non-volatile solid that is used as a flame retardant. Technical HBCD is often
characterized as a mixture of mainly three diastereomers, which differ only in the spatial disposition of
the atoms. Commercial-grade HBCD may contain some impurities, such as tetrabromocyclododecene or
other isomeric HBCDs (UNEP, 2010), which are not included in this risk evaluation. The density of
HBCD is greater than that of water (2.24 g/cm?® at 20°C). It has low water solubility (66 pg/L at 20°C)
and a log octanol:water partition coefficient (log Kow) of 5.62.
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Table 1-1. Physical and Chemical Properties of HBCD

Property

Value ?

References

Molecular formula

C12HisBrs

Molecular weight

641.7 g/mole

Physical form White solid; odorless EINECS (2008)
Melting point Ranges from approximately: EINECS (2008)
172-184°C to 201-205°C
Boiling point >190°C (decomposes) EINECS (2008)
Density 2.24 g/cm3 EINECS (2008)
Vapor pressure 4.7E-07 mmHg at 21°C EINECS (2008)
Vapor density Not readily available EINECS (2008)
Water solubility 66 pg/L at 20°C EINECS (2008)

Octanol:water partition
coefficient (log Kow)

5.625 at 25°C

EINECS (2008)

Henry’s Law constant

7.4E-06 atm-m®/mole (estimated)

U.S. EPA (2012b)

Flash point Not readily available EINECS (2008)
Autoflammability Decomposes at >190°C EINECS (2008)
Viscosity Not readily available EINECS (2008)
Refractive index Not readily available EINECS (2008)
Dielectric constant Not readily available EINECS (2008)

2 Measured unless otherwise noted.

1.2 Uses and Production Volume

1.2.1 Data and Information Sources

The summary of use and production volume information for HBCD presented below is based on
research conducted for the Problem Formulation Document for Cyclic Aliphatic Bromide Cluster
(HBCD) and any additional information that was learned since the publication of that document. The
previous research was based on reasonably available information, including the Use and Market Profile
for HBCD, (EPA-HQ-OPPT-2016-0735-0049), public meetings, and meetings with companies, industry
groups, chemical users and other stakeholders to aid in identifying and verifying the conditions of use
included in this draft risk evaluation. The information and input received from the public, stakeholder
meetings and the additional contacts was incorporated into this section, as applicable.
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1.2.2 Domestic Manufacture of HBCD
Domestic manufacture of HBCD had ceased as of 2017 and is not intended, known to occur, or

reasonably foreseen, and is therefore not considered a condition of use under which EPA will evaluate
HBCD.

A shown in Table 1-2, data reported for the CDR period for 2016 for HBCD indicate that between 1 and
10 million pounds of each CASRN were manufactured in or imported into the United States in 2015; the
national production volume is CBI (U.S. EPA, 2016b). These are the most recent CDR data available.
The data provides an overview of the historic trends in production volume of HBCD. For both CASRN:Ss,
site-specific production volumes for the 2015 reporting year were withheld as TSCA CBI. Six firms
comprising nine sites are identified by the 2016 CDR as manufacturers or importers of HBCD:
Chemtura Corporation, Albemarle Corporation, Dow Chemical Company, Campine NV, BASF
Corporation, and Styropek USA, Inc (U.S. EPA, 2016b). ICL-IP2 previously manufactured an HBCD-
containing flame retardant marketed as FR-1206. This product has been discontinued, and ICL-IP has
reportedly ceased production of products containing HBCD (Anon, 2015). The 2016 CDR reporting data
for HBCD from EPA’s CDR database (U.S. EPA. 2016b) are provided in Table 1-2. Because CDR data
collection occurs every four years (next reporting period will be in 2020), this information has not
changed from that provided in the 2018 HBCD Problem Formulation Document.

Table 1-2. Production Volume (Manufacture and Import) of HBCD in CDR Reporting Period
2012 to 2015)?

Reporting Year 2012 2013 2014 2015

Total Aggregate CASRN 25637-99-4 |1-10 million |1-10 million |1-10 million |1-10 million

Production Volume (Ib)  |CASRN 3194-55-6  |10-50 million |10-50 million |1-10 million |1-10 million

2The CDR data for the 2016 reporting period is available via ChemView (https://java.epa.gov/chemview) (U.S. EPA,
2016b).

U.S. manufacturers have indicated complete replacement of HBCD in their product lines (U.S. EPA
20171) and that depletion of stockpiles and cessation of export was completed in 2017, based on
communications with recent manufacturers. Communication with Chemtura (Lanxess Solutions, US)
indicates that the company has not manufactured HBCD since 2015, and that there are currently no U.S.
manufacturers of the chemical (LANXESS, 2017b). The company does not intend to manufacture,
import, or export HBCD in the future and has no existing stockpiles (LANXESS. 2017a). Albemarle
Corporation, another historic manufacturer of HBCD, indicated that they stopped manufacturing HBCD
flame retardants in 2016 and do not intend to resume the manufacture of HBCD-based flame retardants.
In 2017, Albemarle exported its entire inventory of approximately 57 metric tons (MT) of HBCD to
Mexico and Turkey for use in construction (EPS/XPS) applications (Albemarle, 2017b). Albemarle does
not intend to import HBCD in the future (Albemarle, 2017a).

Communications from industry indicate that domestic manufacture has ceased and the status of import is
given in Section 1.2.3. Table 1-3 below presents the various conditions under which a company must
report to CDR (“x” indicates reporting required). Typically, a manufacturer is required to report any
volume above 25,000 pounds, while small manufacturers? are only required to report any volume above
100,000 pounds. Since HBCD is subject to a TSCA Section 5(a)(2) Significant New Use Rule (SNUR),

2 The definition of a small manufacturer varies depending on the sector.
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the threshold has been reduced to 2,500 pounds for large size firms. For small manufacturers, however,
the threshold remains at 100,000 pounds. EPA has no indication that small manufacturers are
manufacturing HBCD and the cost of manufacturing small quantities would be prohibitive. For these
reasons, manufacturing of HBCD is not reasonably foreseen and therefore, not included in the draft risk

evaluation.

Table 1-3. Conditions under Which a Company Must Report to CDR (shaded area applies to
HBCD reporting specifically and “x” indicates broad conditions requiring reporting.)

Obligation to Report to CDR Information When Subject to TSCA Action as
Indicated in Left column
Not eligible for . .
. Subject to 25,000 Ib | Subject t0 2,500 Ib |  certain full or Nl L LIS
TSCA Action R . . . small manufacturer
reporting threshold | reporting threshold | partial exemptions .
q exemption
from reporting
Not subject to TSCA action X
TSCA section 4 rules
(proposed or promulgated) X X X
Enforceable Consent X X
Agreements (ECASs)
TSCA section 5(a)(2) SNURs
X X
(proposed or promulgated)
TSCA section 5(b)(4) rules
X X X
(proposed or promulgated)
TSCA section 5(e) orders X X X
TSCA section 5(f) orders
T.S-CA s‘ectlon 5 X X X
civil actions
TSCA section 6 rules
(proposed or promulgated) X X X
TSCA section 7 civil actions X X X

1.2.3 Importation of HBCD

The companies that previously reported HBCD import volumes to CDR have stated to EPA that they
permanently stopped the activity in 2016 or 2017. The Dow Chemical Company imported 19 metric tons
(MT) of HBCD in 2016 and roughly 48 MT in 2017. Dow possessed roughly 41 MT of HBCD in
stockpiles as of September 2017, which the company then used to produce XPS foam. By November
2017, Dow had stopped using HBCD at all of its plants and had no intention of importing HBCD in the
future (Dow Chemical, 2017).

Similarly, Campine NV indicated in a correspondence with EPA that they had ceased importation of
HBCD in 2016 (Campine, 2017). BASF has indicated in a correspondence with EPA (BASF, 2017) that
the company ceased importing HBCD in 2016 and currently has no stockpiles. Styropek also indicated
in its correspondences with EPA that the company phased out HBCD as a flame retardant in 2016.
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Datamyne (http://www.datamyne.com) collects import data on shipments into the United States and
provides information on each shipment. Datamyne is a commercial searchable trade database that covers
the import and export data and global commerce of more than 50 countries across 5 continents
(approximately 76% of the world’s import trade by value) and includes the cross-border commerce of
the United States with over 230 trading partners. EPA queried the database for bills of lading related to
HBCD. Due to the nature of Datamyne data, some shipments containing the chemical of concern may be
excluded due to being categorized under other names that were not included in the search terms.
Datamyne does not include articles/products containing the chemical unless the chemical name is
included in the description of the article/product. Datamyne indicates that there was import of HBCD in
2016 and 2017, however, shows no import in 2018 through the month of October when the last run was
conducted for this assessment (Datamyne), as shown in Table 1-4.

Table 1-4. U.S. Volume of Imports of HBCD, 2016 through October 2018

Year Total Import Number of Unique
Volume (Ib) Consignees
2016 399,315 52
2017 46,096 1
2018 (through Oct) 0 0
2 One consignee did not declare their name.
Source(s):Descartes Datamyne (2018)

Although there are a number of possible source countries for importation of HBCD to the United States,
under the Stockholm Convention on Persistent Organic Pollutants (POPs), 171 of the 188 Parties
(countries) have agreed to ban the production, use, import, and export of HBCD, consistent with the
obligations of that Convention (SCCH, 2018a, b). The Convention does include a process by which a
party can apply for a time limited exemption to continue production and/or use of a listed chemical,
however, that exemption is limited to the specific use(s) identified in the Convention. In accordance
with Article 4, specific exemptions expire five years after the date of entry into force of the Convention
with respect to that particular chemical, unless an additional five-year extension is granted by the
Conference of the Parties (SCCH, 2018b). For HBCD, the specific uses for which a Party can register a
production or use exemption is limited to use “in EPS and XPS in buildings.” According to the Register
of Specific Exemptions for the Convention, there are currently three Parties registered for production for
those uses and six Parties registered for use. The United States is not a Party to the Convention (SCCH
2018c¢).

Given the possibility that small firms could import quantities of up to 100,000 Ib of HBCD per year
without reporting in the CDR, EPA is including the importation of HBCD as a condition of use in this
draft risk evaluation.

1.2.4 Toxics Release Inventory Data on HBCD
After the Problem Formulation was published in 2018, information became available for HBCD as
reported by facilities to the Toxics Release Inventory (TRI) program. Under the Emergency Planning
and Community Right-to-Know Act (EPCRA) Section 313, HBCD is a TRI-reportable category’
effective January 1, 2017 and EPA has finalized the addition of the HBCD category to the list of

3 The HBCD category covers HBCD as identified through two primary Chemical Abstracts Service Registry Numbers
(CASRNs): 3194-55-6 (1,2,5,6,9,10-hexabromocyclododecane) and 25637-99-4 (hexabromocyclododecane).
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chemicals with special concern (see 40 CFR 372.28(a)(2)) and established a 100-pound reporting
threshold.

Four facilities reported HBCD use for the 2017 TRI reporting year; follow-up with the companies
indicates that only one facility is involved in ongoing processing of HBCD. Two facilities belong to
Dow Chemical, which said it stopped producing HBCD by 2018 (U.S. EPA. 2017c). A third facility,
owned by Flame Control Coatings, said in 2018 that it had stopped using HBCD for manufacture of
coatings. The fourth facility, Indium Corporation of America, continues to process HBCD for use in the
manufacture of solder paste (see more at Section 1.2.4).

Table 1-5 provides production-related waste management data for HBCD reported by industrial facilities
in covered sectors to the TRI program from reporting year 20174, In reporting year 2017, four facilities
reported a total of approximately 724 pounds of HBCD waste managed. Of this total, zero pounds were
recycled, 51 pounds were recovered for energy, 82 pounds were treated, and 591 pounds were disposed
of or otherwise released into the environment.

Table 1-5. Summary of HBCD TRI Production-Related Waste Managed in 2017 (1bs)

Number of Energy Total Production
Facilities Recycling Recovery Treatment Releases ¢ | Related Waste
44 0 51 82 591 724

Data source: 2017 TRI Data (Updated October 2018) U.S. EPA (2017g).

2 Terminology used in these columns may not match the more detailed data element names used in the TRI public data and
analysis access points.

® Does not include releases due to one-time events not associated with production such as remedial actions or earthquakes.

¢ Counts all releases including release quantities transferred and release quantities disposed of by a receiving facility

reporting to TRI.

d Reporting facilities include: The Dow Chemical Company (2 locations), Flame Control Coatings LLC, Indium
Corporation of America.

Table 1-6 provides a summary of HBCD TRI releases to the environment for the same reporting year as
Table 1-5. There were zero pounds of HBCD reported as released to water via surface water discharges,
and a total of 79 pounds of air releases from collective fugitive and stack air emissions reported in 2017.
The majority of HBCD was disposed of to landfills other than Resource Conservation and Recovery Act
(RCRA) Subtitle C (511 pounds), and there was one pound of HBCD transferred to a waste broker for
disposal.

4 Reporting year 2017 is the first year and most recent TRI data available for HBCD. Data presented in Table 1-5 and Table
1-6 were queried using TRI Explorer and uses the 2017 National Analysis data set (released to the public in October 2018).
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Table 1-6. Summary of HBCD TRI Releases to the Environment in 2017 (1bs)

Total On- and
Number Off-Site Disposal
of Water Other or Other
Facilities Air Releases Releases Land Disposal Releases * Releases > ©
Class I
Stack | Fugitive Under- RCRA | All other
Air Air ground |Subtitle C| Land
Releases | Releases Injection | Landfills | Disposal ?
Subtotal 77 2 0 0 511
Totals 4°¢ 79 ¢ 0 511¢ 1 591

Data source: 2017 TRI Data (Updated October 2018) U.S. EPA (2017g).

2 Terminology used in these columns may not match the more detailed data element names used in the TRI public data and
analysis access points.

b These release quantities do include releases due to one-time events not associated with production such as remedial
actions or earthquakes.

¢ Counts release quantities once at final disposition, accounting for transfers to other TRI reporting facilities that ultimately
dispose of the chemical waste.

4 Value shown may be different than the summation of individual data elements due to decimal rounding.

¢ Reporting facilities include: The Dow Chemical Company (2 locations), Flame Control Coatings LLC, Indium
Corporation of America.

While production-related waste managed shown in Table 1-5 excludes any quantities reported as
catastrophic or one-time releases (TRI section 8 data), release quantities shown in Table 1-6 include
both production-related and non-routine quantities (TRI section 5 and 6 data) for 2017. As a result,
release quantities may differ slightly and may further reflect differences in TRI calculation methods for
reported release range estimates (U.S. EPA, 2017g).

1.2.5 Ongoing Uses of HBCD
Descriptions of the industrial, commercial and consumer use categories identified from the 2016 CDR
(U.S. EPA, 2016b) and included in the life cycle diagram are summarized in Section 1.4.1. The
descriptions provide a brief overview of uses by life cycle stage in Table 1-8. The descriptions provided
below are primarily based on the corresponding industrial function category and/or commercial and

consumer product category descriptions from the 2016 CDR and can be found in EPA’s Instructions for
Reporting 2016 TSCA Chemical Data Reporting (U.S. EPA, 2016a).

1.2.5.1 Automotive Replacement Parts
EPA received a public comment from the Global Automakers Association stating that HBCD is no
longer used in new automobile manufacturing and is only present in replacement parts manufactured
prior to the date of the EPA HBCD Scoping Document (Public comment, EPA-HQ-OPPT-2016-0735-
0027). Major automobile manufacturers have phased out use of HBCD in U.S. automobile and part
production but continue to use it in 155 replacement parts, according to a list provided to EPA by the
Alliance of Automotive Manufacturers in November 2018 after publication of the Problem Formulation
(Alliance of Automobile Manufacturers, 2018b). For approximately 80% of the automobile replacement
parts, the HBCD is in polystyrene headliners; most of the remaining 20% are other parts made with
HBCD-containing polystyrene or other plastics. A total of five parts have HBCD in solder (Alliance of
Automobile Manufacturers, 2018a). The Association was unable to confirm whether the 155 parts are
domestically manufactured or imported. EPA is including the use of HBCD in automotive replacement
parts in the draft risk evaluation.
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1.2.5.2 Expanded Polystyrene (EPS) and Extruded Polystyrene (XPS) Foam
“Building/Construction Materials” include products containing HBCD as a flame retardant primarily in

XPS and EPS foam insulation products that are used for the construction of residential, public,
commercial or other structures (UNEP, 2010; Weil and Levchik, 2009).

Use in EPS and XPS foam had accounted for 95% of all HBCD applications in the past decade (U.S.
EPA. 2014d; UNEP, 2010). Based on information from market reports (U.S. EPA. 20171), HBCD is
used primarily in construction materials, which may include structural insulated panels (SIPS). The
building and construction industry uses EPS and XPS foam thermal insulation boards and laminates for
sheathing products. EPS foam prevents freezing, provides a stable fill material and creates high-strength
composites in construction applications. XPS foam board is used mainly for roofing applications and
architectural molding. HBCD is used in both types of foams because it is highly effective at levels less
than 1% and, therefore, maintains the insulation properties of EPS and XPS foam (Morose, 2006b). EPS
foam boards contain approximately 0.5% HBCD by weight in the final product and XPS foam boards
contain 0.5-1% HBCD by weight (Public comment, EPA-HQ-OPPT-2016-0735-0017) (XPSA, 2017b;
U.S. EPA, 2014d; Morose, 2006a).

According to the EPS Industry Alliance (EPS-IA), an estimated 80-85% of EPS rigid foam insulation
manufactured in the United States is molded from EPS resins supplied by EPS-IA member companies,
none of whom use HBCD. EPS-IA believes the remaining 15-20% of EPS manufacturers that are not
part of the EPS-IA are not located in the U.S., but have also phased out use of HBCD (EPS Industry
Alliance, 2017).

The XPS Association (XPSA) stated that its members, who are the major producers of XPS resin, supply
the resin for more than 95% of the XPS foam insulation products manufactured for the North American
market and that the remaining small percentage is probably made using imported resin (XPSA, 2017a).
This imported resin may contain HBCD, however, the extent to which EPA does not know.

EPA is including the use of HBCD in XPS and EPS insulation using imported HBCD in the draft risk
evaluation. There is a potential for import of HBCD for use in the manufacture of EPS and XPS foam
insulation. Taking into account the high percentage of HBCD production volume dedicated to these two
uses in previous years, and the fact that small HBCD companies could import low volumes of the
chemical that would not be reported to CDR leaves open the possibility that EPS and XPS
manufacturers that are not members of the EPS-IA and XPSA may currently be using imported HBCD
resins in their processes. EPA is including the processing and use of HBCD in XPS and EPS insulation
and import of HBCD resin in the draft risk evaluation.

1.2.5.3 Solder Paste
Following the publication of the HBCD Problem Formulation document (U.S. EPA, 2018f), EPA
learned of an ongoing use of HBCD from newly available TRI data reported by the Indium Corporation.
As indicated in Table 1-5. and Table 1-6., the company reported the processing of HBCD for the
manufacture of formulated products to TRI in 2017. In follow-on communications with EPA, Indium
said it processes and uses HBCD as a fluxing aid in solder paste, which it supplies to electronics
manufacturers for use on circuit boards (Indium, 2018b). While the quantity of HBCD is not known,
EPA assumes it is greater than the TRI reporting threshold of 100 lbs. per year for HBCD. According to
the company, the amount of HBCD used varies depending on demand from customers (Indium, 2018a).
The company purchases HBCD in a formulated mixture from a single supplier to manufacture flux and
solder paste the Indium facility in Utica, NY. Indium ships the products to their overseas facilities for
the final mixing step and for sales to electronics manufacturers in China and the United States. Indium
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produces four products containing HBCD: Tacflux 023, Tacflux 101, Tacflux 483, and Tacflux NC 422,
and does not sell directly to consumers, although the final consumer electronics products might be
imported into the US. The company no longer ships the HBCD-containing products to the EU (Indium
2018a, b). Another solder manufacturer called Kester reported HBCD use to TRI in 2017, but in a phone
conversation with EPA indicated that they have discontinued use (Kester, 2018).

Based on the information above, EPA is including the processing of HBCD in the manufacture of solder
paste in the draft risk evaluation.

1.2.6 Recycling of EPS and XPS Foam
There is limited information about the recycling of EPS and XPS products containing HBCD.
Schlummer et al. (Schlummer et al., 2017) notes that EPS and XPS foam in construction insulation
materials may not be frequently recycled for numerous reasons, including that insulation waste is
typically not separated from mixed waste stream and most insulation containing HBCD is still in place.
Schlummer et al. (Schlummer et al., 2017) describe technologies available only on a small scale to
separate HBCD from insulation panels and recycled polystyrene.

Reuse and recycling of EPS and XPS foam insulation board, siding, roof membrane and roofing ballast
material are available in the United States for consumers. Two companies were identified that directly
reuse (e.g., reuse without reforming) and recycle (e.g., melting and inserting into the manufacturing
process) XPS and EPS foam insulation.

* Green Insulation Group: http://www.greeninsulationgroup.com/products/

* Nationwide Foam Recycling: http://nationwidefoam.com/what-you-can-recycle.cfm

Nationwide Foam Recycling, which is owned by Conigliaro Industries, Inc., indicate that their plant
recycles all EPS insulation and reuses all XPS insulation (U.S. EPA, 20171). Once processed, their
recycled EPS roofing insulation is taken to polystyrene product manufacturers, notably picture frame
manufacturers, mostly in China but also in domestic markets. The company also delivers recycled
roofing material to other local EPS recycling plants that may use different processes. Nationwide Foam
Recycling processes 90,000 pounds/year of EPS standard packaging and 10,000 pounds/year of EPS
roofing material and estimated only about 10-20% of EPS roofing material is recycled nationally (U.S.
EPA, 20171). It is not clear what happens to the remaining volume of waste. The company also reuses
XPS roofing material due the special equipment needed to recycle XPS and indicated that XPS is rarely
recycled in the United States. It was estimated that the majority (>50%) of XPS roofing material is sent
to landfills or waste energy plants. Processing estimates for XPS material were not provided by the
company.

The recycling of HBCD-containing EPS and XPS insulations boards for use in construction materials is
included as a condition of use in this draft risk evaluation. The problem formulation stated that recycled
materials that contain HBCD and are used for articles other than insulation boards for construction are
not considered a condition of use in this evaluation. However, public commenters on the problem
formulation stated that EPA should assess the risk from all recycled materials that could contain HBCD
because of the potential for exposure, regardless of intent to use the flame retardant properties in the
recycled product and because recycling is a condition of use. EPA agrees with the commenters.
Recycling of a product containing a chemical constitutes processing of the chemical, which is a
condition of use. HBCD was broadly used in EPS and XPS insulation boards historically, and recycled
construction material would typically be required to meet fire resistant construction codes. EPA believes
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that this recycling of insulation materials occurs such that the flame-retardant attributes of the insulation
boards is maintained, and EPA is including this recycling and the use of HBCD in the recycled boards in
the scope of this draft risk evaluation. EPA is also including consumer articles made from recycled
HBCD-containing insulation boards based on experimental product-testing information on HBCD
content in consumer articles, and recognition this as an important pathway for young children who may
exhibit mouthing behaviors. Reuse, disposal, and recycling of HBCD-containing products from legacy
uses are not within the conditions of use of the draft risk evaluation.

1.2.7 Discontinued Uses

Historically, HBCD was used in a number of functional uses that have been phased out. As noted in the
Problem Formulation Document for Cyclic Aliphatic Bromide Cluster (HBCD), these uses have
included use as a flame retardant in: high impact polystyrene (HIPS) for electrical and electronic
appliances, consumer and commercial textiles, adhesives, coatings, children’s products including toys
and car seats; furniture (such as bean bag chairs). Based on the information provided in the Problem
Formulation, EPA has determined that these discontinued uses are not included as a condition of use.

The first reports to TRI for HBCD became available after publication of the 2018 HBCD Problem
Formulation. Releases of HBCD to the environment were reported by four facilities in the 2017 TRI, as
described in Section 1.2.4. All companies reported processing HBCD as a formulation component. Two
of the facilities belong to Dow Chemical Company, which had reportedly stopped using HBCD at all of
its plants by November 2017 with no intent to resume using HBCD in the future (Dow Chemical, 2017).
A different company, Indium Corporation of America, told EPA in a personal communication that it
uses HBCD as a fluxing aid for solder as described in Section 1.2.5.3. The fourth facility, Flame Control
Coatings, used HBCD for at least 15 years for one coating product, described as a “military specs
marine coating”. Follow up communications with the company revealed that they switched to another
product that does not use HBCD and that their supplier no longer sells HBCD (FCC, 2018). Based on
the foregoing information, EPA has determined that coatings are not a condition of use.

1.3 Regulatory and Assessment History

EPA conducted a search of existing domestic and international laws, regulations and assessments
pertaining to HBCD. EPA compiled this summary from data available from federal, state, international
and other government sources, as cited in Table 1-7. EPA evaluated and considered the impact of these
existing laws and regulations (e.g. regulations on landfill disposal, design and operations) in the problem
formulation step to determine what, if any further analysis might be necessary as part of the draft risk
evaluation.

Federal Laws and Regulations

HBCD is subject to federal statutes or regulations, other than TSCA, that are implemented by other
offices within EPA and/or other federal agencies/departments. A summary of federal laws, regulations
and implementing authorities is provided in Appendix A.1.

State Laws and Regulations

HBCD is subject to state statutes or regulations implemented by state agencies or departments. A
summary of state laws, regulations and implementing authorities is provided in Appendix A.2
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Laws and Regulations in Other Countries and International Treaties or Agreements
HBCD is subject to statutes or regulations in countries other than the United States and/or international
treaties and/or agreements. A summary of these laws, regulations, treaties and/or agreements is provided

in Appendix A.3.

EPA has identified assessments conducted by other EPA Programs and other organizations. Depending
on the source, these assessments may include information on conditions of use, hazards, exposures and
potentially exposed or susceptible subpopulations. Table 1-7. shows the assessments that have been

conducted.

Table 1-7. Assessment History of HBCD

Authoring Organization

Assessment

EPA assessments

EPA, Office of Chemical Safety and Pollution

Toxics (OPPT)

Prevention (OCSPP), Office of Pollution Prevention and

Initial Risk Based Prioritization of High
Production Volume Chemicals.
Chemical/Category:
Hexabromocyclododecane (HBCD) (U.S.
EPA, 2008b)

EPA, OCSPP, OPPT

Hexabromocyclododecane (HBCD) Action
Plan (U.S. EPA, 2010)

EPA, OCSPP, OPPT

Flame Retardant Alternatives for
Hexabromocyclododecane (HBCD) (U.S.
EPA, 2014d)

EPA, OCSPP, OPPT

Toxic Chemical Work Plan Problem
Formulation and Initial Assessment for
HBCD, Cyclic Aliphatic Bromide Cluster
(U.S. EPA, 2015)

EPA, OCSPP, OPPT

Scope of the Evaluation for Cyclic Aliphatic
Bromide Cluster (HBCD) (U.S. EPA. 2017

EPA, OCSPP, OPPT

Problem Formulation for Cyclic Aliphatic
Bromide Cluster (HBCD) (U.S. EPA. 2018)

Other U.S.-based organizations

Consumer Product Safety Commission (CPSC)

CPSC Staff Exposure and Risk Assessment of

Flame Retardant Chemicals in Residential

Upholstered Furniture (CPSC, 2001)

National Research Council

National Academy of Sciences Report:
Toxicological Risks of Selected Flame
Retardant Chemicals (NRC, 2000a)

International

Organisation for Economic Co-operation and

(SIDS)

Development (OECD), Screening Information Data Set

OECD SIDS Initial Assessment Profile
(SIAP) (OECD, 2007b)
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Authoring Organization Assessment

European Commission (EC), European Chemicals European Union Risk Assessment Report,

Bureau Hexabromocyclododecane CASRN 25637-
99-4. EINECS No: 247-148-4 (EINECS,
2008)

United Nations Environment Programme (UNEP); Hexabromocyclododecane Draft Risk Profile

Stockholm Convention on Persistent Organic Pollutants |(UNEP, 2010)

(POPs)
Hexabromocyclododecane Risk Management
Evaluation (2011) (UNEP, 2011)

Environment Canada and Health Canada Draft Screening Assessment of

Hexabromocyclododecane (Environment
Canada, 2011)

Australian Government Department of Health, National |Priority Existing Chemical Assessment
Industrial Chemicals Notification and Assessment Report, Hexabromocyclododecane
Scheme (NICNAS) (NICNAS., 2012a)

1.4 Scope of the Evaluation

1.4.1 Conditions of Use Included in the Risk Evaluation

TSCA § 3(4) defines the conditions of use as ‘‘the circumstances, as determined by the Administrator,
under which a chemical substance is intended, known, or reasonably foreseen to be manufactured,
processed, distributed in commerce, used, or disposed of.” The conditions of use are described below in
Table 1-8.

Based on the information described in Section 1.2, EPA is evaluating the importation of HBCD;
processing of HBCD for use in the manufacturing of automotive replacement parts; solder paste; and
incorporation into formulation, mixture or reaction product (e.g. compounding of masterbatch XPS); the
processing of HBCD for incorporation into articles (e.g. manufacture of EPS and XPS and the
manufacture of structural insulated panels from EPS and XPS); the industrial, commercial and consumer
use of EPS and XPS in construction materials (e.g. insulation boards); distribution; disposal; and
recycling of XPS and EPS foam, resin, and panels containing HBCD.

Table 1-8. presents the conditions of use that are considered within the scope of the draft risk evaluation
during various life cycle stages including manufacturing, processing, use (industrial, commercial, and
consumer), distribution and disposal. The activities that EPA has determined are out of scope are not
included in the life cycle diagram. The information is grouped according to Chemical Data Reporting
(CDR) processing codes and use categories (including functional use codes for industrial uses and
product categories for industrial, commercial and consumer uses), in combination with other data
sources (e.g., published literature and consultation with stakeholders) to provide an overview of
conditions of use. EPA notes that some subcategories of use may be grouped under multiple CDR
categories.
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Use categories include the following: “industrial use” means use at a site at which one or more
chemicals or mixtures are manufactured (including imported) or processed. “Commercial use” means
the use of a chemical or a mixture containing a chemical (including as part of an article) in a commercial
enterprise providing saleable goods or services. “Consumer use” means the use of a chemical or a
mixture containing a chemical (including as part of an article, such as furniture or clothing) when sold to
or made available to consumers for their use (U.S. EPA. 2016b).

To understand conditions of use relative to one another and associated potential exposures under those
conditions of use, Figure 1-1 depicts the life cycle diagram and includes the production volume
associated with each stage of the life cycle. The life cycle diagram for HBCD does not include specific
production volumes because the information was claimed as confidential business information (CBI) in
the 2016 CDR reporting (U.S. EPA, 2016b).
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Table 1-8. Categories and Subcategories of Conditions of Use Included in the Scope of the Risk

Evaluation for HBCD ?
Life Cycle Stage Category P Subcategory ¢ References
Manufacture Import Import U.S. EPA (2016b)
Processing Processing — Flame retardants used in EINECS (2008); (U.S. EPA,

incorporated into
formulation, mixture or
reaction product

custom compounding of
resin (e.g., compounding in
XPS masterbatch) and in
solder paste

2017h)

Incorporated into article

Flame retardants used in
plastics product
manufacturing (manufacture
of XPS and EPS foam;
manufacture of structural
insulated panels (SIPS) and
automobile replacement
parts from XPS and EPS
foam)

Use Document, EPA-HQ-
OPPT-2016-0735-0003;
Market Profile, EPA-HQ-
OPPT-2016-0735- 0049;
(Alliance of Automobile
Manufacturers, 2018a).

Construction and Demolition
Waste)

Recycling Recycling of XPS and EPS |Use Document, EPA-HQ-
foam, resin, panels OPPT-2016-0735-0003
containing HBCD

Distribution Distribution Activities related to distribution (e.g., loading, unloading)
are considered throughout the life cycle, rather than using a
single distribution scenario.

Commercial/consumer |Building/construction  |Plastic articles (hard): Use Document, EPA-HQ-

Use materials construction and building OPPT-2016-0735-0003; U.S.
materials covering large EPA (2016b); U.S. EPA
surface areas (e.g., EPS/XPS [(2014d)
foam insulation in
residential, public and
commercial buildings, and
other structures)

Other Automobile replacement (Alliance of Automobile
parts Manufacturers, 2018a)

Disposal Disposal Other land disposal (e.g. EINECS (2008)

2 This table presents categories and subcategories of conditions of use that are based on the 2016 CDR industrial function
category and industrial sector descriptions and the OECD product and article category descriptions for the HBCD uses
identified. Clarification on the subcategories of use from the listed data sources are provided in parentheses.

b These categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes and broadly represent
conditions of use of HBCD in industrial and/or consumer settings.

¢ These subcategories reflect more specific uses of HBCD.
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Building/Construction Materials
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manufacture of XP5 and EPS. commercial buildings or other structures
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v
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Figure 1-1. HBCD Life Cycle Diagram
The life cycle diagram depicts the conditions of use that are within the scope of the risk evaluation during various life cycle stages including

manufacturing, processing, use (industrial, commercial, consumer), distribution and disposal. Activities related to distribution (e.g., loading,
unloading) will be considered throughout the HBCD life cycle, rather than using a single distribution scenario.
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1.4.2 Conceptual Models

The conceptual models for this risk evaluation are shown below in Figure 1-2., Figure 1-3, Figure 1-4.
and Figure 1-5. EPA considered the potential for hazards to human health and the environment resulting
from exposure pathways outlined in the preliminary conceptual models of the HBCD scope document
(U.S. EPA. 2017¢). The conceptual models indicate potential exposures resulting from consumer
activities and uses, industrial and commercial activities, and environmental releases and wastes. The
problem formulation documents refined the initial conceptual models and analysis plans that were
provided in the scope documents (U.S. EPA, 2018b).

For the purpose of this assessment, EPA considered workers and occupational non-users, which includes
men and women of reproductive age (Figure 1-2). Consumer exposure was assessed for various
pathways for all age-groups, including adults and children (Figure 1-3). Non-users could be any age
group ranging from infants to adults. Also, EPA considered exposures to the general population for all
age-groups, as well as additional considerations for other exposed groups (Figure 1-3 and 1-4).

EPA has made three modifications to the conceptual model since the publication of the problem
formulation document. The first was the addition of the solder/flux paste as a condition of use based on
information reported to the TRI, as discussed in Section 1.2.5.3.

The second change was made to include exposure to liquids for workers associated with solder/flux
paste as this use is expected to be in liquid formulations.

The third change was to more fully describe the use of HBCD in recycled products via the mouthing
pathway. EPA identified information in the open literature that describes articles which contain HBCD,
and recognizes this as an important pathway for young children who may mouth articles. EPA
considered mouthing of recycled plastic products using experimental product-testing information on
HBCD content in consumer articles. See Section 2.4.2.6. and in Appendix G for a more detailed
discussion of this exposure scenario.

These changes are reflected in the life cycle diagram and conceptual models.
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INDUSTRIAL AND COMMERCIAL EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS ® HAZARDS
ACTIVITIES / USES

Import of HBCD —,| Liquid Contact l—b

»| Solid Contact }—b
Incorporated into Formulation, 4l e tonta

Mixture, or Reaction Product:
compounding of XPS
masterbatch; formulation of

solder/flux paste Dust Indoor Air l—

Hazards Potentially Associated with
Acute and/or Chronic Exposures

r

-

Emissions *
Incorporated into Article: l
manufacture of XPS/EPS, Outdoor Air 4 h_’
manufacture of SIPs and
automobile replacement parts
from XPS/EPS

Workers b,
Occupational
Non-Users

[see Emissions to Air,
Figures 1-4 and 1-5)
7 3

Recycling

Dust emissions from
Building/Construction Materials —p{ producti llation,
reuse, and demolition.

Waste Handli D | Oral Workers b,
aste Handlin, . ermal, Ora .
. & 4}| Solid Contact, Dust o Occupational
Treatment and Disposal Inhalation
Non-Users

| > Wastewater, Solid Wastes, Air Emissions

(see Figures 1-4and 1-5)

Figure 1-2. HBCD Conceptual Model for Industrial and Commercial Activities and Uses: Worker and Occupational Non-User

Exposures and Hazards

The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from industrial and commercial
activities and uses of HBCD.

4 Receptors include potentially exposed or susceptible subpopulations.

® When data and information are available to support the analysis, EPA also considers the effect that engineering controls and/or personal

protective equipment have on occupational exposure levels.
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COMSUMER ACTIVITIES / USES EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS? HAZARDS

—P| Reused-recycled products _—.{ Mouthing I

) Reused-recycled EPS
and XPS

Indoor Air, Settled and
Suspended Dust
(in buildings and —»

automohbiles)

Automohbile
Replacement Parts

Building/Construction __H

Materials-Primary
(building panels)

Consumers [
General Population;
Bystanders

Hazards Potentially Associated with
Acute andfor Chronic Exposures

Y v

SD.‘":dReWas;:; and [——p  Wastewater, Solid Wastes

Figure 1-3. HBCD Conceptual Model for Consumer Activities and Uses: Consumer Exposures and Hazards
The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from consumer activities and uses of

HBCD.
4 Receptors include potentially exposed or susceptible subpopulations.
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General
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Inhalation

'
R L4
Disposal — >
Solid Wastes (e.g., Construction and — i
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Deposition

Emissions to Air |

Figure 1-4. HBCD Conceptual Model for Environmental Releases and Wastes: General Population Exposures and Hazards
The conceptual model presents the exposure pathways, exposure routes and hazards to human receptors from releases and wastes from

industrial and commercial uses of HBCD.

2 Industrial wastewater or liquid wastes may be treated on-site and then released to surface water (direct discharge), or pre-treated and released to POTW
(indirect discharge). For consumer uses, such wastes may be released directly to POTW (i.e., down the drain).

b Receptors include potentially exposed or susceptible subpopulations.
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RELEASES AMD WASTES FROM EXPOSURE PATHWAY RECEPTORS HAZARDS
INDUSTRIAL / COMMERCIAL / CONSUMER USES

Direct
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Figure 1-5. HBCD Conceptual Model for Environmental Releases and Wastes: Ecological Exposures and Hazards

The conceptual model presents the exposure pathways and hazards for environmental receptors from industrial and commercial uses of
HBCD.

? Industrial wastewater or liquid wastes may be treated on-site and then released to surface water (direct discharge), or pre-treated and released to POTW
(indirect discharge). For consumer uses, such wastes may be released directly to POTW (i.e., down the drain).
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1.5 Systematic Review

TSCA requires EPA to use scientific information, technical procedures, measures, methods, protocols,
methodologies and models consistent with the best available science and base decisions under section 6
on the weight of scientific evidence. Within the TSCA risk evaluation context, the weight of the
scientific evidence is defined as “a systematic review method, applied in a manner suited to the nature of
the evidence or decision, that uses a pre-established protocol to comprehensively, objectively,
transparently, and consistently identify and evaluate each stream of evidence, including strengths,
limitations, and relevance of each study and to integrate evidence as necessary and appropriate based
upon strengths, limitations, and relevance”. (40 C.F.R. 702.33).

To meet the TSCA § 26(h) science standards, EPA used the TSCA systematic review process described
in the Application of Systematic Review in TSCA Risk Evaluations document (U.S. EPA, 2018a, b). The
process complements the risk evaluation process in that the data collection, data evaluation and data
integration stages of the systematic review process are used to develop the exposure and hazard
assessments based on reasonably available information. EPA defines “reasonably available information’
to mean information that EPA possesses, or can reasonably obtain and synthesize for use in risk
evaluations, considering the deadlines for completing the evaluation (Citation to Final Rule).

2

EPA is implementing systematic review methods and approaches within the regulatory context of the
amended TSCA. Although EPA will make an effort to adopt as many best practices as practicable from
the systematic review community, EPA expects modifications to the process to ensure that the
identification, screening, evaluation and integration of data and information can support timely
regulatory decision making under the aggressive timelines of the statute.

1.5.1 Data and Information Collection
EPA planned and conducted a comprehensive literature search based on key words related to the
different discipline-specific evidence supporting the risk evaluation (e.g., environmental fate and
transport; environmental releases and occupational exposure; exposure to general population, consumers
and environmental exposure; and environmental and human health hazards). EPA then developed and
applied inclusion and exclusion criteria during the title/abstract screening to identify information
potentially relevant for the risk evaluation process. The literature and screening strategy as specifically
applied to HBCD is described in the Strategy for Conducting Literature Searches for Cyclic Aliphatic
Bromine Cluster (HBCD): Supplemental Document to the TSCA Scope Document (U.S. EPA, 2017f)
and the results of the title and abstract screening process were published in the Cyclic Aliphatic Bromide
Cluster (HBCD) (CASRN: 25637-99-4; 3194-55-6, 3194-57-8) Bibliography: Supplemental File for the
TSCA Scope Document (U.S. EPA., 2017a, b).

For studies determined to be on-topic (or relevant) after title and abstract screening, EPA conducted a
full text screening to further exclude references that were not relevant to the risk evaluation. Screening
decisions were made based on eligibility criteria documented in the form of the populations, exposures,
comparators, and outcomes (PECO) framework or a modified framework?>. Data sources that met the
criteria were carried forward to the data evaluation stage. The inclusion and exclusion criteria for full

5 A PESO statement was used during the full text screening of environmental fate and transport data sources. PESO stands for
Pathways and Processes, Exposure, Setting or Scenario, and Outcomes. A RESO statement was used during the full text
screening of the engineering and occupational exposure literature. RESO stands for Receptors, Exposure, Setting or Scenario,
and Outcomes.
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text screening for HBCD are available in Appendix E of the Problem Formulation Document (U.S. EPA
2018f).

Although EPA conducted a comprehensive search and screening process as described above, EPA
generally used previous chemical assessments® to identify key and supporting information that would be
influential in the risk evaluation, in other words, information supporting key analyses, arguments, and/or
conclusions in the risk evaluation. When applicable, EPA also considered newer information not
considered in the previous chemical assessments and identified during the comprehensive search. Using
this pragmatic approach, EPA evaluated the confidence of the key and supporting data sources as well as
newer information instead of evaluating the confidence of all the underlying evidence ever published on
HBCD’s fate and transport, environmental releases, and environmental and human exposure and
hazards. This allowed EPA to maximize the scientific and analytical efforts of other regulatory and non-
regulatory agencies by accepting for the most part the scientific knowledge gathered and analyzed by
others except for influential information sources that may have an impact on the weight of the scientific
evidence and ultimately the risk findings. The influential information (i.e., key/supporting) came from a
smaller pool of sources subject to the rigor of the TSCA systematic review process to ensure that the risk
evaluation uses the best available science and the weight of the scientific evidence.

Although EPA conducted a comprehensive search and screening process as described above, EPA made
the decision to leverage the literature published in previous assessments’ when identifying relevant key
and supporting data® and information for developing the HBCD risk evaluation. This is discussed in the
Strategy for Conducting Literature Searches for Cyclic Aliphatic Bromine Cluster (HBCD):
Supplemental Document to the TSCA Scope Document (U.S. EPA, 2017f). In general , many of the key
and supporting data sources were identified in the comprehensive Cyclic Aliphatic Bromide Cluster
(HBCD) (CASRN: 25637-99-4; 3194-55-6, 3194-57-8) Bibliography: Supplemental File for the TSCA
Scope Document (U.S. EPA. 2017a, b). However, there were instances that EPA missed relevant
references that were not captured in the initial categorization of the on-topic references. EPA found
additional relevant data and information using backward reference searching, which was a technique that
will be included in future search strategies. This issue was discussed in Section 4 of the Application of
Systematic Review for TSCA Risk Evaluations. Other relevant key and supporting references were
identified through targeted supplemental searches to support the analytical approaches and methods in
the HBCD risk evaluation (e.g., to locate specific information for exposure modeling) or to identify new
data and information published after the date limits of the initial search.

EPA used previous chemical assessments to quickly identify relevant key and supporting information as
a pragmatic approach to expedite the quality evaluation of the data sources, but many of those data
sources were already captured in the comprehensive literature as explained above. EPA also considered
newer information not taken into account by previous chemical assessments as described in the Strategy
for Conducting Literature Searches for Cyclic Aliphatic Bromine Cluster (HBCD): Supplemental

¢ Examples of existing assessments are EPA’s chemical assessments (e.g. previous work plan risk assessments, problem
formulation documents), ATSDR’s Toxicological Profiles, EPA’s IRIS assessments and ECHA’s dossiers. This is described
in more detail in the Strategy for Conducting Literature Searches for Cyclic Aliphatic Bromine Cluster (HBCD):
Supplemental Document to the TSCA Scope Document (U.S. EPA, 2017f).

7 Examples of existing assessments are EPA’s chemical assessments (e.g. previous work plan risk assessments, problem
formulation documents), ATSDR’s Toxicological Profiles, EPA’s IRIS assessments and ECHA’s dossiers. This is described
in more detail in the Strategy for Conducting Literature Searches for Cyclic Aliphatic Bromine Cluster (HBCD):
Supplemental Document to the TSCA Scope Document (U.S. EPA, 2017f).

8 Key and supporting data and information are those that support key analyses, arguments, and/or conclusions in the risk

evaluation.
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Document to the TSCA Scope Document (U.S. EPA, 2017f). EPA then evaluated the confidence of the
key and supporting data sources as well as newer information instead of evaluating the confidence of all
the underlying evidence ever published on a chemical substance’s fate and transport, environmental
releases, environmental and human exposure and hazards. Such comprehensive evaluation of all of the
data and information ever published for a chemical substance would be extremely labor intensive and
could not be achieved under the TSCA statutory deadlines for most chemical substances especially those
that have a data rich database. Furthermore, EPA evaluated how EPA’s evaluation of the key and
supporting data and information and newer information would change the previous conclusions
presented in the previous assessments.

EPA generally used previous chemical assessments® to identify key and supporting information that
would be influential in the risk evaluation, in other words, information supporting key analyses,
arguments, and/or conclusions in the risk evaluation. When applicable, EPA also considered newer
information not considered in the previous chemical assessments and identified during the
comprehensive search. Using this pragmatic approach, EPA evaluated the confidence of the key and
supporting data sources as well as newer information instead of evaluating the confidence of all the
underlying evidence ever published on HBCD’s fate and transport, environmental releases, and
environmental and human exposure and hazards. This would allow EPA to maximize the scientific and
analytical efforts of other regulatory and non-regulatory agencies by accepting for the most part the
relevant scientific knowledge gathered and analyzed by others except for influential information sources
that may have an impact on the weight of the scientific evidence and ultimately the risk findings. The
influential information (i.e., key/supporting) would come from a smaller pool of sources subject to the
rigor of the TSCA systematic review process to ensure that the risk evaluation uses the best available
science and the weight of the scientific evidence.

{ Data Search Results (n=1,796) ]
*Key/Supporting [ . ] Excluded References
=1,7
Data Sources (n=3) Data Scraening (=1, 736) (n=1,721)
Excluded: Ref that are

i,

Data Evaluation (n=78) ]—o unacceptable based on the
evaluation criteria (n=7)

Data Extraction/Data Integration (n=71) ]

Figure 1-6 to Figure 1-10 depict literature flow diagrams illustrating the results of this process for each
scientific discipline—specific evidence supporting the draft risk evaluation. Each diagram provides the
total number of references at the start of each systematic review stage (i.e., data search, data screening,
data evaluation, data extraction/data integration) and those excluded based on criteria guiding the
screening and data quality evaluation decisions.

EPA made the decision to bypass the data screening step for data sources that were highly relevant to the
draft risk evaluation as described above. These data sources are depicted as “key/supporting data

19 There are various supplemental files accompanying the risk evaluation:
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sources” in the literature flow diagrams. Note that the number of “key/supporting data sources” were
excluded from the total count during the data screening stage and added, for the most part, to the data
evaluation stage depending on the discipline-specific evidence. The exception was the environmental
releases and occupational exposure data sources that were subject to a combined data extraction and
evaluation step (Figure 1-7).

{ Data Search Results (n=1,796) }
*Key/Supporting [ . ] Excluded References
=1,7
Data Sources (n=3) Data Scraening (=1, 736) (n=1,721)
Excluded: Ref that are
{ Data Evaluation (n=78) )—o unacceptable based on the
evaluation criteria (n=7)

Data Extraction/Data Integration (n=71) ]

Figure 1-6. HBCD Literature Flow Diagram for Environmental Fate and Transport Data Sources

Note: Literature search results for the environmental fate and transport of HBCD yielded 1,796 studies. Of these studies, 1,721
were determined to be off topic. The remaining 75 studies entered full text screening for the determination of relevance to the risk
evaluation. Seven studies were deemed unacceptable based on the evaluation criteria for fate and transport studies and the
remaining 68 studies were carried forward to data extraction/data integration.

* These are key and supporting studies from existing assessments (e.g., EPA IRIS assessments, ATSDR assessments, ECHA

dossiers) that were considered highly relevant for the TSCA risk evaluation. These studies bypassed the data screening step and
moved directly to the data evaluation step.
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( Data Search Results (n=1847) )
Data Screening (n=1847) Excluded References (n=1754)
n$3
~
Key/supporting y x Excluded: Ref that are
data sources Data Extraction/Data Evaluation (n=104) > unacceptable based on
(n=11) ) evaluation criteria (n=42)

v

Data Integration (n=26)

*Data Sources that were not
integrated (n=36)

*The quality of data in these sources (n=36) were acceptable for risk assessment purposes, but they were ultimately

excluded from further consideration based on EPA’s integration approach for environmental release and occupational

exposure datainformation. EPA's approach uses a hierarchy of preferences that guide decisions about what types of
datafinformation are included for further analysis, synthesis and integration into the environmental release and

occupational exposure assessments. EPA prefers using data with the highest rated quality among those in the higher

level of the hierarchy of preferences (Le., data > modeling > occupational exposure limits or release limits). If warranted,
EPA may use datafinformation of lower rated quality as supportive evidence in the environmental release and
occupational exposure assessments.

Figure 1-7. HBCD Literature Flow Diagram for Environmental Releases and Occupational
Exposure Data Sources

Note: Literature search results for environmental release and occupational exposure yielded 1,847 data sources. Of these data
sources, 93 were determined to be relevant for the risk evaluation through the data screening process. These relevant data sources
were entered into the data extraction/evaluation phase. After data extraction/evaluation, EPA identified several data gaps and
performed a supplemental, targeted search to fill these gaps (e.g. to locate information needed for exposure modeling). The
supplemental search yielded 11 relevant data sources that bypassed the data screening step and were evaluated and extracted in
accordance with Appendix D: Data Quality Criteria for Occupational Exposure and Release Data of the Application of Systematic
Review for TSCA Risk Evaluations document. Twenty-six (26) of these were forwarded for data integration, while 42 of these data
sources were rated as unacceptable based on serious flaws detected during the evaluation and 36 data sources that were not
integrated.
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—[ Data Search Results (n=11,208) ]

y

Key.Trusted Data Screening (n=11,208) Excluded References (n=9,512)
Studies (n=0)

Unacceptable or excluded
( based on evaluation

criteria(n=1,205)

Data Evaluation (h= 1,696)

>

Acceptable but not in scope
| (n= 146)
Data Extraction/Data
Integration (n=345)

Figure 1-8. Literature Flow Diagram for General Population, Consumer and Environmental
Exposure Data Sources for HBCD

Note: EPA conducted a literature search to determine relevant data sources for assessing exposures for HBCD within the scope
of the risk evaluation. This search identified 11,208 data sources including relevant supplemental documents. Of these, 9,512
were excluded during the screening of the title, abstract, and/or full text and 1,696 data sources were recommended for data
evaluation across up to five major study types in accordance with Appendix E: Data Quality Criteria for Studies on Consumer,
General Population and Environmental Exposure of the Application of Systematic Review for TSCA Risk Evaluations document.
(U.S. EPA, 2018b). Following the evaluation process, 345 references were forwarded for further extraction and data integration.
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[ Data Search Results (n = 630)

<

Excluded References due to
ECOTOX Criteria
(n = 484)

Title/Abstract Screening (n = 628)

T T

Excluded References due to
ECOTOX Criteria
(n=92)

Full Text Screening (n = 144)

4

Key/Supporting

<

Excluded References that are
unacceptable based

Sfdles De Evmstoni(=S4) on evaluation criteria and/or are
(h=2) out of scope
(n=6)

<

[ Data Extraction / Data Integration (n = 48) J

Figure 1-9. Literature Flow Diagram for Environmental Hazard Data Sources for HBCD

Note: The environmental hazard data sources were identified through literature searches and screening strategies using the
ECOTOXicology Knowledgebase System (ECOTOX) Standing Operating Procedures. For studies determined to be on-topic
after title and abstract screening, EPA conducted a full text screening to further exclude references that were not relevant to the
risk evaluation. Screening decisions were made based on eligibility criteria as documented in the ECOTOX User Guide (U.S.
EPA., 2018d)). Additional details can be found in the Strategy for Conducting Literature Searches for Hexabromocyclododecane
Supplemental Document to the TSCA Scope Document (U.S. EPA, 2018g).

The “Key/Supporting Studies” box represents data sources typically cited in existing assessments and considered highly relevant
for the TSCA risk evaluation because they were used as key and supporting information by regulatory and non-regulatory
organizations to support their chemical hazard and risk assessments. These citations were found independently from the
ECOTOX process. These studies bypassed the data screening step and moved directly to the data evaluation step.

Studies could be considered “out of scope” after the screening steps, and therefore excluded from data evaluation, due to the
elimination of pathways during scoping/problem formulation.
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!—( Data Search Results (n = 1,890 ) ]

Key/supporfing data
sources . _ o )
(n = 25) Data Screening (n =1,865) Exduded References (n = 1,837)
n=28

Excluded: Ref that are
unacceptable based on
evaluation criteria (n = 2)

Data Evaluation (n =53)

[ Data E xtraction/Data Integration (n = 51) J

Figure 1-10. Literature Flow Diagram for Human Health Hazard Key/Supporting Data Sources
for HBCD

Note: Literature search results for human health hazard of HBCD yielded 1,890 studies. This included 25 key and supporting
studies identified from previous EPA assessments (see Section 3.2.1). Of the 1,865 new studies screened for relevance, 1,837 were
excluded as off topic. The remaining 28 new studies together with the 25 key and supporting studies entered full text screening for
the determination of relevance to the risk evaluation. Two studies were deemed unacceptable based on the evaluation criteria
human health hazard and the remaining 51 studies were carried forward to data extraction/data integration.

1.5.2 Data Evaluation

During the data evaluation stage, EPA assesses the quality of the data sources using the evaluation
strategies described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018a). For the data sources that passed full-text screening and the key and supporting data sources,
EPA evaluated their quality and each data source received an overall confidence of high, medium, low
or unacceptable.

The results of the data quality evaluations are summarized in Sections 2.1 (Fate and Transport), 2.2
(Releases to the Environment), 2.3 (Environmental Exposures), 2.4 (Human Exposures), 3.1
(Environmental Hazards) and 3.2 (Human Health Hazards). Additional information is provided in the
appendices of the main document. Supplemental files'® also provide details of the data evaluations
including individual metric scores and the overall study score for each data source.

10 There are various supplemental files accompanying the risk evaluation:
o Systematic Review Supplemental File: Data Quality Evaluation of Environmental Fate and Transport Studies
o Systematic Review Supplemental File: Data Quality Evaluation for Engineering Releases and Occupational Exposure Data Sources
o Systematic Review Supplemental File: Data Quality Evaluation of Consumer, General Population and Environmental Exposure Data
Sources
Systematic Review Supplemental File: Data Quality Evaluation of Environmental Hazard Studies
Systematic Review Supplemental File: Data Quality Evaluation of Human Health Hazard Studies, Animal and /n Vitro Studies
Systematic Review Supplemental File: Data Quality Evaluation of Epidemiological Studies
Systematic Review Supplemental File: Updates to the Data Quality Criteria for Epidemiological Studies
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1.5.3 Data Integration
Data integration includes analysis, synthesis and integration of information for the risk evaluation.
During data integration and analysis, EPA considers quality, consistency, relevancy, coherence and
biological plausibility to make final conclusions regarding the weight of the scientific evidence. As
stated in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a), data
integration involves transparently discussing the significant issues, strengths, and limitations as well as
the uncertainties of the reasonably available information and the major points of interpretation (U.S.

EPA., 2018g).

The EPA used previous assessments to identify key and supporting information and then analyzed and
synthesized available evidence regarding HBCD’s chemical properties, environmental fate and transport
properties, potential for exposure and hazard. EPA’s analysis also considered recent data sources that
were not considered in the previous assessments (Section 1.5.1) as well as reasonably available
information on potentially exposed or susceptible subpopulations.

The exposures and hazards sections describe EPA’s analysis of the influential information (i.e., key and
supporting data) that were found acceptable based on the data quality reviews as well as discussion of
other scientific knowledge using the approach described in Section 1.5.1. The exposure section also
describes whether aggregate or sentinel exposures to a chemical substance were considered under the
conditions of use within the scope of the risk evaluation, and the basis for that consideration.
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2 EXPOSURES

This section describes EPA’s approach to assessing environmental and human exposures. First, the fate
and transport of HBCD in the environment is characterized. Then, releases of HBCD into the
environment are assessed. Last, this information is integrated into an assessment of occupational,
general population (including highly exposed subpopulations), and environmental exposures for HBCD.
For all exposure-related disciplines, EPA screened, evaluated, extracted, and integrated available
empirical data. In addition, EPA used models to estimate exposures. Both empirical data and modeled
estimates were considered when selecting values for use in the exposure assessment.

Exposure equations and selected values used in the exposure assessment are presented in the following
sections. More specific information is provided in Draft Risk Evaluation for Cyclic Aliphatic Bromide
Cluster (HBCD), Supplemental Information on General Population, Environmental, and Consumer
Exposure Assessment. (U.S. EPA, 2019d).

Following the inclusion of HBCD on EPA’s workplan list in 2012, EPA published a 2015 problem
formulation prior to passage of the Lautenberg amendments, and published an updated scope in 2017
and problem formulation document in 2018. EPA has incorporated the following refinements based on
public comments and review of data since initial work began on HBCD.

e More complete assessment of human dietary exposure from multiple sources (estimates for all
food groups and more specific estimates for breast milk ingestion and fish ingestion) for the
general population,

e Inclusion of dermal pathway,

¢ Inclusion of refined models used to estimate surface water and ambient air as well as sediment
and indoor dust,

e Inclusion of additional contextual information from monitoring data to determine which data is
likely more applicable to exposure scenarios of interest, and

e Assessment of bioaccumulation and wildlife as part of environmental exposure assessment.

2.1 Fate and Transport
The environmental fate studies considered for this risk evaluation are summarized in Appendix C. This
information is based on studies published in (U.S. EPA, 2015, 2014d; NICNAS, 2012a; EC/HC, 2011;
EINECS, 2008; U.S. EPA, 2008b; OECD, 2007a) and was supplemented by an updated literature search
following problem formulation.

2.1.1 Fate and Transport Approach and Methodology
EPA gathered and evaluated environmental fate information according to the process described in the
Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a). Reasonably available
environmental fate information was used in the current evaluation. Furthermore, EPA used previous
regulatory and non-regulatory chemical assessments of HBCD to inform the environmental fate and
transport information discussed in this section and Appendix C. EPA had confidence in the information
used in the previous assessments to describe the environmental fate and transport of HBCD based on
scientific review of the methodologies and quality of the data presented and thus used it to make scoping
decisions.

EPA also used the previous assessment to identify key and supporting fate information that would be
influential in the risk evaluation, as described in Section 1.5.1. For instance, EPA assessed the quality of
an HBCD aerobic freshwater sediment biodegradation study (Davis et al., 2006) based on the data
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quality criteria described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018a) and the study was rated ‘high’ confidence. The atmospheric oxidation half-life fate estimate was
based on modeling results from EPI Suite™ (U.S. EPA, 2012c¢), a predictive tool for physical/chemical

and environmental fate properties. The data evaluation table describing their review as well as other
studies included in Table 2-1 can be found in the supplemental document, Data Quality Evaluation of
Environmental Fate and Transport Studies (U.S. EPA, 2019, HERO ID).

The HBCD environmental fate characteristics and physical-chemical properties used in fate assessment
are presented in Table 2-1. EPA used EPI Suite™ estimations and reasonably available fate information
to characterize the environmental fate and transport of HBCD. As part of problem formulation, EPA
also analyzed the fate of HBCD in air, water, soil, sediment, and bioaccumulation. The results of the
analyses are described in the 2018 problem formulation for HBCD (U.S. EPA, 2018f) and presented
again in Appendix C. Note that this section and Appendix C may also cite other data sources as part of
the reasonably available information on the fate and transport properties of HBCD. EPA did not subject
these other data sources to the later phases of the systematic review process (i.e., data evaluation and
integration) as explained in Section 1.5.1.

2.1.2 Summary of Fate and Transport
Environmental fate includes both transport and transformation processes. Environmental transport is the
movement of the chemical within and between environmental media. Transformation generally occurs
through the degradation or reaction of the chemical with other species in the environment. Hence,
knowledge of the environmental fate of the chemical informs the determination of the specific exposure
pathways and potential human and environmental receptors EPA analyzed in the risk evaluation.

Table 2-1 provides a summary of a subset of the environmental fate data that EPA identified, evaluated
and considered in the risk evaluation for HBCD. A full list of data considered, identified and evaluated
is provided in Appendix C.

Table 2-1. Summary of Environmental Fate and Transport Properties for HBCD

Property Value Reference Study Quality
Indirect Photolysis | Half-life 2.1 days in air (estimated) (U.S. EPA, 2015) NA
Not expected due to lack of functional
. roups that hydrolyze under environmental
Hydrolysis fonditions and low water solubility (ECHA, 2008b) NA
(estimated)
No biodegradation observed in 28-day (Wildlife Intl, 1996)
Aerobic closed-bottle test Organisation for
Biodegradation in | Economic Co-operation and Development Medium
Water (OECD) Guideline 301D, EPA OTS
796.3200
Half-life: 128, 92, and 72 days for a-, y-, and
B-HBCD, respectively (estimated), based on
a 44% decrease in total initial radioactivity in )
Aerobic viable freshwater sediment of 14C-labeled ) High
Biodegradation in | HBCD (4.67 mg/kg dry weight) after 112 (Davis et al., 2006)
Sediment days; method based on OECD 308
Half-life: >120 days (estimated), based on a
15% decrease in total initial radioactivity in High
abiotic freshwater sediment of 14C-labeled
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Property

Value

Reference

Study Quality

HBCD (4.67 mg/kg dry weight) after 112
days; method based on OECD 308

Half-life: 11 and 32 days (estimated) in
viable sediment collected from Schuylkill
River and Neshaminy creek, respectively,
using nominal HBCD concentrations of
0.034-0.089 mg/kg; method based on OECD
308

(Davis et al., 2005)

High

Half-life: 190 and 30 days (estimated) in
abiotic sediment collected from Schuylkill
River and Neshaminy creek, respectively,
using nominal HBCD concentrations of
0.034-0.089 mg/kg; method based on
OECD 308

High

Half-life: 92 days (estimated), based on a
61% decrease in total initial radioactivity in
viable freshwater sediment of 14C-labeled
HBCD

(4.31 mg/kg dry weight) after 113 days;
method based on OECD 308

Half-life: >120 days (estimated), based on a
33% decrease in total initial radioactivity in
abiotic freshwater sediment of 14C-labeled
HBCD (4.31 mg/kg dry weight) after 113
days; method based on OECD 308

(Davis et al., 2006)

High

High

Half-life: 1.5 and 1.1 days (estimated) in
viable sediment collected from Schuylkill
River and Neshaminy creek, respectively,
using nominal HBCD concentrations of
0.063—-0.089 mg/kg; method based on OECD
308

(Davis et al., 2005)

High

Half-life: 10 and 9.9 days (estimated) in
abiotic sediment collected from
Schuylkill River and Neshaminy creek,
respectively, using nominal HBCD
concentrations of 0.063—0.089 mg/kg;
method based on OECD 308

High

Aerobic
Biodegradation in
Soil

Half-life: >120 days (estimated), based on a
10% decrease in total initial radioactivity in
viable soil of 14C-labeled HBCD after 113
days; method based on OECD 307 using
HBCD at 3.04 mg/kg dry weight

Half-life: >120 days (estimated), based
on a 6% decrease in total initial
radioactivity in abiotic soil of 14C-
labeled HBCD after

113 days; method based on OECD 307
using HBCD at 3.04 mg/kg dry weight

(Davis et al., 2006)

High

High

Half-life: 63 days (estimated) in viable
soil amended with activated sludge
using a nominal HBCD concentration of
0.025 mg/kg dry weight; method based
on OECD 307

Half-life: >120 days (estimated) in

(Davis et al., 2005)

High

High
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Property

Value

Reference

Study Quality

abiotic soil using a nominal HBCD
concentration of 0.025 mg/kg dry
weight; method based on OECD 307

Half-life: 6.9 days (estimated) in viable
soil amended with activated sludge
using a nominal HBCD concentration of
0.025 mg/kg dry weight; method based
on OECD 307

Half-life: 82 days (estimated) in abiotic soil
using a nominal HBCD concentration of
0.025 mg/kg dry weight; method based on
OECD 307

High

High

Soil organic
carbon:water
partition coefficient
(log Koc)

Log Koc =4.9 (79,433) estimated

(U.S. EPA. 2015)

NA

Log Koc > 5 (> 100,000) OECD Guideline
121 Estimation of the Adsorption Coefficient
(Koc) on Soil and on Sewage Sludge using
High Performance Liquid Chromatography
(HPLC)

(ECHA. 2017a)

High

Field Measured
Bioaccumulation
Factor (BAF)

Upper trophic level lipid normalized BAF for
total HBCDs of approximately 90,090,000
calculated from the mean HBCD lipid
normalized fish tissue concentration and the
HBCD dissolved water concentration.

Wet weight BAF 290,880

(He et al., 2013)

High

Upper trophic level lipid normalized BAF for
total HBCDs of approximately 3,120,000
calculated from the mean HBCD lipid
normalized fish tissue concentration and the
HBCD dissolved water concentration.

Wet weight BAF 46,488

(Wuetal., 2011)

High

Bioconcentration
Factor (BCF)

fathead minnow 18,100 (whole body)

(Veith et al., 1979)

High

*BCF (steady state, edible portion) rainbow
trout 4650 at 1.8 pg/L exposure
concentration)

BCF rainbow trout (kinetic, edible portion)
14,039 calculated at 0.18 pg/L exposure
concentration)

Drottar (Wildlife Intl
2000) as cited in
(ECHA, 2008b)

High

4 yBCD exposure concentrations 1.8 and 0.18 pg/L. Steady state achieved at 1.8 ug/L but not at 0.18 ug/L

2.1.2.1

Air

HBCD is not expected to undergo significant direct photolysis since it does not absorb radiation in the
environmentally available region of the electromagnetic spectrum that has the potential to cause

molecular degradation (

HSDB, 2008). HBCD in the vapor phase will be degraded by reaction with

photochemically produced hydroxyl radicals in the atmosphere. A half-life of 2.1 days was calculated
from an estimated rate constant of 5.01x107'2 cm®/molecules-second at 25 °C, assuming an atmospheric
hydroxyl radical concentration of 1.5%10° molecules/cm? and a 12-hour day (U.S. EPA, 2011a, 1993a).
Based on an estimated octanol air partition coefficient (Koa) of 1.6 x 10°, HBCD is expected to
associate strongly with airborne particulates. HBCD associated with particulates is expected to be less
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subject to hydroxy radical oxidation in the atmosphere and primarily removed from the atmosphere
through wet or dry deposition.

2.1.2.2 Water
HBCD is not expected to undergo hydrolysis in environmental waters because of its lack of
hydrolyzable functional groups. Based on a measured soil organic carbon:water partition coefficient
(Koc) of >100,000, HBCD is expected to partition from the water column, bind strongly to and be
transported with suspended and benthic sediments. A Henry’s Law constant of 6x10 atm-m*/mol at 25
°C, calculated based on a vapor pressure of 4.70x10”” mm Hg at 21 °C and a water solubility of 66 pg/L
at 25 °C, indicates that HBCD may volatilize slowly from moist soil and water surfaces. However,
adsorption to suspended solids and sediment will reduce the rate of volatilization from water. An OECD
301D ready biodegradability study (aerobic aqueous medium) on HBCD resulted in no observed

biodegradation in 28 days, suggesting that aerobic biodegradation in the water column may not be rapid
(Wildlife Intl, 1996).

2.1.2.3 Soil and Sediment
Based on a measured Koc value of >100,000 HBCD is expected to bind strongly to soil, sediment, and
suspended organic matter. It may undergo abiotic and microbial degradation while associated with
solids. Tests with viable microbes demonstrated increased HBCD degradation compared to the
biologically inhibited control studies. In combination, these studies suggest that HBCD will degrade
slowly in the environment, although faster in sediment than in soil, faster under anaerobic conditions
than aerobic conditions, faster with microbial action than without microbial action, and at different rates
for individual HBCD diastereomers (slower for a-HBCD than for the y- and - stereoisomers). The
biodegradation half-lives for aerobic sediment and aerobic soil calculated from Davis (2006) (Davis et
al., 2006) and Davis (2005) (Davis et al., 2005) were used for the assessment. HBCD has been reported
to undergo abiotic degradation in aerobic and anaerobic sediment and aerobic soil (ECHA, 2008b; Davis
et al., 2006). The degradation was attributed to abiotic reductive dehalogenation which can form
tetrabromo and dibromocyclododecane and 1,5,9-cyclododecatriene. Further degradation of 1,5,9-
cyclododecatriene was not observed.
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Figure 2-1. Abiotic reduction of HBCD to 5,6,9,10-tetrabromocyclododec-1-ene (TBCD),
9,10-dibromocyclododeca-1,5-diene (DBCD), and 1,5,9-cyclodecatriene (CDT) in aerobic and
anaerobic sediments (Davis et al., 2006).

2.1.24 Wastewater Treatment Plants
No information was found on the removal of HBCD in Publicly Owned Treatment Works (POTWs) in
the United States. However, a study on the removal of HBCD in sewage treatment systems in the Yodo
river basin in Japan was identified and reviewed. Ichihara et al. 2014 (Ichihara et al., 2014) measured
influent and effluent concentrations of HBCD diasterecoisomers in 12 sewage treatment plants in the
river basin. The range of removal rates was 80 — 99% with an average of 93% removal. Considering the
low volatility and biodegradability of HBCD, the removal was most likely due to sorption to activated
sludge solids. The EPA EPISuite STP (Sewage Treatment Plant) model was run for HBCD to provide
additional information on HBCD removal. The model simulates an activated sludge wastewater
treatment system and includes the processes of volatilization, adsorption to sludge and biodegradation.
The model was run using the physical-chemical properties reported in Section 1.1, Table 1-1.The
biodegradation half-life was set at 10,000 hours, a default for a non-biodegradable substance. The model
calculated approximately 90% removal of HBCD by adsorption to sludge with less than 1% removed by
biodegradation and volatilization. No information on the treatability of HBCD bound to plastic particles
was found. However, based on the density of these particles a qualitative assessment of their fate in
activated sludge systems can be made. Considering the low volatility and biodegradability of HBCD
these process are not likely important. Dense particulate HBCD and HBCD associated with polystyrene
beads are expected to be removed with sludge during the sludge settling process. Less dense HBCD
associated with polystyrene foam may be removed in clarification by skimmers designed to remove
floating matter. Based on these findings, HBCD entering activated sludge wastewater treatment systems
is expected to be removed with a treatment efficiency in the range of 90% primarily by adsorption to
sludge. Volatilization and biodegradation of HBCD are not expected to be important removal processes.
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Sludge bound HBCD may be further processed or disposed of by several methods including land
application.

2.1.2.5 Persistence
Based on the studies described later in this section HBCD is expected to be persistent in soil, surface
water and groundwater. It may be biodegraded slowly under aerobic and anaerobic conditions with half-
lives on the order of months.

2.1.2.6 Bioaccumulation/Bioconcentration
Bioaccumulation and bioconcentration in aquatic and terrestrial organisms, including humans, are
important environmental processes for HBCD. Bioconcentration is the net accumulation of a chemical
by an aquatic organism as a result of uptake directly from the ambient water, through gill membranes or
other external body surfaces. Bioaccumulation is the net accumulation of a chemical by an aquatic
organism as a result of uptake from all environmental sources. For hydrophobic chemicals such as
HBCD, aquatic organisms are exposed via both the diet and ambient water. Thus, bioaccumulation
measurements for HBCD more accurately reflect the contribution of all the routes by which aquatic
organisms are exposed.

Bioaccumulation factors were calculated for freshwater food webs in industrialized areas of Southern
China in two separate field studies. He et al. (He et al., 2013) calculated lipid normalized log BAFs of
4.8 — 7.7 (corresponding to BAFs of 63,000 — 50,000,000) for HBCD diastereomer in carp, tilapia, and
catfish, and found higher BAFs for a-HBCD than - and y-HBCD. Wu et al. (Wu et al., 2011) calculated
log BAFs of 2.85 — 5.98 for the total of all HBCD diastereomers (corresponding to BAFs of 700 —
950,000) in a freshwater food web. Log BAFs for each diastereomer in this study were comparable to
one another (see Appendix C.2). La Guardia et al. (La Guardia et al., 2012) calculated log BAFs in
bivalves and gastropods collected downstream of a textile manufacturing outfall; these ranged from 4.2
to 5.3 for a- and B-HBCD (BAFs of 16,000 — 200,000), and from 3.2 to 4.8 for y-HBCD (BAFs of 1,600
—63,000).

Drottar and Kruger, 2000 (Wildlife Intl LTD, 2000) as cited in (ECHA, 2008b) measured BCF values
ranging from 8,974 to 13,085 for HBCD in rainbow trout. Veith et al. (Veith et al., 1979) measured a
BCF of 18,100 for HBCD in fathead minnows. These BCF values indicate that HBCD exhibits very high
bioconcentration in fish. Widespread detection of this substance in aquatic organisms is further evidence
that HBCD bioconcentrates (Marvin et al., 2011; ECHA, 2008b; Covaci et al., 2006). HBCD has also
been shown to biomagnify. Based on measurements of HBCD in invertebrates, fish, birds, and marine
mammals, biomagnification of HBCD in the aquatic food web is evident, with the highest levels of
HBCD measured in seals and porpoises (Shaw et al., 2012; Letcher et al., 2009; ECHA, 2008b; Covaci
et al., 2006; De Boer et al., 2002). Terrestrial food chain bioaccumulation has also been demonstrated. In
a study using breeding peregrine falcon populations in northern and southwestern Sweden, HBCD
concentrations were measured in the eggs of two groups of wild falcons and one group of captive
falcons fed only domestic chickens not exposed to HBCD. HBCD was not detected in the eggs of the
captive falcons but 150 and 250 ng/g lipid was measured in the eggs of the northern and southwestern
populations, respectively, indicating that HBCD bioaccumulation in terrestrial food chains may also be
important (Lindberg et al., 2004).

2.1.2.7 PBT Characterization
HBCD has been found to meet the criteria for Persistent, Bioaccumulative and Toxic (PBT) chemicals in
assessments conducted by EPA’s TRI Program (U.S. EPA, 2016¢), ECB (European Chemicals Bureau)
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(ECHA, 2008b), Environment Canada/Health Canada (Environment Canada, 2011) and NICNAS
(NICNAS, 2012a).

In 2016, EPA finalized a rule adding a hexabromocyclododecane (HBCD) category to the Toxics
Release Inventory (TRI) list of reportable chemicals with a 100-pound reporting threshold. EPA set
reporting threshold for the Toxics Release Inventory (TRI) HBCD category after determining that it
meets the criteria for a PBT chemical. For purposes of EPCRA section 313 reporting, EPA established
persistence half-life criteria for PBT chemicals of 2 months in water/sediment and soil and 2 days in air,
and established bioaccumulation criteria for PBT chemicals as a bioconcentration factor (BCF) or
bioaccumulation factor (BAF) of 1,000 or higher.

In its HBCD risk assessment the European Chemicals Bureau determined that while HBCD does not
unequivocally fulfil the specific P (persistence) criterion, with some reliable studies indicating that
biodegradation can occur, it does not degrade rapidly, and monitoring data indicate a significant degree
of environmental transport and overall stability. The HBCD BCF of 18,100 selected for use in the risk
assessment met the vB (very bioaccumulative) criterion. T (toxicity) criterion was found to be fulfilled
according to available data. The risk assessment further noted that HBCD is ubiquitous in the
environment, being also found in remote areas far away from point sources. The presence of the highest
concentrations of HBCD in marine top-predators such as porpoise and seals provided evidence that
HBCD bioaccumulates up the food chain. Based on an overall assessment it was concluded that HBCD
has PBT properties according to the PBT criteria of the TGD (Technical Guidance Document).

Environment Canada/Health Canada in its Screening Assessment Report on Hexabromocyclododecane
determined HBCD meets the criteria for persistence in water, soil, and sediment as outlined in the
Persistence and Bioaccumulation Regulations under CEPA 1999 (i.e., half-life in water and soil of 182
days or more, and half-life in sediment of 365 days or more). Additionally, HBCD meets the criteria for
persistence in air set out in the same regulations (i.e., half-life of two days or more, or being subject to
atmospheric transport from the source to a remote area), and the criteria for bioaccumulation as specified
in the Persistence and Bioaccumulation Regulations under CEPA 1999 (i.e., bioaccumulation factors
[BAFs] or bioconcentration factors [BCFs] of 5000 or more).

The Australian Government Department of Health, National Industrial Chemicals Notice and
Assessment Scheme (NICNAS) compared the PBT characteristics of HBCD to Australian PBT criteria
and POPs criteria described in the Stockholm Convention. Based on laboratory data and international
environmental monitoring data, sufficient evidence was found to conclude that HBCD will persist in the
environment and meets both Australian and POPs criteria for persistence. Data provided through both
laboratory testing and environmental sampling of biota show the chemical (particularly the o isomer) is
highly bioaccumulative and can be biomagnified through the food chain. HBCD meets both Australian
and POPs criteria for bioaccumulation.

2.1.3 Assumptions and Key Sources of Uncertainty for Fate and Transport
A range of aerobic and anaerobic biodegradation half-lives and bioaccumulation and bioconcentration
values have been reported for HBCD. The range of biodegradation half-lives reported were measured in
laboratory studies based on OECD methods for biodegradation in water, soil and sediment. These
studies are subject to several sources of variability including the specific microbial populations used,
water, soil and sediment chemistry, oxygen concentration/redox potential of the collected samples used
in the study, temperature and test substance concentration as well as variability inherent in the
methodology and interlaboratory variability. No single value of bioconcentration or bioaccumulation is
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universally applicable as it is influenced by these variables and possibly others. However, the results of
these studies do inform the range of environmental half-lives HBCD might exhibit.

Media specific biodegradation half-lives selected for use in the risk evaluation are used as input to the
VVWM-PSC environmental exposure model discussed further in Section 2.3.2. Due to the partitioning
properties of HBCD its major pathway is expected to be partitioning to sediments where it is subject to
biodegradation. The use of a range of half-lives for aerobic sediment are recommended below. The
selection of shorter half-lives in the range as input to the model will result in lower concentrations of
HBCD in sediments and lower exposures to sediment dwelling organisms, possibly reducing risk
estimates for benthic organisms compared to using half-lives at the longer end of the range.

Half-lives estimated from studies ranged from days to greater than 6 months. Taken as a whole, the
studies demonstrate that under some conditions HBCD may undergo some degree of biodegradation
(complete biodegradation has not been reported) while under other conditions it does not appreciably
biodegrade. When this information is combined with environmental monitoring showing the presence of
HBCD in dated sediment cores it can be concluded that HBCD is persistent in the environment.
Furthermore, multiple jurisdictions have agreed, based on the available scientific evidence, that HBCD
meets criteria for persistence under their regulatory schemes (see Section 2.1.2.7 PBT Characterization)

Although a broad range of biodegradation half-lives for HBCD have been reported in laboratory studies
using aerobic and anaerobic soils and sediments and a single study of the biodegradation of HBCD in
water has been reviewed, a limited number of quantitative half-life ranges were selected for use in the
environmental and general population exposure assessments. Three studies (Davis et al., 2006; Davis et
al., 2005; Wildlife Intl, 1996) were used to assess the biodegradation half-lives of HBCD. The results
form a dataset that is too small for rigorous analysis. In lieu of such analysis, studies were selected for
use in the risk evaluation based of their relevance to the routes of entry of HBCD into the environment.
Releases of HBCD in particulate form to air and water are expected from many industrial activities.
Based on the environmental transport properties of HBCD, releases to air are expected to be subject to
wet and dry deposition to water bodies and soil. HBCD entering water bodies is not expected be to
present at high levels in solution, but to sorb to suspended solids and ultimately deposit to sediments.
HBCD deposited to soil is expected to sorb strongly with little movement through the soil column. Soil
bound HBCD can enter water through run-off. Thus, half-lives for water, soil and sediment were
determined to be most relevant for the risk evaluation. The assumption that HBCD enters aerobic
sediments leads to the use of acrobic sediment biodegradation half-lives for this medium. As discussed
further below, HBCD aerobic biodegradation half-lives are longer than anaerobic half- lives for soil (63
to greater than 120 days aerobic vs 6.9 days anaerobic) and sediment (11 to 128 days aerobic vs 1.1 to
92 days anaerobic). The use of the longer aerobic sediment biodegradation half-lives as input to the
environmental exposure model used in the risk evaluation will result in higher concentrations of HBCD
in sediments, possibly increasing risk estimates for benthic organisms compared to using anaerobic
sediment biodegradation half-lives at the shorter end of the range. Soil biodegradation half-lives were
not used as input to exposure models because monitored soil concentrations were available and were
used to assess soil related exposure. Thus, the selection of a particular soil biodegradation half-life did
not impact the exposure or risk evaluation.

An OECD ready biodegradability study (aerobic aqueous medium) on HBCD resulted in no observed
biodegradation in days. This result suggests that acrobic biodegradation in the water column will not be
rapid. Adsorption to suspended solids with subsequent deposition to the upper layer of sediment is likely
a more rapid process than biodegradation in the water column. Thus, sediment half-life in the upper
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sediment layer is more relevant than the water column half-life. It is assumed that the upper layer of
sediments is aerobic. HBCD released to air and deposited on soil surfaces is assumed to sorb strongly
and remain in the surface layer where aerobic conditions prevail. Thus, aerobic soil biodegradation half-
lives are considered most relevant for the soil compartment.

Two studies (Davis et al., 2006; Davis et al., 2005) were selected to assess the biodegradation half-life
of HBCD in aerobic soils and aerobic sediments. Davis et al. 2005 and Davis et al. 2006, reported
aerobic soil biodegradation half-lives ranging from 63 days to greater than 120 days in viable test
systems. Aerobic sediment biodegradation half-lives ranging from 11 days for an HBCD mixture to 128,
92 and 72 days for a-, y-, and p — HBCD, respectively, were reported. From these studies, half-life
values of 2 to 6 months for aerobic soils and 11 days to 4 months for aerobic sediments were chosen.
For aerobic soils these values represent the range reported for biodegradation half-lives of HBCD
mixtures. For aerobic sediments these values represent the shortest half-life reported for an HBCD
mixture and the longest half-life reported for a diastereomer (a- HBCD).

Table 2-2. HBCD Biodegradation Half-Lives Selected for Use in Risk Evaluation

Study

Vel Quality

Property Reference

No biodegradation observed in 28-day closed-bottle
test Organisation for Economic Co-operation and
Development (OECD) Guideline 301D, EPA OTS
796.3200 (

Aerobic
Biodegradation in
Water

(Wildlife Intl
1996) as cited in
EC, 2008)

Medium

Half-life: 128, 92, and 72 days for a-, y-, and B -
HBCD, respectively (estimated), based on a 44%
decrease in total initial radioactivity in viable

freshwater sediment of 14C-labeled HBCD (4.67 (Davis et al.. 2006) High

Aerobic
Biodegradation in
Sediment

mg/kg dry weight) after 112 days; method based on
OECD 308

Half-life: 11 and 32 days (estimated) in viable

sediment collected from Schuylkill River and
Neshaminy creek, respectively, using nominal
HBCD concentrations of 0.034—0.089 mg/kg;
method based on OECD 308

(Davis et al., 2005)

High

Half-life: >120 days (estimated), based on a 10%
decrease in total initial radioactivity in viable soil of

. 14C-labeled HBCD after 113 days; method based on (Davis et al.. 2006) High
Aerobic

Biodegradation in OECD 307 using HBCD at 3.04 mg/kg dry weight

Soil Half-life: 63 days (estimated) in viable soil amended
with activated sludge using a nominal HBCD
concentration of 0.025 mg/kg dry weight; method
based on OECD 307

(Davis et al., 2005)

High

A range of bioconcentration/bioaccumulation values have been reported for HBCD and separately for
the three stereoisomers. The range of reported values were measured in laboratory studies or estimated
from field collected data. These studies are subject to several sources of variability including variability
inherent in the methodology, interlaboratory variability and variability due to factors such as the test
species used, test substance concentration, as well as temporal and spatial factors in collection of field
samples. No single value is universally applicable as it is influenced by these variables and possibly
others. However, taken as a whole, studies indicate HBCD is subject to bioconcentration,
bioaccumulation and trophic magnification.

Page 68 of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443842
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443846
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1928246
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1928246
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3840020
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443842
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443846
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443842
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=1443846

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Field measured bioaccumulation factors (BAFs) selected for use in the risk evaluation are used as input
to the estimation of general population fish ingestion exposure discussed further in Section 2.4.2.3. The
consideration of two BAF values, one higher and one lower, is recommended below. Both studies were
rated high for data quality. The differences in reported BAFs could be due to a number of factors
including the metabolic differences in the test species selected. The selection of the higher BAF as input
to the estimation of general population fish ingestion exposure will result in higher fish tissue
concentrations of HBCD and higher exposures to general population via fish ingestion. This will lead to
estimates of higher risk for this population compared to using the lower BAF value. Due to the small
number of field derived fish BAF studies found (2) it was not possible to assess the variability in field
derived BAFs across field conditions, dissolved HBCD concentrations, species and trophic levels. In
the studies EPA identified, the reported dissolved HBCD concentrations in Chinese water bodies were in
the range of 0.04 to 0.06 ng/L. These are about an order of magnitude lower than the range of dissolved
HBCD surface water concentrations reported in surface water monitoring studies. The range of HBCD
surface water concentrations biota are assumed to be exposed to for the risk evaluation was determined
using monitoring data and model estimates. Using available data, an upper trophic level lipid normalized
field measured BAF (northern snakehead) was selected for use as a surrogate species for the fish
ingestion exposure assessment. The use of lipid normalized field measured BAF data for an upper
trophic level species incorporates results of dietary exposure and biomagnification in the food web.
However, the small number of BAF values, the limited number of species and field conditions add to
uncertainty associated with the use of these BAFs in estimating human exposure to HBCD via fish
ingestion.

For the purposes of the risk evaluation, lipid normalized bioaccumulation factors in whole fish
consumed by humans, and bioconcentration factors in species in aquatic and terrestrial food webs were
used. These values are converted to wet weight BAF values (BAFww) for use in dietary exposure
calculations using the following formula:

BAFww = BAFLw * lipid fraction
See Appendix C.3 for underlying data and calculations of BAFs for HBCD.

Field-measured bioaccumulation factors for HBCD were preferentially used over bioconcentration
factors for the risk evaluation. A BAF derived from data obtained from field-collected samples of tissue
and water is the most direct measure of bioaccumulation. A field-measured BAF is determined from
measured chemical concentrations in an aquatic organism and the ambient water collected from the same
field location. Because the data are collected from a natural aquatic ecosystem, a field-measured BAF
reflects an organism’s exposure to a chemical through all relevant exposure routes (e.g., water, sediment,
diet). A field-measured BAF also reflects factors that influence the bioavailability and metabolism of a
chemical that might occur in the aquatic organism or its food web. Therefore, field-measured BAFs are
appropriate for all chemicals, regardless of the extent of chemical metabolism in biota (U.S. EPA, 2003).
Specifically, the field measured BAFs reported by (He et al., 2013) and (Wu et al., 2010) were selected.
These studies scored high using data quality metrics for environmental fate studies. In addition, the
studies reported BAF values in upper trophic level (i.e., piscivorous fish). BAFs in organisms occupying
higher trophic levels in food webs may better reflect exposure due to dietary uptake than organisms in
lower trophic levels. Using data from He, et al, 2013, an upper trophic level lipid normalized BAF for
total HBCDs of approximately 9,090,000 was calculated from the mean HBCD lipid normalized fish
tissue concentration and the HBCD dissolved water concentration. Using data from Wu, et al, 2010, an
upper trophic level lipid normalized BAF for total HBCDs of approximately 3,120,000 was calculated
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from the mean HBCD lipid normalized fish tissue concentration and the HBCD dissolved water
concentration. It should be noted that in both the studies, sample sizes for fish were small (n=6 — 15) and
variability in tissue concentrations for a single species of fish was as high as 3 times the mean value.
While this variability leads to uncertainty in the use of the data, the preference for the use of upper
trophic level field measured BAFs and lack of other similar studies was considered in the decision to use
the study. The steady-state BCF values in rainbow trout edible portions. (Wildlife Intl LTD, 2000) as
cited in (ECHA, 2008b) were used to supplement the risk evaluation. A kinetic BCF value of 14,039 for
the 0.18 ng/L exposure concentration was calculated to address the possibility that steady state was not
reached (ECHA, 2008b). The study received a high confidence score based on evaluation metrics for fate
studies.

Due to the small number of field derived fish BAF studies found (2) it was not possible to assess the
variability in field derived BAFs. EPA did not have a sufficient number of bioaccumulation studies to
follow the Office of Water methodology for deriving bioaccumulation factors intended to develop BAFs
for setting national water quality criteria (U.S. EPA 2000)(U.S. EPA) The methodology is generally
used with large sets of BAF data for multiple trophic levels and species from studies reflecting a range
of geochemical and biological conditions. EPA identified two BCF studies and two BAF studies on
HBCD. BAF studies are preferred over BCF studies because they represent exposure of the organism to
HBCD via all routes, including diet which is important for a hydrophobic chemical such as HBCD. The
BAF studies (Wu et al. 2010; He et al. 2013) reported data EPA used to calculate upper trophic level
lipid normalized BAFs for several trophic levels, however, the species reported were native to China.
With limited available data EPA chose to use the upper trophic level species (northern snakehead) as a
surrogate for an upper trophic level species native fish and assume its lipid normalized BAF as
equivalent to that of an upper trophic level native fish. Because a single BAF from a single species is
used, impacts of factors including lipid content, organism size, spatial and temporal variability in
exposure concentrations, sample size, trophic position and differences in food webs and ecosystems
cannot be considered. The absence of this information creates uncertainty in how representative the BAF
may be and if its use will under or overpredict fish tissue concentrations and human exposure via fish
ingestion.

Table 2-3. HBCD Bioaccumulation and Bioconcentration Factors Selected for Consideration in
Risk Evaluation

Property Value Reference Study Quality
Upper trophic level lipid normalized BAF for total
HBCDs of approximately 9,090,000 calculated from
the mean HBCD lipid normalized fish tissue .
concentration and gle HBCD dissolved water (He ctal.. 2013) High
Field Measured concentration.
Bioaccumulation |Wet weight BAF 290,880
Factor (BAF) Upper trophic level lipid normalized BAF for total
HBCDs of approximately 3,120,000 calculated from the
mean HBCD lipid normalized fish tissue concentration (Wu et al., 2010) High
and the HBCD dissolved water concentration.
Wet weight BAF 46,488
fathead minnow 18,100 (whole body) (Veith et al., 1979) High
Bioconcentration |rainbow trout 4650 — 6531 (edible portion) (Wildlife Intl LTD,
Factor (BCF) 14039 (kinetic BCF 0.18 pg/L exposure concentration) |  2000) as cited in High
(ECHA, 2008b)
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2.2 Releases to the Environment

EPA assessed environmental releases of HBCD for the following HBCD conditions of use:
1. Processing: Repackaging of Import Containers

Processing: Compounding of Polystyrene Resin to Produce XPS Masterbatch

Processing: Manufacturing of XPS Foam using XPS Masterbatch

Processing: Manufacturing of XPS Foam using HBCD Powder

Processing: Manufacturing of EPS Foam from Imported EPS Resin Beads

Processing: Manufacturing of SIPs and Automobile Replacement Parts from XPS/EPS Foam

Use: Installation of Automobile Replacement Parts

Use: Installation of XPS/EPS Foam Insulation in Residential, Public and Commercial Buildings,

and Other Structures

9. Demolition and Disposal of XPS/EPS Foam Insulation Products in Residential, Public and
Commercial Buildings, and Other Structures

10. Processing: Recycling of EPS Foam

11. Processing: Formulation of Flux/Solder Pastes

12. Use of Flux/Solder Pastes

S A

Appendix E includes a crosswalk between the subcategories of use listed in the Problem Formulation
Document for Cyclic Aliphatic Bromide Cluster (HBCD) and the conditions of use assessed in this risk
evaluation.

Components of the Environmental Release Assessment
The environmental release assessment of each condition of use comprises the following components:

e Process Description: A description of the condition of use, including the role of the chemical in
the use; process vessels, equipment, and tools used during the condition of use; and descriptions
of the worker activities, including an assessment for potential points of worker exposure and
environmental releases.

e Facility Estimates / Processing or Use Volume and Number of Sites: An estimate of the
quantity of HBCD imported, processed, or otherwise used for each condition of use. An estimate
of the number of sites that use the chemical for the given condition of use.

¢ Environmental Releases: Estimates of chemical released into the environment (air, surface
water, land) and wastes disposed to treatment methods (incinerators, wastewater treatment
plants).

2.2.1 Release Assessment Approach and Methodology

Process Description

EPA performed a literature search to find descriptions of processes involved in each condition of use to
identify worker activities that could potentially result in releases to the environment. Where process
descriptions were unclear or not available, EPA referenced relevant emission scenario documents
(ESD’s) and generic scenarios (GS’s), specifically the 2009 OECD ESD on Plastic Additives, the 2014
Draft OECD ESD on Use of Additives in Plastics Compounding, and the 2010 OECD ESD on
Chemicals Used in the Electronics Industry. The process description for each condition of use will be
discussed in this section.

Processing or Use Volume and Number of Sites
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As indicated in Section 1.2.2 and 1.2.3, EPA has determined that the import of HBCD constitutes an
intended, known and reasonably foreseen activity. The companies identified by the 2016 CDR as
importers of HBCD have ceased importing, processing and using HBCD. The possibility exists that
small firms could import quantities of up to 100,000 Ibs/year per site without reporting to CDR. For the
purpose of this risk evaluation, EPA used the CDR reporting threshold for small manufacturers
(importers) of 100,000 pounds per year as the volume of HBCD imported by a possible unidentified site.
EPA believes this volume is not unreasonable considering the recent relatively high volumes of HBCD
manufactured / imported, processed and used through 2017 for XPS/EPS foam as shown in Table 1-2.
and Table 1-4. EPA does note, however, that 100,000 pounds per year is an upper bound for the import
volume for the unknown site, otherwise, the site would be out of compliance with CDR reporting
requirements. The lifecycle of the imported HBCD and more specifically the percentage of the volume
used for each of the COUs is uncertain, and therefore, EPA uses the volume basis of 100,000 pounds per
site per year to estimate environmental releases and exposures of each of the following COUs that entail
the processing of HBCD for products and formulations containing HBCD:

Processing: Repackaging of Import Containers

Processing: Compounding of Polystyrene Resin to Produce XPS Masterbatch

Processing: Manufacturing of XPS Foam using XPS Masterbatch

Processing: Manufacturing of XPS Foam using HBCD Powder

Processing: Manufacturing of EPS Foam from Imported EPS Resin Beads

Processing: Manufacturing of SIPs and Automobile Replacement Parts from XPS/EPS Foam
(the processing volume for each condition of use is 100,000 pounds/year)

A

The import volume of 100,000 pounds per year is also used for assessing releases, number of sites, and
exposures for the following conditions of use and will be further described in Sections 2.2.8 and 2.2.9,
respectively:

a) Use: Installation of Automobile Replacement Parts
b) Use: Installation of XPS/EPS Foam Insulation in Residential, Public and Commercial Buildings,
and Other Structures

EPA performed the sensitivity analysis for selected conditions of use using import volumes of 50,000
Ibs/yr and 25,000 Ibs/yr to examine the effect of process volume on environmental releases and resulting
general population exposures and the environment. This is discussed in Section 2.2.14.

Environmental Release Assessment

EPA assessed, where applicable, releases to fugitive or stack air, discharges to on-site wastewater
treatment (WWT), Publicly Owned Treatment Works (POTWs), or surface water, disposal to landfill,
and treatment via incineration. EPA refers to these as methods of release, disposal, treatment, or disposal
in the remainder of this section. All releases assessed are of solid HBCD or solid mixtures containing
HBCD.

EPA assessed releases to landfill for Processing: Repackaging of Import Containers, Processing:
Manufacturing of EPS Foam from Imported EPS Resin Beads, Processing: Recycling of EPS Foam and
Reuse of XPS Foam, Processing: Manufacturing of SIPs and Automobile Replacement Parts from
XPS/EPS Foam, and Use: Installation of XPS/EPS Foam Insulation in Residential, Public, and
Commercial Buildings, and Other Structures in accordance with the 2009 OECD ESD on Plastic
Additives. EPA assessed releases to landfill for Demolition and Disposal in accordance with data from
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(Managaki et al., 2009) and for Use of Flux/Solder Pastes in accordance with the 2010 OECD ESD on
Chemicals Used in the Electronics Industry. The landfill types is not specified in these sources. Releases
to RCRA Subtitle C hazardous waste landfills and RCRA Subtitle D municipal solid waste landfills
(MWSLFs) are not included in the risk evaluation, as discussed in the PF document (U.S. EPA. 2018f).
However, because HBCD is not designated as hazardous waste, EPA believes that HBCD waste may be
sent to industrial non-hazardous landfills, which are described here:
https://www.epa.gov/landfills/industrial-and-construction-and-demolition-cd-landfills. Therefore, EPA
assessed releases to these types of landfills.

EPA gathered and evaluated environmental release information according to the process described in the
Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a). The key data sources
resulting from this process that were used to assess releases include 2017 TRI data, the European Union
Risk Assessment Report (EURAR), and Managaki et al (Managaki et al., 2009). The 2017 TRI data has
an overall confidence rating of medium. The EURAR and Managaki et al (2009) have overall
confidence ratings of high. EPA prefers directly applicable release data; however, where these data were
not available, EPA used emission factors from the 2009 OECD ESD on Plastic Additives, the 2018
Draft GS on the Application of Spray Polyurethane Foam, and the 2010 OECD ESD on Chemicals Used
in the Electronics Industry.

Where available, EPA used 2017 TRI data to provide a basis for estimating releases. Facilities are only
required to report to TRI if the facility has 10 or more full-time employee equivalents, is included in an
applicable NAICS code, and manufactures, processes, or otherwise uses the chemical in quantities
greater than a certain threshold in a given year (100-pound threshold for HBCD). Due to these
limitations, some sites that use HBCD may not report to TRI and are not included in these datasets. EPA
did not use some of the TRI data based on additional information gathered about current uses and
reported releases. Specifically, EPA did not use the 2017 releases reported by Flame Control Coatings,
LLC. The company indicated that they have ceased the use of HBCD in coatings. As indicated in
Section 1.2.7, EPA determined this is a discontinued use of HBCD.

Where releases are possible, but TRI data were not available, releases were estimated using release data
from the European Union Risk Assessment Report (EURAR) or relevant OECD Emission Scenario
Documents (ESDs) or EPA Generic Scenarios (GSs). EPA rated the release data from the EURAR an
overall confidence rating of High during the systematic review process. This rating takes into account
the reliability of the data (EPA considers the European Chemicals Agency [ECHA] to be a reliable
source), the representativeness of the data, the accessibility / clarity of the data, and the variability and
uncertainty of the data. ESDs and GSs are standard sources used by RAD for engineering assessments.
These documents provide information on particular processes, including release sources, emission
factors, and method of release, disposal, treatment, or discharge.!' EPA attempts to address variability in
releases estimated with EURAR or OECD ESD and EPA GS data by estimating ranges of emission
factors and release days, as further described below.

Specifically, for each condition of use, EPA estimated daily and annual quantities of HBCD released,
where applicable using the following parameters:

o The annual importation, processing, or use volume per site.

o The number of importation, processing, or use sites.

11 Additional information on OECD ESDs can be found at: http://www.oecd.org/chemicalsafety/risk-
assessment/introductiontoemissionscenariodocuments.htm. Additional information on EPA GSs can be found at:
https://www.epa.gov/tsca-screening-tools/chemsteer-chemical-screening-tool-exposures-and-environmental-releases.
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° The emission factors for releases of HBCD.
o The number of days of HBCD releases.

The general approach for determining annual importation, processing, or use volume and the associated
number of sites for each condition of use is discussed above.

An emission factor is the fraction of material emitted or released per unit volume (i.e., kg released/kg
throughput) during a specific activity or condition of use (e.g., import, processing, or use). EPA
determined emission factors either from EURAR data or from ESDs or GSs. Where available, EPA used
EURAR release data, which is available as annual site-specific HBCD release quantities. The associated
HBCD processing volumes at these sites were not provided in the EURAR. The EURAR only provided
the combined HBCD processing volume for all the sites for which release data was provided. EPA could
not calculate site-specific emission factors due to the lack of site-specific HBCD processing volumes.
Using EURAR data, EPA calculated overall emission factors for a condition of use by dividing the total
amount of HBCD released for all sites by the total HBCD processing volume for all the sites. For the
purpose of this risk evaluation, EPA refers to these emission factors as average emission factors. In
some cases, the EURAR provided what they call “worst-case” emission factors, described as being
derived from the site with the highest release estimates. In these cases, EPA used these “worst-case”
emission factors as they were reported by the EURAR because EPA could not calculate them without
the site-specific HBCD processing volumes. EPA used both the average and “worst-case” emission
factors from the EURAR to provide a range of emission factors and release quantities.

Where EURAR data were not available, EPA used emission factors that were reported in OECD ESDs
or EPA GSs. Where there were multiple approaches for estimating emission factors in the ESDs or GSs,
such as from assuming different types of containers or vessels are being cleaned, EPA assessed a range
of emission factors. The information provided in ESDs and GSs generally do not have statistical
characterization of the emission factors.

EPA calculated a range of annual release quantities for each condition of use by multiplying the range of
emission factors and the annual throughput of HBCD at a site that was assumed by EPA for this risk
evaluation. EPA calculated daily release quantities by dividing the range of annual release quantities by
the estimated number of release days. For all conditions of use, EPA estimated a range of release days to
generate a range of daily release estimates. In general, EPA used the lowest estimated value and the
highest estimated value of number of release days to develop a range. EPA does not know the statistical
characterization (e.g., mean, maximum, 95" percentile) of these ranges because EPA did not find a
comprehensive dataset of release days from which these statistics could be calculated. In order to
develop estimates of release days in support of determining these ranges, EPA used one or a
combination of the following approaches, in order of priority:

e Where available, EPA used the number of release days reported in the EURAR for the sites with
HBCD release days. The number of release days is based on industry data for sites that perform
the same operations as those being assessed.

e Where data on release days reported by industry was not available, EPA estimated the number of
release days using ESDs or GSs.

e Where data were limited using the above two approaches, EPA estimated the number of release
days using the European Communities Technical Guidance Document (ECB, 2003). This
technical guidance document contains methodology for estimating the number of release days
using the industry category (i.e., chemical manufacturing, polymer processing, electronics),
function within the industry (i.e., manufacturing, formulation, or use), and the throughput of the
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chemical of interest (i.e., HBCD importation, processing, or use volume). EPA estimated the
number of release days using the most applicable industry category, which was the polymer
processing industry in most, but not all, conditions of use. EPA then selected the most applicable
function within the industry for the condition of use and used the assessed site-specific HBCD
throughput to determine the number of release days. In some cases, where the above two
approaches could not be used, EPA developed ranges of release days using this method by
determining the lowest and highest number of potential release days by varying the function and
HBCD throughput within an industry category.

Using the HBCD throughput, number of sites, a range of emission factors, and a range or release days,
EPA calculated a range of daily releases per site for each condition of use using Equation 2-1:

Equation 2-1 R=[(V+Ng)Xfl+Ny

R = the amount of HBCD released per day to water, air, or landfill from a site (kg per day per
site)
V= annual U.S. HBCD importation, processing, or use volume (kg per yr)
Ns; = the number of U.S. importation, processing, or use sites (sites)
f= emission factor for release of HBCD to water, air, or landfill from a process (kg of HBCD
released to water or air or landfill per kg of HBCD imported, processed or used)
N4 = the number of release days per year from a site (days)

Specific details related to the use of release data or models and the calculation of ranges of emission
factors and release days for each condition of use are further described below.

Releases to air were assessed as hourly rates to enable the modeling of these releases for the assessment
of general population exposure. EPA assumes the industrial processes that are associated with the
condition of use are operated at least 8 hours per day . Furthermore, air release sources such as
unloading and addition into processing equipment may occur throughout a day, so EPA assumes air
releases may occur over the entire operation time of 8 hours/day. This may result in underestimation or
overestimation of the hourly rate of releases to air.

2.2.2 Processing: Repackaging of Import Containers
In the United States, HBCD was manufactured in three grades: fine powder, standard grade powder, and
granules (ECHA., 2008b). HBCD particle size distribution in HBCD products varied depending on the
producer and is summarized as follows (NICNAS, 2012b; ECHA., 2008b):
e For fine grade powder, the mean particle size was 2 to 19 pm.
e For standard grade powder, the mean particle size was 20 to 150 pm.
e For granules, the mean particle size was 560 to 2,400 um.

HBCD was manufactured at a purity of 90% to 100% HBCD (NICNAS. 2012b; KemlI, 2009). EPA
expects that HBCD would also be imported into the United States at this purity in standard grade
powder or granular form as specified above. HBCD may also be imported in EPS resin beads at a
concentration of 0.7% or in XPS masterbatch at a concentration of 40-70% (NICNAS, 2012b; ECHA,
2008b). Micronized (fine grade) powder is typically used in textile and adhesive formulations
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(NICNAS., 2012b; ECHA, 2008b), which EPA has determined are no longer conditions of use in the
United States and are not assessed in this risk evaluation.

EPA has not identified information on the importation and repackaging of HBCD within the United
States. However, EPA expects that importation activities described in risk assessments performed by
other countries are similar to those performed in the United States.

The Australian Priority Existing Chemical Assessment Report on HBCD indicates that powder or
granular HBCD was imported into Australia in 25-kg polylined paper bags and states that this took place
prior to 2010. The report also indicates that EPS resin beads containing HBCD were imported in 25-kg
polylined paper bags and 700-kg lined meshed plastic bags (NICNAS, 2012b). The European Union
Risk Assessment Report (EURAR) on HBCD indicates that HBCD powder was packaged in 850-kg
boxes (ECHA, 2008b). Based on information from the Australian Report and the EURAR, EPA
evaluated releases from repackaging assuming HBCD may be imported in 700-kg bags or 850-kg boxes,
which may be repackaged into differently sized containers, depending on customer demand, and quality
control (QC) samples may be taken for analyses.

Once imported into the United States, HBCD powder is used to produce XPS masterbatch or to directly
produce XPS foam.!? Imported EPS resin beads are used to produce EPS foam. Repackaging of import
containers occurs on an as-needed basis, driven by customer demand. Exposures and releases are not
expected if repackaging of HBCD into smaller containers does not occur.

Environmental Release Assessment Methodology

Facility Estimates
As discussed in Section 2.2.1, EPA estimates environmental releases based on a processing volume of
100,000 pounds per site per year and estimates a single unidentified site for this condition of use.

Release Sources

Based on the process description, EPA infers that releases may occur from dust generation during the
transfer of HBCD powder, granules, or masterbatch from import containers into new containers and
from residual HBCD in the emptied import containers that are disposed. NICNAS (2012b) includes
information from one company that repackaged HBCD in an open or semi-closed process. EPA does not
know the prevalence of closed repackaging systems in the United States and estimates dust releases as
described below. Repackaging of HBCD into smaller containers may involve the use of equipment, such
as hoppers. However, EPA believes that the cleaning of such equipment would be infrequent (e.g., done
for maintenance purposes only) and there would be minimal residual material in the equipment prior to
cleaning because such equipment would be designed for gravity flow of solid particulates. Therefore,
EPA did not assess releases from equipment cleaning in this condition of use. NICNAS (2012b) and
Environment Canada (EC/HC, 2011) did not assess release from equipment cleaning. The EURAR
(ECHA., 2008b) did not assess repackaging as a condition of use.

Emission Factors
EPA used the emission factors given in the 2009 OECD ESD on Plastic Additives (OECD, 2009),
specifically for flame retardants used in activities expected to occur during this condition of use, as

12 In this Risk Evaluation, EPA refers to EPS and XPS foam articles, including insulation, as EPS and XPS foam. Note that
the Problem Formulation for Cyclic Aliphatic Bromides Cluster (HBCD) prepared prior to this Risk Evaluation often referred
to these foam articles simply as EPS and XPS.
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described below. The 2009 OECD ESD on Plastics Additives estimates releases by applying emission
factors to the throughput of the chemical of interest, in this case HBCD (OECD, 2009). For dust
releases, the OECD ESD estimates an emission factor of up to 0.5% for fine particles (<40 pm) and
0.1% for coarse particles (>40 um). EPA uses this range of emission factors to estimate dust releases.
Per the OECD ESD, the initial release is to air, with particles eventually settling and being disposed of
as solid waste or discharged in wastewater from cleaning of surfaces onto which the particles have
settled (OECD, 2009). The specific method of release, disposal, treatment, or discharge is dependent on
site-specific factors, such as any pollution controls that are implemented at that site, as well as other
factors such as the equipment used and size of the importation site. EPA does not know the prevalence
of dust capture and control technologies at importation sites in the United States. Depending on site-
specific conditions, HBCD may be released to stack air or fugitive air, discharged to POTW or onsite
WWT, disposed of to landfill, or treated via incineration (OECD, 2009).

For container residue, the OECD ESD on Plastics Additives uses an emission factor of 1%. The OECD
ESD indicates that containers are likely to be disposed of to landfill. EPA uses this emission factor to
estimate release of solid HBCD from container disposal to landfill. Although there is no statistical
characterization of this emission factor, EPA believes the 1% emission factor is in the upper end of the
distribution based on EPA’s experience. No other release sources are identified in the OECD ESD or
expected by EPA, based on the process description, for this condition of use.

A summary of the release sources assessed by EPA is presented in Table 2-4.

Table 2-4. Summary of HBCD Release Sources During Repackaging of Import Containers

Method of Release,

Release Source

Emission Factor used in
this Risk Evaluation

Disposal, Treatment, or
Discharge Assessed in
this Risk Evaluation

Basis or Source

Dust generation from
unloading solid standard
grade powder from import

0.001-0.005 kg HBCD
released/’kg HBCD
handled

Uncertain:
Stack air, or Fugitive Air,
POTW, Onsite WWT,

(OECD. 2009)

containers into new
containers

Landfill, or Incineration

Disposal of import
containers (bags)
containing solid HBCD

0.01 kg HBCD released/kg
HBCD in containers

100% Landfill (OECD, 2009)

Number of Release Days

EPA estimated the number of release days based on information in the European Communities
Technical Guidance Document (ECB, 2003). EPA estimated the lowest and highest possible number of
release days per year using data from the basic chemicals industry category in the European
Communities Technical Guidance Document. EPA calculates a lower value of 29 days/year and an
upper value of 300 days/year. This range of number of release days per year seems reasonable in
comparison to information from the Australian risk assessment (NICNAS. 2012b) which indicates that
one company in Australia infrequently repackaged HBCD imported in 25-kg bags into 15-kg bags at a
rate of one metric ton of HBCD repackaged every three months over a period of five days per
repackaging campaign. Using this repackaging rate of one metric ton (2,205 pounds) over five days and
EPA’s production volume of 100,000 pounds HBCD/year, EPA calculates a United States repackaging
frequency of approximately 227 days/year. The estimate of 227 day/year falls within the range of 29 to
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300 days/year. Based on these data, EPA estimated a range of release days for this condition of use of 29
to 300 days/year.

The data sources used to estimate releases in this section are listed in Table 2-5 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-5. Repackaging of Import Containers - HBCD Release Data Source Evaluation

Overall Confidence Rating

Source Reference Data Type Value of Data

29 to 300 days/year for all

(ECB, 2003) Days of Release
releases

Medium

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-6.

Table 2-6. Input Variables to Equation 2-1 for Repackaging of HBCD Import Containers

Input Variable
f
\ Ns (kg HBCD released/kg HBCD imported) Na
(of HBCD) (sites) (days/yr)
Lower value of emission factors Upper value of emission factors

100,000 pounds/year = 1 0.001 to Stack air, Fugitive Air, 0.005 to Stack air, Fugitive Air, 29-300
45,359 kg/year® POTW, Onsite WWT, Landfill, POTW, Onsite WWT, Landfill, and/or

and/or Incineration Incineration

0.01 to Landfill 0.01 to Landfill
2 CDR reporting threshold for small manufacturers (U.S. EPA, 2016a)

The results of these calculations for all methods of release, disposal, treatment, or discharge are
summarized in Table 2-7. EPA presents a range of release estimates from the 2009 OECD ESD on
Plastic Additives (OECD, 2009), varied over a range of release days, as previously discussed. The
repackaging of import containers may result in releases to air, discharge to POTW, and/or disposal to
landfill. Overall, disposal to landfill exceeds air releases and wastewater discharges, largely due to the
disposal of the bags in which HBCD is imported.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates and medium confidence
in the assessed range of number of release days per year that are presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA is highly confident in this
assessment approach, which is a strength of the assessment. EPA implemented this approach using
emission factor data and data on number of release days and assigned an overall confidence rating of
medium to the data on number of release days using systematic review as discussed above; the quality of
the emission factor data was not evaluated because this data was obtained from an OECD ESD. The
limitations of the assessment are uncertainties about the extents to which the emission factor data and
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the data on number of days of release per year are applicable to the HBCD processing that would occur
in the U.S. Based on the strength and limitations of the assessment, EPA has medium to high confidence
in the assessment results.
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Table 2-7. Summary of HBCD Releases from Repackaging of Import Containers

Releases calculated from lower value of range of | Releases calculated from upper value of range of
emission factors " emission factors "

Daily Release Daily Release Hours of
Method oLt Wil Annual (kg/site-day) Lzl Annual (kg/site-day) Number| Release

Release Source| Disposal, Treatment,| Annual Annual .
. Release Per Number Release Per of Sites | per Day
or Discharge (a) |Release for Site Number of of release Release for Site Number of | Number of (hr/day)

All Sites (kg/site-yr) release days: days: 300 All Sites (kg/site-yr) release days: |release days:
kg/ . kg/
(kg/yr) 29 days/year days/year (kg/yr) 29 days/year 300 days/year
Dust release May go to one or
durin more: Stack air, 8

ne Fugitive Air, on-site 45.4 454 1.56 0.15 227 227 7.82 0.756 1

unloading of hours/day
HBCD WWT, POTW,
landfill, or incineration
Disposal of
transport bags Landfill 454 454 15.64 1.51 454 454 15.64 1.51 1 8
containing solid hours/day
HBCD residual

" The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,
size of the site, and waste handling practices, including any pollution controls used.
P Release estimates are quantities of HBCD. The physical form of these releases is solid HBCD.
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2.2.3 Processing: Compounding of Polystyrene Resin to Produce XPS Masterbatch

Imported HBCD powder or granules may be compounded into an XPS masterbatch prior to being sold
to XPS foam manufacturers, who then convert the XPS masterbatch into XPS foam. Imported HBCD
powder may be sent to XPS masterbatch compounding sites in 25-kg bags or supersacks (ECHA
2008b). HBCD is unloaded into a hopper and pre-blended with polystyrene in the hopper or else
transferred directly to mixing equipment. From the mixer, the mixture is then fed into an extruder where
it is extruded through a die to produce pellets or granules (NICNAS, 2012b). The pellets or granules are
air-cooled or cooled in a water bath, dried, and then packaged (ECHA, 2008b). The HBCD content in
the XPS masterbatch is up to 40-70% of the pellets (NICNAS, 2012b; ECHA, 2008b). The packaged
XPS masterbatch is then sent to converting sites, where it is turned into XPS foam.

Environmental Release Assessment Methodology

Facility Estimates
As discussed in Section 2.2.1, EPA estimates environmental releases based on a processing volume of
100,000 pounds per site per year and estimates a single unidentified site for this condition of use.

Release Sources

Based on the process description, EPA infers that releases may occur from: dust generation during
unloading of the HBCD powder or granules from the bags in which they were received and during the
compounding process; disposal of the bags in which the HBCD powder is received; and cleaning of
process equipment.

Emission Factors

EPA estimated emission factors based on site-specific release data reported in the EURAR (ECHA
2008b). The EURAR identified 14 sites in the EU that compound polystyrene to produce XPS
masterbatch that is flame retarded with HBCD (ECHA., 2008b). Site-specific annual release rates of
solid HBCD were reported for three of the sites, indicating releases to wastewater and air, which are
summarized in Table 2-8. To maintain confidentiality, the EURAR did not provide site-specific HBCD
processing volumes with which site-specific emission factors could be calculated. However, the EURAR
provided the total HBCD processing volume for the three sites for which release data is available. EPA
calculated overall average emission factors to air and water by dividing the total HBCD release to air or
water from all three sites by the total HBCD processing volume for the three sites. EPA calculated
overall average emission factors of 3.22x10~ kg HBCD discharged/kg HBCD processed to water and
6.12 x10® kg HBCD released/kg HBCD processed to air.

The EURAR also provided emission factors of 7.42x107° kg HBCD discharged/kg HBCD processed to
water and 7.31x10°¢ kg HBCD released/kg HBCD processed to air, indicating that these are the “worst-
case” factors that the EURAR calculated using the site-specific release and HBCD processing volume
data from the three sites. Because site-specific HBCD processing volume data were not provided, EPA
could not calculate these “worst-case” emission factors. EPA used both the “worst-case” emission
factors as they were reported in the EURAR and the average emission factors calculated by EPA to
provide a range of release estimates during this condition of use.

The EURAR indicates that wastewater discharges are to wastewater treatment. EPA did not identify

information about the prevalence of wastewater treatment at these types of processing sites in the United

States and hence assumed that water discharges from this condition of use can be to surface water,

POTW, and/or onsite wastewater treatment. The EURAR does not specify if the reported air releases for
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these three sites are to stack or fugitive air. Sites may implement dust capture technologies that may
determine whether this release is to stack or fugitive air. EPA did not identify information on the
prevalence of dust capture technologies at processing sites in the United States and assesses this release
may include stack air and/or fugitive air.

Table 2-8. HBCD Release Data Reported in the EURAR for XPS Masterbatch Production

Site-Specific Release Data

Release to Water Release to Air Process Volume
Site Identity
kg/yr kg/yr
Site 1 0.12 2.6

The EURAR identifies a total of 1,160
Site 2 0.27 1.2 metric tons of HBCD is processed at the 3
sites with site-specific release data.

Site 3 37 3.3

Number of Release Days

EPA estimated the number of release days based on information reported in the European Communities
Technical Guidance Document (ECB, 2003) because the actual number of release days associated with
the site-specific annual release rates discussed above is not reported in the EURAR. Instead, the number
of release days reported in the EURAR are defaults recommended in the European Communities
Technical Guidance Document (ECB, 2003). The Environment Canada assessment also estimated
emission days for compounding with the same methodology (EC/HC, 2011). HBCD compounding
occurs once per day at a site for the production polystyrene masterbatch according to the Australian risk
assessment. EPA did not use this information because the HBCD processing volume is not reported.
Using the European Communities Technical Guidance Document (ECB, 2003) and the defaults for
formulation within the polymer industry, EPA estimated 60 emission days/year for an HBCD processing
volume of 100,000 pounds (45.3 metric tons). EPA used the 2014 Draft OECD ESD on Use of
Additives in the Plastics Compounding to estimate the number of release days during this condition of
use. The OECD ESD indicates that, based on EPA new chemical submissions from industry, that the
lowest number of operating days reported was 10 days/year (U.S. EPA, 2014a). Based on these data,
EPA estimated a range of release days of 10 to 60 days/year.

The data sources used to estimate releases in this section are listed in Table 2-9 along with the data
quality score. See Appendix D for more details about data source evaluation.
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Table 2-9. Compounding of Polystyrene to Produce XPS Masterbatch Release Data Source
Evaluation

Source Reference Data Type Value e Cong(;(te:ce LU L0

Site-Specific Release

Data See Table 2-8 High

(ECHA. 2008b)

“Worst-Case” Emission | 7.42x107 to water

(ECHA. 2008b) Factors and 7.31 x10° to air High
(ECB. 2003) Release Days 10 to 60 days/year Medium
for all releases

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-10.

Table 2-10. Input Variables to Equation 2-1 for XPS Masterbatch Production

Input Variable
f
V4 Ns (kg HBCD released/kg HBCD processed) Na
(of HBCD) (sites) | Average calculated from « > ot (days/yr)
EURAR data Worst-case” given in EURAR

100,000 pounds/year |1 6.12E-06 to stack air and/or 7.31E-06 to stack air and/or 10-60
= 45,359 kg/year fugitive air fugitive air

3.22E-05 to surface water, onsite | 7.42E-05 to surface water, onsite

WWT, and/or POTW WWT, and/or POTW
Note: *CDR reporting threshold for small manufacturers (U.S. EPA, 2016a)

The daily amount of solid HBCD released per site from compounding of polystyrene to produce XPS
masterbatch was calculated with Equation 2-1. The results of these calculations are summarized in Table
2-11.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates and medium confidence
in the assessed range of number of release days per year that are presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA is highly confident in this
assessment approach, which is a strength of the assessment. EPA implemented this approach using the
following two groups of data: (a) release, processing volume and emission factor data and (b) data on
number of release days and assigned an overall confidence rating of high and medium, respectively, to
these two groups using systematic review as indicated above. The limitations of the assessment are
uncertainties about the extents to which the emission factor data, including the emission factors
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calculated from release and processing volume data, and the data on number of days of release per year
are applicable to the HBCD processing that would occur in the U.S. Based on the strength and
limitations of the assessment, EPA has medium to high confidence in the assessment results.

Table 2-11. Summary of HBCD Releases from XPS Masterbatch Production

Releases calculated from average
emission factor based on EURAR

Releases calculated from worst
case emission factor as it was

release data ® reported in the EURAR P
1\%::12 (;(sle()f Daily Release Daily Release Hours of!
. ¢ Total (kg/site-day) Total |Annual| (kg/site-day) |(Numb
Disposal, Annual Release
Release Source Treatment Annual Release Annual| Releas ~— 0 er of per Day
or Discharg,e Release |, Site Number | Number Release) ¢ Per m;lf - m:f | i (hr/day)
a f0r All (kg/site- Of release f0r All Slte
Sites of release days: 60 Sites |(kg/site release | release
(kg/yr) | YD) |days: 10 days/yea| (kg/yr)| -yr) [days: 10/days: 60
days/year , days/yealdays/yea
r r
Unknown — these
data were M ;
reported by EU ay o Ofme 8
sites in the Sgci(ngirf;)r 0.278 | 0278 | 0.028 |4.63E-03| 0.332 | 0.332 | 0.033 [5.53E-03| 1 |hours/da
EURAR as total fugitive ai y
annual release per gitive air
site
Unknown — these
data were May go to one
reported by EU ()Srurrllfzf;' 8
sites in the Water. Onsite 1.46 1.46 0.15 |2.44E-02| 3.37 | 3.37 | 0.337 [5.61E-02| 1 |hours/da
EURAR as total WV\;T or y
annual Z?tl:ase PEr poTW

used.

" The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific
conditions, including type of equipment use, size of the site, and waste handling practices, including any pollution controls

> Release estimates are quantities of HBCD. The physical form of these releases is solid HBCD or solid mixtures containing
polystyrene and HBCD.

2.2.4 Processing: Manufacturing of XPS Foam using XPS Masterbatch

XPS masterbatch is used to make XPS foam. The HBCD content in the XPS masterbatch ranges from 40
to 70 weight percent within the XPS masterbatch pellets or granules (NICNAS, 2012b; ECHA, 2008b).

Once received at XPS foam production sites, the XPS masterbatch, along with additional polystyrene

and other additives such as dyes, are charged to an extruder (

ECHA., 2008b). In the extruder, the

polystyrene is melted, allowing the HBCD and other additives to become suspended in a polymer gel.
Blowing agent is added to the gel, the gel is cooled, and it is then extruded through a die where the
blowing agent volatilizes. This volatilization within the plastic gel causes the plastic to become a foam

as it is extruded (

2015; Takigami et al., 2014; EC/HC, 2011; ECHA, 2008Db).

ECHA., 2008b). HBCD content in XPS foam ranges from 0.5 to 3 wt% (

U.S. EPA

Once the XPS foam is made, it may be cut, sawed, or machined into various shapes (often referred to as
secondary processing), shrink-wrapped, palleted, and shipped to structural insulated panels (SIPs) and
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automotive replacement part production sites or directly to end users for installation into structures such
as buildings (ECHA. 2008b). Additionally, XPS foam scraps from secondary processing or oft-
specification products may be ground and recycled back into the XPS foam production process (often
referred to as reclamation) (ECHA. 2008b).

Environmental Release Assessment Methodology

Facility Estimates
As discussed in Section 2.2.1, EPA estimates environmental releases based on a processing volume of
100,000 pounds per site per year and estimates a single unidentified site for this condition of use.

Release Sources

Based on the process description, EPA infers that HBCD releases may occur from: dust generation
during unloading the XPS masterbatch from the bags in which they were received; disposal of the bags
in which the XPS masterbatch is received; and periodic cleaning of process equipment.

Foam manufacturing sites may also generate dust and scraps from cutting or trimming of XPS foam into
panels or other shapes for shipment to end users. However, both the EU and Australian risk assessments
specify that industry provided information indicated that generated dust and trimmings may be recycled
back into the foam molding process, thereby reducing or eliminating waste from the cutting and
trimming process (NICNAS, 2012b; ECHA, 2008b). EPA does not know the extent that these practices
are used in the United States and the assessed EURAR data is expected to account for any releases from
this source (ECHA., 2008b).

Emission Factors

EPA estimated emission factors based on site-specific solid HBCD release data reported in the EURAR
(ECHA., 2008b). The EURAR 1identified 17 sites in the EU that produce XPS foam using XPS
masterbatch that is flame retarded with HBCD (ECHA, 2008b). Site-specific release quantities are
provided for four of these sites, which are summarized in Table 2-12. The EURAR indicates that these
sites did not provide air releases and that these air emissions were calculated using emission factors from
a study on emissions at three European XPS foam manufacturing plants (ECHA, 2008b). To maintain
confidentiality, the EURAR did not provide site-specific HBCD process volumes with which site-
specific emission factors could be calculated. However, the EURAR provided the total production
volume for the four sites for which release data are available. EPA calculated overall average emission
factors to air and water by dividing the total HBCD releases to air or water from all four sites by the
total HBCD processing volume for the four sites. From these calculations, EPA estimated average
emission factors of 1.07x10”° kg HBCD discharged/kg HBCD processed to water and 5.79 x10 kg
HBCD released/kg HBCD processed to air.

The EURAR also calculated estimates of releases to wastewater and air from 13 sites that did not
provide release data using the “worst-case” emission factors that the EURAR calculated from the
available site-specific HBCD release and processing volume data. However, the EURAR did not
provide the “worst-case” emission factors used to determine these estimates. EPA calculated “worst-
case” emission factors by using the total “worst-case” release estimates calculated by the EURAR for
the 13 sites and the HBCD processing volume identified in the EURAR for these 13 sites, as presented
in Table 2-12. EPA calculated “worst-case” emission factors to be 2.63x10” kg HBCD discharged/kg
HBCD processed to water and 5.80x10” kg HBCD released/kg HBCD processed to air. Note that the
“worst-case” air emission factor and average air emission factor are the same because the EURAR used
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the same emission factor from a study of three European XPS foam manufacturing plants, as described
above (ECHA., 2008b).

The EURAR indicates that wastewater discharges are to wastewater treatment. EPA did not find
information about the prevalence of wastewater treatment at processing sites in the United States and
hence assumed that wastewater discharges from this condition of use can be to surface water, POTW,
and/or onsite wastewater treatment. The EURAR does not specify if the reported air releases for these
three sites are to stack or fugitive air. Sites may implement dust capture technologies that affect if this
release is to stack or fugitive air. EPA did not find information about the prevalence of dust capture
technologies at processing sites in the United States and hence assumed this release may include stack
air and/or fugitive air.

Table 2-12. HBCD Release Data Reported in the EURAR for Manufacturing of XPS Foam from
XPS Masterbatch

Release to Water Release to Air ?
Site Process Volume
kg/yr kg/yr
Site 1 2.2 0.31 The EURAR identifies a
Site 2 0 18 total of 719 metric tons of
- HBCD is processed at the
Site 3 1.3 14 4 sites with site-specific
Site 4 49 93 release data.
« ’ The EURAR identifies a
Total “worst-case .
emissions calculated in total of l,Qll metric tons
the EURAR for 13 sites 26.67 58.617 of HBCD is p.rocessed at
. the 13 sites without release
without release data
data.
2 These air releases were not reported by the sites by were estimated in the EURAR using emission factors from a study on
emissions from three European XPS foam manufacturing sites (ECHA, 2008b).

Number of Release Days

The site-specific data in the EURAR indicates wastewater discharges occur over 1 to 15 days/year,
which are values reported by the sites. Only one site reported emission days for air releases, reporting 15
days/year. Based on these data, EPA estimated wastewater discharges over a range of 1 to 15 days/year.
The remaining three sites did not report emission days for air releases and the EURAR estimated 300 air
emission days for all the sites using defaults in the European Communities Technical Guidance
Document for industrial use in the polymers industry and processing volume at the individual sites
(ECB, 2003). Using this same European guidance and EPA’s HBCD processing volume of 100,000
pounds HBCD/year (45.4 metric tons), EPA estimated 16 days of emission per year. In lieu of using a
range of 15 to 16 days of air emission per year, EPA used 1 day/year as the lower bounding estimate,
using the same low-end of emission days as that reported by the EU sites for wastewater discharges, and
16 days/year based on the European Communities Technical Guidance Document.

The data sources used to estimate releases in this section are listed in Table 2-13 along with the data
quality score. See Appendix D for more details about data source evaluation.
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Table 2-13. XPS Foam Manufacturing Using XPS Masterbatch Release Data Source Evaluation

Source Reference Data Type Value Overall Confidence Rating
of Data
(ECHA, 2008b) Site-Specific Release Data See Table 2-12 High
“Worst-Case” Emissions for 2.63x107 to water and .
(ECHA, 2008b) Sites without Release Data 5.80x107 to air High
1 to 15 days/year for water
(ECHA, 2008b) Release Days releases; 15 days/year for air High
releases
(ECB, 2003) Release Days 16 days/year for all releases Medium

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-14.

Table 2-14. Input Variables to Equation 2-1 for XPS Foam Manufacturing Using XPS
Masterbatch

Input Variable
V (of HBCD) Ns f Na
(sites) (kg HBCD released/kg HBCD processed) (days/yr)
Average calculated from “Worst-Case” calculated
EURAR data from EURAR data

100,000 pounds/year 1 5.79E-05 to stack air and/or 5.80E-05 to stack air and/or 1-15 (wastewater
= 45,359 kg/year® fugitive air fugitive air discharge), 1-16 (air

1.08E-05 to surface water, onsite |2.63E-05 to surface water, release)

WWT, and/or POTW onsite WWT, and/or POTW
2 CDR reporting threshold for small manufacturers (U.S. EPA, 2016a)

The daily amount of solid HBCD released per site from XPS foam manufacturing from XPS
masterbatch was calculated with Equation 2-1. The results of these calculations are summarized in Table
2-15.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates and high confidence in
the assessed range of number of release days per year that are presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA is highly confident in this
assessment approach, which is a strength of the assessment. EPA implemented this approach using
release, processing volume and emission factor data and data on number of release days and assigned an
overall confidence rating of high to these data using systematic review as indicated above. The
limitations of the assessment are uncertainties about the extents to which the emission factor data,
including the emission factors calculated from release and processing volume data, and the data on
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number of days of release per year are applicable to the HBCD processing that would occur in the U.S.
Based on the strength and limitations of the assessment, EPA has medium to high confidence in the
assessment results.
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Table 2-15. Summary of HBCD Releases from XPS Foam Manufacturing Using XPS Masterbatch

Releases calculated from average emission factor | Releases calculated from “worst case” emission
Method of based on EURAR release data ” factor based on EURAR release data®
Release, A’l;l(;lta:l | Annual ];allbeele;lse (;g/snbe-da? A];::lta:ﬂ Annual ];allbeele:se (;g/sn;-da? Number Hours of
Release Source Discharge, v Release umber o umber o " Release umber o umber o £Si Release per
Treatment, or Release Per Site release days: | release days: | Release Per Site release days: | release days: | of Sites Day (hr/day)
Disposal ® for All (kg/site- 1 day/year | 15 day/year | for All (kg/site- 1 day/year | 15 day/year
Sites yr) (water and |(water) and 16| Sites vr) (water and |(water) and 16
(kg/yr) air) day/year (air) | (kg/yr) air) day/year (air)

Unknown — these
data were reported
by EU sites in the May go to one or

y more: Stack air 2.63 2.63 2.63 0.164 2.63 2.63 2.63 0.164 1 8 hours/day

EURAR as total - .

or fugitive air
annual release per
site

Unknown — these
data were reported|May go to one or
by EU sites in the | more: Surface

EURAR as total | Water, Onsite 0.486 0.486 0.486 3.24E-02 1.19 1.19 1.19 0.080 1 8 hours/day
annual release per WWT, or POTW

site

2 The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,

size of the site, and waste handling practices, including any pollution controls used.
b Release estimates are quantities of HBCD. The physical form of these releases is solid HBCD or solid mixtures containing polystyrene and HBCD.
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2.2.5 Processing: Manufacturing of XPS Foam using HBCD Powder

XPS foam can be produced from either XPS masterbatch, as described in Section 2.2.4, or from HBCD
powder or granules. The process for producing XPS foam from HBCD powder is similar to that for
production of HBCD foam from XPS masterbatch. Polystyrene, HBCD powder, and other additives are
fed into an extruder, where the contents are melted to produce a plastic gel. Blowing agent is added to
the gel, which is then sent through a die where the blowing agent volatilizes, producing the extruded
plastic foam. The foam may be cut into shapes, packaged, and shipped to customers. HBCD content in
XPS foam ranges from 0.5 to 3 weight percent (U.S. EPA, 2015; Takigami et al., 2014; EC/HC, 2011;
ECHA, 2008b).

Environmental Release Assessment Methodology

Facility Estimates
As discussed in Section 2.2.1, EPA estimates environmental releases based on a processing volume of
100,000 pounds per site per year and estimates a single unidentified site for this condition of use.

Release Sources

Based on the process description, EPA infers that releases may occur from: dust generation during
unloading the HBCD powder from the bags in which they were received; disposal of the bags in which
the HBCD powder is received; and periodic cleaning of process equipment.

Foam manufacturing sites may also generate dust and scraps from cutting or trimming of XPS foam into
panels or other shapes for shipment to end users. However, both the EU and Australian risk assessments
specify that industry provided information indicating that generated dust and trimmings may be captured
and recycled back into the foam molding process, thereby reducing or eliminating waste from the cutting
and trimming process (NICNAS, 2012b; ECHA, 2008b). EPA does not know the extent that these
practices are used in the United States and the assessed TRI and EURAR data is expected to account for
any releases from this source (ECHA, 2008b).

EPA estimated releases from this condition of use using 2017 TRI data and emission factors calculated
from release data from the EURAR. EPA assessed both approaches because the company that reported
to 2017 TRI indicated that they no longer conduct operations with HBCD, as discussed below.

TRI Data

The Dow Chemical Company reported releases for two sites that manufacture XPS foam with HBCD.
The company has since indicated that operations with HBCD have ceased. The Dow Chemical
Company communicated with EPA that they imported roughly 48 metric tons in 2017 as discussed
earlier in Section 1.2, which is similar to the importation and processing volume of HBCD that EPA
uses to estimate releases for this condition of use (approximately 45.4 metric tons) with the EURAR
data. EPA assessed the 2017 TRI releases as they were reported by Dow. These releases are deemed to
be representative of the potential releases that may occur from sites in the United States that would
manufacture XPS foam with HBCD and have a similar processing volume of HBCD as Dow
(approximately 48 metric tons), should additional sites commence such operations. The reported releases
are summarized in the next section with the releases EPA calculated from the EURAR data. As
discussed, the HBCD processing volume associated with the releases reported in the 2017 TRI (48
metric tons HBCD, provided through communication with Dow and discussed in Section 1.2) is slightly
different than that EPA used to estimate releases from the EURAR data (45.4 metric tons).
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Emission Factors

Although TRI data are available for this condition of use, EPA also estimated emission factors based on
site-specific release data reported in the EURAR (ECHA. 2008b). The EURAR identified 18 sites in the
EU that produce XPS foam using HBCD powder (ECHA., 2008b). Site-specific solid HBCD release
quantities are provided for 17 of these sites and a calculated release estimate was provided for the
remaining site. To maintain confidentiality, the EURAR did not provide site-specific HBCD processing
volumes with which site-specific emission factors could be calculated. The EURAR only provided the
total HBCD processing volume for all 18 sites (ECHA, 2008b).

EPA calculated overall average emission factors to water and air with this data by dividing the total
HBCD releases for water or air for all sites by the total HBCD processing volume for all sites. The
average emission factors are presented in Table 2-16.

The EURAR indicates that the HBCD release estimates to water presented in Table 2-16 may be
estimated quantities either directly from process operations or from onsite wastewater treatment at these
sites. The EURAR does not specify this detail for the individual sites, thus EPA is uncertain of the
prevalence of onsite wastewater treatment at these European sites. For this risk evaluation, EPA assessed
that wastewater discharges estimated using the emission factor determined from the EURAR data may
be entirely to on or offsite wastewater treatment or to surface water. Depending on site-specific pollution
controls, wastewater discharges from this condition of use can be to surface water, POTW, and/or onsite
wastewater treatment and air releases may include stack air and/or fugitive air.

Table 2-16. HBCD Release Data Reported in the EURAR for Manufacturing of XPS Foam using
HBCD Powder

Site-Specific Release to Water | Release to Air Process Volume
Release Data kg/yr kg/yr

Site 1 4.4 1.5

Site 2 1.2 1.4

Site 3 0.055 3.7

Site 4 3.7 1.5

Site 5 0.0024 1.1

Site 6 0 0.73

Site 7 6 0.54

Site 8 0.0029 0.7 The EURAR identifies a total of 3,232 metric tons of HBCD are

Site 9 0.0019 0.15 processed into XPS masterbatch by 18 sites.

Site 10 0 0.4

Site 11 0 1.8

Site 12 0 1.8

Site 13 0.11 1.2

Site 14 15 1.5

Site 15 0.00004 0.59

Site 16 0.0004 0.91
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Site-Specific Release to Water | Release to Air
Process Volume
Release Data Kkg/yr Kkg/yr
Site 17 0.021 3.8
Site 18 2.5 0.23
Number of Release Days

The site-specific data in the EURAR indicates wastewater discharges occur over 1 to 12 days/year,
which are values reported by the sites. Based on these data, EPA estimated wastewater discharges over a
range of 1 to 12 days/year. None of these sites reported emission days for air releases. For these sites,
the EURAR estimated 42 to 300 air emission days using defaults in the European Communities
Technical Guidance Document for industrial use in the polymers industry and processing volume at the
individual sites (ECB, 2003). Using this same European guidance and a processing volume of 100,000
pounds HBCD/year (45.4 metric tons), EPA estimated 16 days of emission per year. EPA used 1
day/year for air emissions as the lower bounding estimate, using the same low-end of emission days as
that reported by the EU sites for wastewater discharges, and 16 days/year based on the European
Communities Technical Guidance Document.

The data sources used to estimate releases in this section are listed in Table 2-17 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-17. Manufacturing of XPS Foam Using HBCD Powder Release Data Source Evaluation

Source Reference Data Type Value Overall Cz?g:::ce Rating
(ECHA, 2008b) Site-Specific Release Data See Table 2-16 High
(U.S. EPA, 2017h) Site-Specific Release Data See Table 2-20 Medium
(ECHA. 2008b) Relcase Days V:atsct’elwza?;yfg(fﬁ;f;’; High
(ECB, 2003) Release Days 16 days/year for all releases Medium

Environmental Release Assessment Results

The releases reported by the Dow Chemical Company in the 2017 TRI for sites that manufacture XPS
articles with HBCD are presented in Table 2-20. The data in 2017 TRI is reported on an annual basis.
EPA calculated daily releases with the TRI data using the same estimates for days per year that is
discussed above. EPA also calculated releases using Equation 2-1 and the EURAR data discussed above,

and the input variables for this calculation are given in Table 2-18. The results of these calculations are
summarized in Table 2-19.
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Table 2-18. Input Variables to Equation 2-1 for XPS Foam Manufacturing Using HBCD Powder

Input Variable
f
Volume (of Ns (kg HBCD released/kg HBCD processed) Na
HBCD) (sites) (days/yr)
Average calculated from EURAR data

100,000 7.29E-06 to stack air and/or fugitive air 1-12 (water),
pounds/year = 1 1-16 (air)
45,359 kg/year 1.02E-05 to surface water, onsite WWT, and/or POTW

2 CDR reporting threshold for small manufacturers (U.S. EPA, 2016a)

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates, high confidence in the
assessed range of number of release days per year associated with releases to water, and medium
confidence in the assessed range of number of release days per year associated with releases to air that
are presented above. EPA considered the assessment approach, the quality of the data, and uncertainties
in assessment results to determine the level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA is highly confident in this
assessment approach, which is a strength of the assessment. EPA implemented this approach using two
groups of data:
a) release and processing volume data which EPA assigned an overall confidence rating of high
using systematic review
b) data on number of release days which EPA assigned an overall confidence rating of high in
the case of data associated with releases to water and an overall confidence rating of medium
in the case of data associated with releases to air using systematic review.

EPA also assessed releases using TRI data which EPA assigned an overall confidence rating of medium
using systematic review.

The limitations of the assessment are uncertainties about the extents to which the emission factor data,
including the emission factors calculated from release and processing volume data, and the data on
number of days of release per year are applicable to the HBCD processing that would occur in the U.S.
Based on the strength and limitations of the assessment, EPA has medium to high confidence in the
assessment results.
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Table 2-19. Summary of HBCD Releases from XPS Foam Manufacturing Using HBCD

Releases calculated from average emission factor based
b
Method of on EURAR release data
Release, Total Daily Release (kg/site-day) Hours of
. Annual
Release Disposal, Annual Release Number of | Number of release Number Release
Source Treatment, Release Per Sit . . 12 of Sites per Day
or Discharge | for All | , ¢ Site | releasedays: |  days: Over (hr/day)
a Sites (kg/site- 1 day/year day/year (water)
yr) (water and and 16 day/year
(kg/yr) X .
air) (air)
Unknown —
these data
were reported | May go to one
by EU sites in | or more: Stack
the EURAR | air or fugitive 0.331 0.331 0.331 2.07E-02 1 8 hours/day
as total annual air
release per
site
Unknown —
these data May go to one
were reported or more:
by EU sites in Surface
t}llle EURAR | Water, Onsite 0.463 0.463 0.463 0.039 1 8 hours/day
as total annual WWT, or
release per POTW
site

controls used.

* The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-
specific conditions, including type of equipment use, size of the site, and waste handling practices, including any pollution

b Release estimates are quantities of HBCD. The physical form of these releases is solid HBCD or solid mixtures
containing polystyrene and HBCD.

Table 2-20. Summary of HBCD Releases from XPS Foam Manufacturing Using HBCD from 2017

TRI Data
2017 TRI
Hours of
Site » ) Daily Release (kg/site-day) Release
identity Amnual Q(ll:a/n t;::)s per Site Assuming low-end of 1 Assuming high-end of 16 per Day
&y day/year days/year (hr/day)
Stack air *: 1.81 Stack air %: 1.81 Stack air *: 0.113
Dow Off-site transfer for Off-site transfer for Off-site transfer for g
Chemical Incineration °: 30.8 Incineration °: 30.8 incineration °: 1.93 hours/day
Company, Off-site transfer for Off-site transfer for Off-site transfer for
Pevely MO | disposal to landfill ¢: 123 disposal to landfill ¢: 123 | disposal to landfill ©: 7.68
Stack air *: 21.3 Stack air *: 21.3 Stack air *: 1.33
Dow Off-site transfer for Off-site transfer for Off-site transfer for g
Chemical disposal to landfill ©: 109 disposal to landfill ©: 109 | disposal to landfill ¢: 6.80 hours/day
Company, Off-site transfer for Off-site transfer for Off-site transfer for
Dalton GA | incineration ¢ 23.1 incineration % 23.1 incineration % 1.45
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2017 TRI
. . Hours of
Site R | Quantit i Daily Release (kg/site-day) Release
aa nnual Quantities per Site
identity Ko/ P Assuming low-end of 1 Assuming high-end of 16 per Day
(kg/year) (hr/day)
day/year days/year

2 These stack air releases were reported under Section 5.2 of the TRI Form R, which correspond to on-site stack or point
air emissions.

b This incineration quantity was reported under Section 6.2 of the TRI Form R, which corresponds to code M50, which is
off-site transfer for incineration/thermal treatment.

¢ This landfill quantity was reported under Section 6.2 of the TRI Form R, which corresponds to code M64, which is off-
site transfer for disposal to other landfills.

4 This incineration quantity was reported under Section 6.2 of the TRI Form R, which corresponds to code M56, which is
off-site transfer for energy recovery. EPA assumes this is to incineration.

2.2.6 Processing: Manufacturing of EPS Foam from Imported EPS Resin Beads
To manufacture EPS, EPS beads are first pre-expanded by heating with steam, which causes the beads to
soften and expand to the desired density, as the temperature of the steam exceeds that of the blowing
agent (such as pentane) incorporated in the beads (NICNAS, 2012b; ECHA, 2008b). Once pre-
expansion is completed, the beads are dried, then placed in shape or block molds. In the molds, the
pressure is dropped with a vacuum pump, eliminating air and water and causing the expanded beads to
fuse and take the shape of the mold (NICNAS, 2012b). The EPS foam is then removed from the molds
and cooled.

Excess foam may be trimmed off, or the shapes or blocks may be cut into smaller sizes (i.e., secondary
processing). Any trimmings may be recycled back into the foam production process (i.e., reclamation)
(ECHA., 2008b). The EPS foam is then wrapped for transport and shipped either to customers who may
further process the foam into SIPs or automobile replacement parts or directly to end users for
installation in structures such as buildings and cars. HBCD content in the EPS foam is typically from 0.5
to 0.7 weight percent, with the usual content being 0.7 weight percent (ECHA, 2017¢; NICNAS, 2012b;
ECHA, 2009b; Thomsen et al., 2007).

Environmental Release Assessment Methodology

Facility Estimates
As discussed in Section 2.2.1, EPA estimates environmental releases based on a processing volume of
100,000 pounds per site per year and estimates a single unidentified site for this condition of use.

Release Sources

Based on the process description, EPA infers that releases may occur from: dust generation during
unloading the EPS resin beads from the bags in which they were received; disposal of the bags in which
the EPS resin beads are received; and periodic cleaning of process equipment.

Foam manufacturing sites may also generate dust and scraps from cutting or trimming of EPS foam into
panels or other shapes for shipment to end users. However, both the EU and Australian risk assessments
specify that industry provided information indicating that generated dust and trimmings may be captured
and recycled back into the foam molding process, thereby reducing or eliminating waste from the cutting
and trimming process (NICNAS, 2012b; ECHA, 2008b). EPA does not know the extent that these
practices are used in the United States and assessed these release sources as described below.
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Emission Factors
EPA used emission factors given in the 2009 OECD ESD on Plastics Additives, as summarized in Table
2-21.

Per the OECD ESD, unloading of EPS resin beads is not expected to generate dust. However, there may
be residual resin in the transport containers. The OECD ESD estimates an emission factor of 1% from
the disposal of transport containers, which the OECD ESD indicates are disposed of as solid waste to
landfills. Although there is no statistical characterization of this emission factor, EPA believes the 1%
emission factor is in the upper end of the distribution based on EPA’s experience. The OECD ESD
indicates that the converting process may result in dust generation at a loss rate of 0.1 to 0.5%, which is
initially released to air, with particles eventually settling and being disposed of as solid waste or
discharged as wastewater (OECD, 2009). Per the EPA/OPPT Solids Transfer Dust Loss Model, dust
releases are similarly estimated with a 0.5% emission factor and initial release to air with subsequent
treatment via incineration, disposal to landfill, or discharge as wastewater from wiping and cleaning of
surfaces onto which particles have settled (U.S. EPA, 2013a). The method of release, disposal,
treatment, or discharge is dependent on any pollution controls that are implemented at that site, as well
as other factors such as the equipment used and size of the site. EPA did not find information about the
prevalence of dust capture and control technologies at importation sites in the United States. EPA
estimated dust releases with a range of release from 0.1 to 0.5%. The method of release, disposal,
treatment, or discharge may be some or all of the following: stack air, fugitive air, onsite wastewater,
POTW, landfill, or incineration, per the OECD ESD and EPA/OPPT model.

The OECD ESD identifies trimming of produced foam as a release source, estimating a release of 2.5%
to solid waste or water from grinding or machining of the foam. EPA also identified foam trimming
release of 1% to solid waste for closed-cell spray polyurethane foam (SPF). These data were reported by
industry for the development of the draft generic scenario on SPF application (U.S. EPA, 2018c). While
this foam is different than that in this condition of use, EPA uses this emission factor of 1% to present a
range of potential releases from the trimming of foam. EPA assessed this release via disposal to landfill
or treatment via incineration, as the foam scraps are likely disposed of as solid waste (U.S. EPA, 2018c;
OECD. 2009). The method of release, disposal, treatment, or discharge is dependent on any pollution
controls that are implemented at that site, as well as other factors such as the equipment used and size of
the site. EPA did not find information on waste handling procedures at these sites. HBCD may be
disposed of to landfill and/or treated via incineration.

Based on the process description for this condition of use, EPA expects that equipment cleaning may be
another source of release. EPA estimated this release using the OECD ESD, which estimates an
emission factor of 1% for all other operations than previously discussed, which EPA assumes includes
equipment cleaning (OECD, 2009). In addition, the EPA/OPPT Solid Residuals in Transport Containers
Model also estimates a loss of 1% of processed material . Although there is no statistical characterization
of this emission factor, EPA believes the 1% emission factor is in the upper end of the distribution based
on EPA’s experience. The method of release, disposal, treatment, or discharge is dependent on any
pollution controls that are implemented at that site, as well as other factors such as the equipment used
and size of the site. EPA did not identify information on waste handling procedures at these sites. The
method of release, disposal, treatment, or discharge may include some or all of the following depending
on site-specific conditions: surface water, POTW, onsite WWT, POTW, landfill, or incineration.
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Table 2-21. Summary of HBCD Releases During Manufacturing of EPS Foam from the 2009
OECD ESD on Plastics Additives and Standard EPA/OPPT Models

Method of Release, Disposal,

entrained within the polymer matrix.

Release Source Emission factor used in this Risk Treatment, or Discharge Basis or
Evaluation Assessed in this Risk Source
Evaluation *
Dust generation from N/A — HBCD dust generation from (NICNAS
unloading EPS resin beads |unloading EPS resin beads is expected to 2012b; ECHA
from transport containers be minimal. Additionally, HBCD is 2008b)

Disposal of transport
containers (bags) containing
solid HBCD residual

0.01 kg HBCD released/kg HBCD in
containers

Landfill

(OECD. 2009)

Dust / volatilization releases
at elevated temperatures
during converting process

0.001-0.005 kg HBCD released/’kg HBCD
processed

Uncertain: Stack air, Fugitive
Air, surface water, onsite
WWT, POTW, Landfill,
Incineration

(OECD. 2009)

Equipment cleaning losses
of residual HBCD solids
from compounding
equipment

0.01 kg HBCD released’kg HBCD
processed

Uncertain —
Surface water, onsite WWT,
POTW, Landfill, Incineration

(OECD. 2009)

Trimming of foam *

0.01 to 0.025 kg HBCD released/kg HBCD
processed

Uncertain Incineration,
Landfill

(U.S. EPA
2018c; OECD
2009)

N/A = Not applicable

estimates.

2 Trimmed foam may be reintroduced into the process and not disposed of based on the information in the EURAR and
Australian risk assessment (NICNAS, 2012b; ECHA, 2008b). EPA includes this release to present a range if release

EPA’s method of assessing emission factors and the methods of assessing the emission factors
pertaining to releases from the manufacture of EPS foam from EPS resin beads as reported in EURAR
and NICNAS (NICNAS, 2012b; ECHA, 2008b) are similar because in all cases emission factors were

obtained from an OECD ESD or other similar method. The EURAR and NICNAS only assessed dust

releases during the converting process, and did not assess releases from unloading, disposal of transport
containers and equipment cleaning. Accordingly, EPA’s overall emission factor is considerably greater
than the emission factors used in these assessments, and EPA’s assessment may be conservative.

Number of Release Days

EPA estimated the number of release days based on information given in the European Communities
Technical Guidance Document (ECB, 2003) and in the Australian risk assessment. EPA estimated 16
release days per year using the European Communities Technical Guidance Document for industrial use
in the polymers industry and a processing volume of 100,000 pounds HBCD/year (45.4 metric tons),
The Australian risk assessment includes one estimate of the number of operational days per year at an
EPS foam production plant. This plant reports producing EPS products containing HBCD 8 to 10 times
per year, with each production lasting up to 14 days. This results in production for 112 to 140 days per
year. In conclusion, EPA estimated a range of 16 to 140 days/year.
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The data sources used to estimate releases in this section are listed in Table 2-22 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-22. Manufacturing of EPS Foam from Imported EPS Resin Beads Release Data Source
Evaluation

Source Reference Data Type Value Overall Confidence Rating
of Data
(NICNAS, 2012b) Release Days 112 to 140 days/year for all High
releases
(ECB, 2003) Release Days 16 days/year for all releases Medium

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-23.

Table 2-23. Input Variables to Equation 2-1 for EPS Foam Manufacturing from EPS Resin Beads

Input Variable
f
\4 Ns (kg HBCD released/kg HBCD processed) Na
(of HBCD) (sites) (days/yr)
Lower value of emission factors Upper value of emission factors
0.01 to landfill 0.01 to landfill
0.001 to stack air, fugitive air, surface | 0.005 to stack air, fugitive air, surface
100,000 water, onsite WWT, POTW, landfill, |water, onsite WWT, POTW, landfill,
pounds/year = 1 and/or incineration and/or incineration 16-140
45,359 kg/year 0.01 to surface water, onsite WWT, 0.01 to surface water, onsite WWT,
POTW, landfill, and/or incineration | POTW, landfill, and/or incineration
0.001 to incineration and/or landfill 0.025 to incineration and/or landfill
2 CDR reporting threshold for small manufacturers (U.S. EPA, 2016a)

The daily amount of HBCD released per site from EPS foam manufacturing from EPS resin beads was
calculated with Equation 2-1. The results of these calculations are summarized in Table 2-24.

Strengths, Limitations, and Confidence in Assessment Results

EPA did not find release data in 2017 TRI or the EURAR that are applicable to this condition of use.
EPA estimated releases at EPS foam production sites using emission factors from the 2009 OECD ESD
on Plastic Additives (OECD, 2009), the draft generic scenario on SPF application (U.S. EPA, 2018c),
and an EPA/OPPT model available in ChemSTEER (U.S. EPA. 2013a). As noted previously, the higher
emission factor in the ESD for dust releases corresponds to the same factor used in the EPA/OPPT
Solids Transfer Dust Loss Model, which is based on U.S. release data (U.S. EPA, 2013a). Additionally,
the emission factor from the draft generic scenario on SPF application (U.S. EPA, 2018c) is based on
industry input. The representativeness of these data toward the true distribution of environmental
releases for this use is uncertain. However, EPA has a medium to high confidence that these emission
factors are representative, but notes that those from the ESD and EPA/OPPT model are likely on the
higher end of the distribution of real-world values.
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EPA estimated a range of release days using the European Communities Technical Guidance Document
(ECB, 2003), which has an overall confidence rating of medium from EPA’s systematic review process,
and industry data include in the Australian risk assessment (NICNAS, 2012b). EPA estimated release
days with the Technical Guidance Document using the polymer industry category, which includes
molding operations. The data from the Australian risk assessment is not correlated to an HBCD
throughput, so EPA could not adjust the number of days by the assessed production volume (i.e.,
100,000 pounds HBCD/year). However, EPA estimated a range of release days in order to capture
variability and address uncertainty. EPA has a medium to high confidence that the estimated range of
release days encompasses the actual range of release days at these sites.

Considering the overall strengths and limitations of the data, EPA has an overall medium to high
confidence that the range of estimated daily releases encompasses the actual range of the daily releases.
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Table 2-24. Summary of HBCD Releases from EPS Foam Manufacturing from EPS Resin Beads

Releases calculated from lower value of range of
emission factors "

Releases calculated from upper value of
range of emission factors "

Method of Total q q Total q q
Release  |Release, Disposal,| Annual| Annual Daily Release (kg/site-day) Annual Annual [Daily Release (kg/site-day) Number of Hours of
Release . Release per
Source Treatment, or | Release | Release Per Release Per Site Sites Day (hr/day)
Disposal for All Site Number of | Number of | for All |, .| Number of Number of
Sit (k /site- I') Sit ( g/site- release days:
(kl/es) g/s1te-yr) | release days: | release days: (kl/es) yr) |release days: 140
g/yr g/yr
16 days/year |140 days/year 16 days/year days/year
May go to one or
more: Stack air,
Dust release " .
during Fugitive Air,
- surface water, 45.4 45.4 2.83 0.324 227 227 14.17 1.62 1 8 hours/day
converting .
rocess onsite WWT,
P POTW, Landfill,
or Incineration
May go to one or
more: surface
Equipment water, onsite
cleaning WWT, POTW, 454 454 28.3 3.24 454 454 28.3 3.24 1 8 hours/day
landfill, or
Incineration
Disposal of
transport Landfill 454 454 28.3 3.24 454 454 28.3 3.24 1 8 hours/day
containers
Trimmin May go to one or
& |more: Incineration| 454 454 28.35 3.24 1134 1134 70.87 8.10 1 8 hours/day
foam scrap
or landfill

* The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,
size of the site, and waste handling practices, including any pollution controls used.
> Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and HBCD.
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2.2.7 Processing: Manufacturing of SIPs and Automobile Replacement Parts from
XPS/EPS Foam

After XPS and EPS foam is produced, the foam may be subsequently sent to specialty fabricators to
produce structural insulated panels (SIPs) or automobile replacement parts.

To manufacture SIPs, the XPS and EPS foam is cut into the desired size panel, either with saws or
thermal wires (NICNAS, 2012b). The panels are then adhered to steel, plastic, concrete, plasterboard, or
other sheathing material on either side, forming a sandwich, which is why these panels are also referred
to as sandwich panels (NICNAS, 2012b). Once the SIPs are produced, they are shipped to construction
sites for installation.

Major automobile manufacturers have phased out use of HBCD in U.S. production but continue to use it
in replacement parts, according to information provided by the Alliance of Automotive Manufacturers
(Alliance of Automobile Manufacturers, 2018b; Rege, 2017; Tatman, 2017). Manufacturers identified
155 replacement parts containing HBCD: these include absorbers (front roof rail energy) and two types
of insulator panels (Tatman, 2017). For the purpose of this risk evaluation, EPA assumes that EPS and
XPS foam containing HBCD is used in these replacement parts (U.S. EPA, 2018e, ).

EPA did not identify specific information regarding the process for manufacturing of automobile parts
containing XPS or EPS foam. EPA believes this process likely involves the molding and cutting of parts,
similar to the manufacturing of panels and boards for construction purposes. Additionally, this process
may include the bonding of the insulation with metal or plastic surfaces. After fabrication, the
automotive replacement parts containing foam are likely shipped to automobile assemblers who install
the parts without further cutting, shaping, or other handling of the parts.

Environmental Release Assessment Methodology

Facility Estimates

As discussed in Section 2.2.1, EPA estimates environmental releases based on a processing volume of
100,000 pounds per site per year. This processing volume is for any one site, and this section covers two
conditions of use, Manufacturing of SIPs and Automotive Replacement Parts, so EPA developed
estimates for two modeled sites, one that processes EPS and XPS foam to produce SIPs and one that
processes XPS and EPS foam to produce automotive replacement parts, with 100,000 pounds
HBCD/year at each site.

Release Sources

Based on the process description, EPA infers that releases likely occur at SIPs and automotive
replacement part manufacturing shops from the cutting of EPS and XPS foam to produce parts of
specific dimensions. Specifically, release would occur during the formation of dust during the
fabrication process and from the disposal of foam scraps. Once the parts are fabricated and shipped to
end-users, they are not likely to be further processed or handled in such a way that subsequent release
would occur. EPA estimated releases during this condition of use from the cutting or sawing of foam
and the subsequent disposal of foam scraps.

Emission Factors

The EURAR includes information from a study on the cutting of XPS and EPS foam containing HBCD

in the construction industry, including both thermal cutting with hot wires and cutting with mechanical

saws (ECHA., 2008b). This study provides emission factors for the quantity of particles generated per
Page 101 of 570



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3978355
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3978355
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5097759
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986785
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986667
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3986667
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=4774789
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5085560
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970747

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

quantity of foam cut (Klatt, 2003). A summary is presented in Table 2-25 below. Note that no emission
factor was available for the thermal cutting of XPS boards. EPA calculated an emission factor assuming
the same ratio between hot wire cutting and sawing as that for EPS foam.

Table 2-25. Particle Generation Factors Reported in the EURAR for Cutting of EPS/XPS Foam

Foam Type Activities Particle Generation Factor
XPS boards Sawing 5.0 g XPS particles/metric ton XPS sawed
XPS boards Hot wire cutting 1.12 g XPS particles/metric ton XPS cut *
EPS boards Sawing 445 g EPS particles/metric ton EPS sawed
EPS boards Hot wire cutting 100 g EPS particles/metric ton EPS cut

2 Calculated by EPA using the same ratio as that for EPS foam. Particle generation factor for cutting = 5.0 g XPS
particles/metric ton XPS sawed x (100 g EPS particles/metric ton EPS cut + 445 g EPS particles/metric ton EPS sawed) =
1.12 g XPS particles/metric ton XPS cut.

A supporting document for the EURAR indicates that the proportions of HBCD used for XPS and EPS
are similar (ECHA, 2009b). EPA estimates 50 percent of the HBCD processing volume is used for XPS
applications and 50 percent for EPS applications and, using this split with the emission factors for XPS
and EPS foams in Table 2-25, EPA calculated weighted emission factors for the thermal cutting and
sawing of foam containing HBCD and used these to estimate a range of releases from this condition of
use. The calculated emission factors are listed in Table 2-26. Note that these emission factors assume
that the composition of the generated particulates is equal to that of the foam being cut.

The method of release, disposal, treatment, or discharge for generated particles containing HBCD during
sawing and cutting is dependent on any pollution controls that are implemented at that site, as well as
other factors such as the equipment used and size of the site. EPA did not identify information on waste
handling procedures at these sites. The method of release, disposal, treatment, or discharge may include
some or all of the following depending on site-specific conditions: stack air, fugitive air, surface water,
POTW, onsite WWT, landfill, and/or incineration.

EPA used the same emission factors for the trimming of XPS and EPS foam that were used in Section
2.2.6 for the manufacturing of EPS foam from EPS resin beads. Specifically, EPA uses a range of loss
fractions of 1 to 2.5% of foam containing HBCD to estimate disposal of foam scrap to landfill or
treatment via incineration, depending on the site’s disposal practices. EPA did not identify information
on waste handling procedures at these sites. Part or all of this release could be disposed of to landfill or
treated via incineration. Refer to Section 2.2.6 for additional information on this release.
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Table 2-26. Summary of HBCD Release Sources During the Manufacturing of SIPs and
Automotive Replacement Parts from XPS/EPS Foam

Emission factor used in this Risk

Evaluation (kg HBCD released/kg HBCD

Method of Release,
Disposal,

processed) Treatment, or
Discharge Assessed
Lower value of Upper value of in this Risk
Release Source emission factors emission factors Evaluation Basis or Source
Dust generation from 5.06E-05 2.25E-04 Uncertain: Stack air, |(ECHA, 2008b)
thermal cutting of Fugitive Air, surface
XPS (50%) and EPS water, onsite WWT,
(50%) POTW, Landfill,
and/or Incineration
Trimming disposal 0.01 0.025 Uncertain: (OECD, 2009)
Incineration and/or | (lower fraction);
landfill ® (U.S. EPA, 2018¢)
(upper fraction)

2EPA assumed solid trimming waste disposal is to incineration and/or landfill.

Number of Release Days

EPA estimated range of emission days per year based on the European Communities Technical
Guidance Document for industrial use in the polymer industry (ECB, 2003). Specifically, EPA
determined a range of potential emission days by calculating the lowest and highest possible emission
days from the applicable defaults for industrial use in the polymer industry. With this method and the
HBCD processing volume for each condition of use (100,000 pounds [45.4 metric tons]/site), EPA
estimated 16 days/year. The highest number of emission days for industrial use in the polymer industry
is 300 days/year. Based on these values, EPA estimated a range of 16 to 300 emission days/year.

The data sources used to estimate releases in this section are listed in Table 2-27 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-27. Manufacturing of SIPs and Automobile Replacement Parts from XPS/EPS Foam
Release Data Source Evaluation

Overall Confidence
Source Reference Data Type Value Rating of Data
(ECHA., 2008b) Particle Generation See Table 2-25 High
Factor
(ECB, 2003) Release Days 16 to 300 days/year for Medium
all releases

Page 103 of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970747
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079084
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=5079085
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970747
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-28.

Table 2-28. Input Variables to Equation 2-1 for the Manufacturing of SIPs and Automotive
Replacement Parts from XPS/EPS Foam

Input Variable
F
g released/kg processe
v Ns kg HBCD released/kg HBCD d Na
(of HBCD) (sites) Lower value of emission Upper value of emission (days/yr)
factors factors

5.06E-05 to Stack air, Fugitive 2.25E-04 to Stack air, Fugitive

2 Air, surface water, onsite WWT, | Air, surface water, onsite
200,000 pounds/year = | (1 for SIPs POTW, l'andﬁll, and/or WWT, PQTW, landfill, and/or
90,718 kg/year' and 1 for | incineration incineration 16-300
auto parts) |0.01 to landfill and/or 0.025 to landfill and/or
incineration incineration

2 CDR reporting threshold volume for small manufacturers were used for each condition of use.

The daily amount of solid HBCD released per site from cutting of XPS and EPS foam to manufacture
SIPs and automobile replacement parts was calculated with Equation 2-1. The results of these
calculations are summarized in Table 2-29.

Strengths, Limitations, and Confidence in Assessment Results

EPA has an overall medium to high confidence in the assessed range of daily release rates. EPA
considered the assessment approach, the quality of the data, and uncertainties in assessment results to
determine the level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA has high confidence in this
assessment approach, which is a strength of the assessment. EPA used emission factor data from the
EURAR and the draft GS on SPF application. The data from the EURAR has an overall confidence
rating of high and the data from the technical guidance document has an overall confidence rating of
medium; these ratings were assigned using EPA’s systematic review process, as discussed in Section
1.5. EPA determined a range of release days per year using the European Communities Technical
Guidance Document (ECB, 2003), which has an overall confidence rating of medium. However, EPA
estimated a range of release days to capture variability and has a high confidence that the estimated
range encompasses the actual range of release days, which is another strength of the assessment. The
limitations of the assessment are uncertainties regarding the extent to which the emission factor data and
the data on number of release days are applicable to the HBCD use activities that would occur in the
U.S. Based on the strengths and limitations of the assessment, EPA has an overall medium to high
confidence in the assessment results.
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Table 2-29. Summary of HBCD Releases from the Manufacturing of SIPs and Automotive Replacement Parts from XPS/EPS Foam

Releases calculated from lower value of range of | Releases calculated from upper value of
emission factors " range of emission factors "
Method of Release, Total Annual Daily Release (kg/site- Total Annual Dally.Release Hours of
. day) Annual (kg/site-day) Number |Release per
Release Source | Disposal, Treatment, or | Annual Release Release .
. a . Number of | Release .. | Number of | Number of | of Sites Day
Discharge Release for| Per Site | Number of Per Site
q 5 release days:| for All . release release (hr/day)
All Sites | (kg/site- |release days: . (kg/site- . ]
(kg/yr) ) 16 days/year 300 Sites o) days: 16 | days: 300
days/year | (kg/yr) days/year | days/year
May go to one or more:
Dust release Stack air, Fugitive Air,
during sawing / | surface water, onsite 4.59 2.29 0.143 7.64E-03 20.4 10.21 0.638 3.40E-02 2 8 hours/day
cutting of foam | WWT, POTW, Landfill,
or Incineration
Trimming foam | May go to one or more: | 454 28.3 1512 2268 | 1134 70.9 3.78 2 |8 hours/day
scrap Incineration or landfill

" The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,
size of the site, and waste handling practices, including any pollution controls used.

P Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and HBCD.
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2.2.8 Use: Installation of Automotive Replacement Parts
EPA did not identify specific process information regarding the installation of automotive replacement
parts containing HBCD. Manufacturers identified 155 replacement parts containing HBCD, these
include absorbers (front roof rail energy) and insulator panels (Alliance of Automobile Manufacturers,
2018b). For the purpose of this risk evaluation, based on CDR reporting that showed the vast majority of
use of HBCD was for XPS and EPS, EPA assumes that HBCD in these replacement parts is
incorporated into XPS and EPS foam and that the XPS and EPS foam containing HBCD is used to make
the replacement parts.

EPA estimated releases and exposures for the manufacturing of automotive replacement parts from XPS
and EPS foam in Section 2.2.7. Once manufactured, the foam automotive replacement parts are shipped
to automobile assemblers who likely install the parts without further cutting, shaping, or other handling
of the parts. The installation of automotive replacement parts is likely to involve removal of old parts
and insertion of the replacement parts within the vehicle, which EPA does not expect to generate dusts
or other sources of release. Thus, EPA does not expect releases or exposures will occur at automobile
repair sites.

2.2.9 Use: Installation of XPS/EPS Foam Insulation in Residential, Public, and
Commercial Buildings, and Other Structures

Fabricated SIPs or XPS and EPS foam from XPS and EPS foam manufacturing sites are installed at
construction sites for continuous insulation applications such as in walls and roofs on the exterior of
buildings, ceilings and subfloor systems insulation (U.S. EPA. 2018e). Specifically, these materials are
used for insulation within the walls of buildings, as exterior sheathing, and in ceilings, roofs, and
subfloors (NICNAS. 2012b). The building and construction industry use XPS and EPS foam thermal
insulation boards and laminates for sheathing products. EPS foam prevents freezing, provides a stable
fill material and creates high-strength composites in construction applications (U.S. EPA, 2018e¢). XPS
foam board is used mainly for roofing applications and architectural molding. HBCD is used in both
types of foams because it is highly effective at levels less than 1% and maintains the insulation
properties of XPS and EPS foam (Morose, 2006b).

During installation of the SIPs and XPS and EPS foam that was not previously formed into SIPs, these
materials may be cut or sawed at the construction site to fit into the building structure. Cutting is likely
to be done manually but may be done with thermal wires at large construction sites or by professional
insulation installation contractors (NICNAS, 2012b). The EURAR assumes that one in every ten foam
boards is cut at construction sites (i.e., 10%). Due to lack of additional information, EPA estimated
releases and exposures from the cutting of 10% of the amount of HBCD used for construction purposes.

Environmental Release Assessment Methodology

Facility Estimates

As discussed in Section 2.2.1, EPA evaluated this condition of use assuming an import volume of
100,000 pounds/year (45,359 kg/year) (U. S. EPA, 2016). EPA does not estimate releases and exposures
for one site for this condition of use, as EPA expects this condition of use is more widespread. EPA
calculates a range of 34 to 2,696 construction sites for this condition of use based on 100,000
pounds/year import volume, as described below.

The Chemical Safety Report on HBCD prepared by the European Chemicals Agency (ECHA) assesses
XPS and EPS foam use rate at a large construction site as approximately 2,440 m> of foam (ECHA
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2017b), which equates to an applied surface area of 40,733 m? based on an insulation thickness of 0.06
meters (ECHA, 2008b). With this use volume, and assuming an average foam density of 40 kg/m> based
on the average of XPS density (35 kg/m®) and EPS density (45 kg/m?), and an HBCD content of
approximately 1.35 wt% based on the average of HBCD concentration in XPS (2 wt%) and EPS (0.7
wt%) (ECHA., 2008b), this results in a use rate by a professional contractor of 1,320 kg HBCD/job site.
EPA assumed this HBCD use rate at large construction sites based on ECHA data is representative of
large construction sites in the United States and uses this use rate for this risk evaluation. With this use
rate of 1,320 kg HBCD/job site and a total construction use volume of 100,000 pounds/year (45,359
kg/year), EPA calculates 34 sites. EPA used 34 sites as the lower value in a range of the number of
potential affected construction sites.

EPA also calculated the number of potential smaller residential construction sites by assuming a floor
surface area of 2,169 ft? from U.S. Census Bureau data
(https://www.census.gov/const/C25Ann/sftotalmedavgsqft.pdf). EPA calculated the total applied surface
area to be 519 m? and the total volume of insulation to be 31.2 m?, assuming a square house with one
layer of insulation on three 10-foot tall stories (including basement and two above ground stories) and a
foam thickness of 0.06 meters (ECHA, 2008b). Using the same density and HBCD concentration as
described above, EPA calculated a use rate of 16.82 kg HBCD/job site. With this use rate of 16.82 kg
HBCD/job site and a total construction use volume of 45,359 kg/year, EPA calculates 2,696 sites. EPA
uses 2,696 sites as the upper value in a range of the number of potential affected construction sites. EPA
provides an estimated range of construction sites depending on the use of HBCD-containing XPS and
EPS foam between commercial and residential sites.

Release Sources

Based on the process description, EPA infers that there are releases from sawing or thermal cutting of
XPS or EPS foam and disposal of trimmings at construction sites. EPA does not expect dust generation
during travel and unloading of the foam slabs at the construction sites (OECD, 2009).

Emission Factors

Due to lack of specific information on releases from sites that install XPS and EPS foam insulation in
buildings, EPA estimated releases from this condition of use consistent with the methodology used to
estimate releases from the Manufacture of SIPs and Automobile Replacement Parts from XPS /EPS
Foam. Refer to section 2.2.7 for additional explanation of this methodology and Table 2-26 in Section
2.2.7 for a summary of the emission factors used in this assessment.

As described in facility estimates, EPA uses an HBCD use volume for this condition of use of 100,000
pounds/year (45,359 kg/year). The EURAR assumes that one in every ten foam boards is cut at
construction sites (i.e., 10%). EPA uses this same assumption and assessed that 10% of the amount of
HBCD used for construction purposes is cut (i.e., 10,000 pounds/year [4,536 kg HBCD/year]). EPA
multiplied this volume by the emission factors discussed in this section to estimate releases.

EPA expects that construction sites are not likely to implement dust controls that would result in releases
to stack air. EPA expects that dust releases are initially to fugitive air, with the possibility that the
particles may settle and be discharged in wastewater to surface water or sewers (which lead to either
surface water or POTWs). EPA does not expect that these dust releases will end up in landfills or be
incinerated.
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Number of Release Days

Based on the Draft Application of Spray Polyurethane Foam (SPF) generic Scenario (U.S. EPA, 2018c),
EPA estimated that workers install insulation over one day per residential job site and three days for
commercial job sites. These estimates are based on the length of time for application of foam, the size of
the building in which foam is installed, and judgement on additional time needed for set-up, tear-down,
and maintenance activities at the job site.

The data sources used to estimate releases in this section are listed in Table 2-30 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-30. Installation of EPS/XPS Foam Insulation in Residential, Public and Commercial
Buildings, and Other Structures Release Data Source Evaluation

Overall Confidence Rating
of Data

High

Source Reference Data Type Value

Particle Generation Factor See Table 2-25

(ECHA. 2008b)

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-31.

Table 2-31. Input Variables to Equation 2-1 for the Installation of EPS/XPS Foam Insulation in
Residential, Public and Commercial Buildings, and Other Structures

Input Variable
Ns f
v (sites) (kg HBCD released/kg HBCD processed) N
d
(of HBCD) Lower value | Upper value Lower value of Upper value of (days/yr)
(Commercia | (Residential emission factors emission factors
1 sites) sites) (residential) (commercial)
100,000 34 2,696 5.06E-05 to Fugitive Air, |2.25E-04 to Fugitive 1 (residential) to 3
pounds/year = surface water, and/or Air; surface water, (commercial sites)
45,359 kg/year POTW and/or POTW
(with 10% of
boards assumed to 0.01 to landfill and/or 0.025 to landfill and/or
be cut) incineration incineration

The daily amount of solid HBCD released per site from cutting of XPS and EPS foam at construction
sites was calculated with Equation 2-1. The results of these calculations are summarized in Table 2-32.
EPA presents the lower and upper values of the range of release estimates calculated from varying the
emission factors (lower and upper emission factors), number of sites (residential and commercial), and
number of days per year (one day/year for residential sites and 3 days/year for commercial sites).

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates that are presented above.
EPA considered the assessment approach, the quality of the data, and uncertainties in assessment results
to determine the level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA has high confidence in this
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assessment approach, which is a strength of the assessment. EPA used emission factor data from the
EURAR and the draft GS on SPF application. The data from the EURAR has an overall confidence
rating of high, assigned using EPA’s systematic review process, as discussed in Section 1.5.EPA used
data on the number of release days from the draft GS on SPF application. The data from the draft GS on
SPF application was not evaluated because it is from a GS. EPA has a medium confidence that the
estimated range of release days encompasses the actual range of release days at these sites. The
limitations of the assessment are uncertainties regarding the extent to which the emission factor data and
the data on number of release days are applicable to the HBCD use activities that would occur in the
U.S. Based on the strength and limitations of the assessment, EPA has medium to high confidence in the
assessment results.

Table 2-32. Summary of HBCD Releases from Installation of XPS/EPS Foam Insulation in
Residential, Public and Commercial Buildings, and Other Structures

Releases calculated from lower value of range| Releases calculated from upper value of
of emission factors ? range of emission factors ?
Method of
Release L] Annual Total Annual Hours of
Release . ? Annual Daily | Days of Annual Daily | Days of Release
Disposal, Release Numbe Release Numb
Source Release .. | Release | Release Release .. |Release| Release per Day
Treatment, or Per Site . r of Per Site . er of
5 a for All .. |(kg/site-|(day/year| . for All .. |(kg/site-{(day/yea| . (hr/day)
Discharge . (kg/site- Sites . (kg/site- Sites
Sites ) day) ) Sites ) day) r)
kgiy) | Y kgiyn) | ¥
Dust release | May go to one
dur'lng or more:. 3.0E- | 1.0E- 8
sawing / Fugitive Air, 0.2 |8.5E-05|8.5E-05 1 2,606 1.0 3 34
. 02 02 hours/day
cutting of | surface water,
foam or POTW
May go to one
Trimming |\ ormore: 454\ g ol17E-02) 1 |2696] 113 | 33 | 11| 3 |34 ] 8
foam scrap | Incineration or hours/day
landfill
* The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific
conditions, including type of equipment use, size of the site, and waste handling practices, including any pollution controls
used.
> Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and
HBCD.

2.2.10 Demolition and Disposal of XPS/EPS Foam Insulation Products in Residential,
Public and Commercial Buildings, and Other Structures
At the end of the use life of XPS and EPS foam insulation products, they are removed from buildings
through demolition or remodeling of buildings. The demolition may be accomplished with many
methods, including the use of explosives, a wrecking ball, or manual deconstruction (ECHA. 2008b).
EPA expects the demolition process is likely to involve the breaking of XPS and EPS foam insulation
products into smaller pieces for subsequent disposal or recycling.

Environmental Release Assessment Methodology

Facility Estimates

EPA estimated environmental releases for this condition of use based on the volume of HBCD that is
disposed of annually. EPA estimated this volume as a fraction of the amount of HBCD currently in use
in buildings the United States. The Environmental Health Strategy Center estimated that about 100
million pounds of HBCD existed in use in the “built environment” (EPA interprets this to mean in
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buildings) in the United States as of 2010 (comment on Docket ID Number: EPA-HQ-OPPT-2016-
0735-0008, (Safer Chemicals, 2017)). EPA estimated environmental releases of HBCD during
demolition of XPS and EPS foam insulation in buildings using a fraction of these 100 million pounds of
HBCD, as discussed below.

(Managaki et al., 2009) estimates that approximately 1.7 percent of the in-service volume of HBCD in
Japan is disposed of each year. These data have an overall confidence rating of High from EPA’s
systematic review process, which takes into consideration the country of origin of the data. EPA did not
find data related to the disposal of in-service volume of HBCD in the United States. EPA used the
estimate from (Managaki et al., 2009), 1.7 percent, of the in-service volume of HBCD in the United
States (100 million pounds), is demolished each year. This results in 1.7 million pounds/year (771,107
kg/year) for this condition of use.

EPA estimated the number of demolition sites to be proportional to the number of installation sites. As
discussed in Section 2.2.9, EPA estimated a lower value of 34 commercial sites and an upper value of
2,696 residential sites had EPS or XPS foam insulation containing HBCD installed based on a
processing volume of 100,000 pounds HBCD/year. Scaling for the larger demolition volume of 1.7
million pounds HBCD/year, EPA estimated a lower value of 578 commercial sites and an upper value of
45,832 residential sites with HBCD-containing insulation are demolished each year. The following is a
sample calculation:

Low-end number of demolition sites = 34 installation sites X (1.7 million Ibs of HBCD /100,000
Ib/yr of HCBD) = 578 sites.

Disposal wastes from demolition sites are ultimately to construction waste landfills and municipal
incinerators.

Release Sources

During demolition, releases are likely to occur from the breaking apart of XPS and EPS insulation
boards and subsequent disposal. The subsequent recycling/reuse of these boards are assessed separately
in Section 2.2.11.

Emission Factors

Of the amount of XPS/EPS building insulation containing HBCD that is removed from buildings,
(Managaki et al., 2009) estimates that 4% of this amount is recycled, 53% is disposed of to landfill
(emission factor = 0.53 kg HBCD to landfill’kg HBCD in demolished foam), and 43% is treated via
incineration (emission factor = 0.43 kg HBCD to incineration/kg HBCD in demolished foam). EPA did
not find data specifically related to the disposal of in-service volume of HBCD in the United States.
EPA applied these estimates from Japan described above from (Managaki et al., 2009) for disposal
mechanisms in the United States. These releases from demolition sites are ultimately to construction and
demolition landfills and municipal incinerators.

In addition to the above releases from disposal of demolition wastes, a smaller amount of HBCD is
released at the actual demolition sites from the demolition process (i.e., dust generation from the
breaking of insulation). EPA estimated this fraction based on methodology from the EURAR. The
EURAR assessed releases from demolition activities using a particle emission rate of 90 g
particles/metric ton EPS for the manual breaking of EPS boards (ECHA, 2008b). This particle
generation rate is based on a study in which EPS boards were manually broken to determine the particle
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generation rate by weighing the quantity of particles formed during these activities. EPA estimated
releases from demolition assuming all material is manually deconstructed, using the emission rate for
manual breaking of EPS boards of 90 g EPS particles/metric ton EPS boards broken, which is equal to
an emission factor of 9.0E-05 kg HBCD released/kg HBCD in demolished foam. The EURAR
determined that there is no release of XPS particles from manual breaking based on the same study. The
difference between XPS and EPS particle generation from manual breaking is due to the difference in
structure between XPS and EPS foam (ECHA, 2008b).

Buildings being demolished may contain either XPS or EPS insulation. A supporting document for the
EURAR indicates that the proportions of HBCD used for XPS and EPS are similar (ECHA, 2009b).
Hence, EPA assessed a split of 50 percent XPS foam and 50 percent EPS foam. With this split, EPA
calculated a weighted emission factor based on the particle emission rate for EPS and that no particles
are generated from breaking XPS, as described above from the EURAR. This weighted emission factor
is presented in Table 2-34. Demolition sites are not likely to implement dust controls. With no dust
controls to capture generated dust, EPA expects that dust generated during demolition is released to
fugitive air. While these dust releases are initially to fugitive air, the particles may subsequently settle
and be released in wastewater to surface water or sewers (which lead to either surface water or POTWs).
EPA does not expect that these dust releases will end up in landfills or be incinerated.

The data sources used to estimate releases in this section are listed in Table 2-33 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-33. Demolition of EPS/XPS Foam Insulation in Residential, Public and Commercial
Buildings, and Other Structures Release Data Source Evaluation

Overall Confidence
Source Reference Data Type Value Rating of Data
(Managaki et al., Emission Factors 0.53 to 'lan'dﬁll apd 0.43 to High
2009) incineration
(ECHA., 2008b) Particle Generation Factor See Table 2-25 High

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-34.

Table 2-34. Input Variables to Equation 2-1 for Demolition of EPS/XPS Foam Insulation in
Residential, Public and Commercial Buildings, and Other Structures

Input Variable
A\ Ns f Na
. (kg HBCD released/kg
(of HBCD) (sites) HBCD processed) (days/yr)

Releases occur at demolition |4.50E-05 to fugitive air,

1.7 million pounds/year = | Sites, construction waste surface water, and/or POTW EPA did not estimate the
771,107 kg/year landfills, and municipal 0.53 to landfill number of release days.
incinerators.

0.43 to incineration

The amount of solid HBCD released from demolition was calculated with Equation 2-1. The results of
these calculations are summarized in Table 2-35.
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Table 2-35. Summary of HBCD Releases from Demolition of EPS/XPS Foam Insulation in
Residential, Public and Commercial Buildings, and Other Structures

Method of Release, Disposal, Treatment, Total AnnualoRelease for All
Release Source or Discharge * Sites
(kg/yr) ®
. . May go to one or more: Fugitive Air,
Dust release during breaking of foam Surface Water, or POTW 34.7
Disposal of demolition waste (foam) Landfill 408,687
Disposal of demolition waste (foam) Incineration 331,576

* The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-
specific conditions, including type of equipment use, size of the site, and waste handling practices, including any pollution
controls used.

b Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene
and HBCD.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed range of annual releases that are presented above. EPA
considered the assessment approach, the quality of the data, and uncertainties in assessment results to
determine the level of confidence. EPA implemented this approach using emission factor data from the
EURAR and (Managaki et al., 2009). The data from these sources both have overall confidence ratings
of high, assigned using EPA’s systematic review process, as discussed in Section 1.5. The limitations of
the assessment are uncertainties regarding the extent to which the emission factor data is applicable to
the demolition activities that would occur in the U.S. Based on the strength and limitations of the
assessment, EPA has medium confidence in the assessment results.

2.2.11 Processing: Recycling of EPS Foam and Reuse of XPS Foam
Schlummer et al. (Schlummer et al., 2017) notes that XPS and EPS foam in construction insulation
materials are rarely recycled for numerous reasons, including that insulation waste is typically not
separated from mixed waste stream and most insulation containing HBCD is still in place.

To recycle EPS foam, the EPS boards are grinded, melted, and introduced into the EPS molding process
with virgin EPS (ECHA, 2008b). Thus, EPS recycling is likely to occur at sites with similar operations
to those described for EPS foam manufacturing in Section 2.2.6. XPS insulation may be reused but is
rarely recycled due to the specialized equipment needed to do so (U.S. EPA, 2018e). Reuse of XPS may
involve the cutting of the XPS insulation into different sizes, as needed. Based on reasonably available
information, as discussed in the 2018 HBCD Problem Formulation Document, EPA assessed the reuse
of XPS, but not the recycling of XPS (U.S. EPA, 2018f).
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Environmental Release Assessment Methodology

Facility Estimates

EPA identified two companies in the 2018 HBCD Problem Formulation Document that directly reuse
(e.g., reuse without reforming) and recycle (e.g., melting and inserting into the manufacturing process)
XPS and EPS foam insulation (U.S. EPA, 2018f). One of these companies indicated that they recycle
EPS roofing material at a rate of 10,000 pounds/year of EPS and reuse XPS roofing material at an
unknown rate (but does not recycle it due the special equipment needed to recycle XPS). Details on the
operations of the other recycling / reuse company were not provided (U.S. EPA, 2018e), but EPA
expects this company may perform both recycling and reuse of XPS and EPS foam.

EPA estimated releases for two EPS recycling and XPS reuse sites (one site per company identified in
the 2015 HBCD Problem Formulation document (U.S. EPA, 2015) for this condition of use and uses the
same known throughput (10,000 pounds of EPS insulation recycled per year) for both sites. EPA did not
identify data to characterize the statistical representativeness of this assessment. With a typical HBCD
concentration of 0.7 weight percent in EPS insulation (ECHA. 2017c; INEOS Styrenics, 2017; U.S.
EPA, 2015; ECHA, 2009a, 2008b; Thomsen et al., 2007), each company processes 70 pounds
HBCD/year in EPS insulation (31.8 kg HBCD/site-year, or 63.5 kg HBCD/year for both sites).

One of the above companies estimates that 10-20% of EPS roofing material is recycled nationally (U.S.
EPA, 2018f), thus the number of sites that perform EPS recycling in the United States is likely greater
than the two sites.

Release Sources

Based on the process description, EPA infers that releases for recycling of EPS foam for this condition
of use are similar to those for Manufacturing of EPS Foam from Imported EPS Resin Beads, as
described in Section 2.2.6, with the removal of the trimming release, as EPA does not expect that there
will be waste disposal due to trimming at a EPS recycling site.

Emission Factors

EPA expects that EPS foam is likely to be transported in trucks or other bulk containers for this
condition of use, as opposed to the transport of EPS resin beads in bags for the Manufacturing of EPS
Foam from Imported EPS Resin Beads. For this condition of use, EPA estimates releases from the
cleaning of bulk containers used to transport the EPS foam to the converting site. The method of release,
disposal, treatment, or discharge is dependent on any pollution controls that are implemented at that site,
as well as other factors such as the equipment used and size of the site. The method of release, disposal,
treatment, or discharge may include some or all of the following depending on site-specific conditions:
surface water, POTW, onsite WWT, POTW, landfill, or incineration.

EPA additionally estimated releases from dust and equipment cleaning residue in accordance with the
methodology described in Section 2.2.6 for the Manufacturing of EPS Foam from Imported EPS Resin
Beads.

Number of Release Days

Using the European Communities Technical Guidance Document for industrial use in the polymers
industry and a processing volume of 140 pounds HBCD/year (<1 metric ton), EPA estimated 1 day of
emission per year (ECB, 2003). Based on these data, EPA used a lower bounding estimate of one
day/year, as the number of emission days cannot be lower than this estimate. Because EPS recycling
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occurs at the similar sites as EPS foam manufacturing from EPS resin, EPA uses the same upper value
of the range of days determined in Section 2.2.6, which is 140 days/year, to account for variability in the
amount of foam that is recycled at a time.

The data sources used to estimate releases in this section are listed in Table 2-36 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-36. Recycling of EPS Foam Release Data Source Evaluation

Overall Confidence
Source Reference Data Type Value Rating of Data
(NICNAS., 2012b) Release Days 140 days/year for all High
releases
(ECB, 2003) Release Days I day/year for all Medium
releases

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-37.

Table 2-37. Input Variables to Equation 2-1 for the Recycling of EPS Foam
Input Variable

f
A Ns (kg HBCD released/kg HBCD processed) Na

(of HBCD) (sites) (days/yr)
Lower value of emission factors | Upper value of emission factors

Container cleaning: 0.01 to Container cleaning: 0.01 to
uncertain (could go to surface uncertain (could go to surface
water, onsite WWT, POTW, water, onsite WWT, POTW,
landfill, and/or incineration) landfill, and/or incineration)
20,000 pounds of EPS Equipment cleaning: 0.01 to Equipment cleaning: 0.01 to
foam/year = 1040 pounds 2 |uncertain (could go to surface uncertain (could go to surface 1-140
HBCD/yr (0.7% HBCD in water, onsite WWT/POTW, water, onsite WWT/POTW,
foam) = 63.5 kg HBCD/year landfill, and/or incineration) landfill, and/or incineration)

Dust: 0.001 to uncertain (could go |Dust: 0.005 to uncertain (could go
to stack air, fugitive air, surface to stack air, fugitive air, surface
water, onsite WWT, POTW, water, onsite WWT, POTW,
landfill, and/or incineration) landfill, and/or incineration)

The amount of solid HBCD released annually was calculated with Equation 2-1 by multiplying the
processing volume of HBCD by the emission factors. The daily amount of HBCD released from
recycling was calculated by dividing this annual release by the number of days of emission. The results
of these calculations are summarized in Table 2-38.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates that are presented above.
EPA considered the assessment approach, the quality of the data, and uncertainties in assessment results
to determine the level of confidence.
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To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA has high confidence in this
assessment approach, which is a strength of the assessment. EPA used emission factor data from the
2009 OECD ESD on Plastic Additives and other EPA/OPPT models. The emission factor data were not
evaluated because these data were obtained from an ESD or GS. EPA used data on the number of
release days from the European Communities Technical Guidance Document (ECB, 2003) and
Australian risk assessment (NICNAS, 2012b). The data from the technical guidance document has an
overall confidence rating of medium and the data from the Australian risk assessment has an overall
confidence rating of high; these ratings were assigned using EPA’s systematic review process, as
discussed in Section 1.5. EPA estimated a range of release days in order to capture variability and
address uncertainty. EPA has a medium to high confidence that the estimated range of release days
encompasses the actual range of release days at these sites. The limitations of the assessment are
uncertainties regarding the extent to which the emission factor data and the data on number of release
days are applicable to the HBCD recycling activities that would occur in the U.S. Based on the strength
and limitations of the assessment, EPA has medium to high confidence in the assessment results.
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Table 2-38. Summary of HBCD Releases from the Recycling of EPS Foam

Releases calculated from lower value of range of
emission factors ”

Releases calculated from upper value of range

of emission factors ”

Method of Total Daily Release (kg/site- Total Daily Release Hours of
Release, Annual Annual q
Release . Annual day) Annual (kg/site-day) Number | Release per
Source Disposal, Release Relea.se Release Relea‘se of Sites Day
Treatment, or for All Per Site | Number | Numberof | o an | €T Sit€ | Number | Number of (hr/day)
Disposal * Sites (kg/site- | of release release s (kg/site- | of release release
(kg/yr) yr) days: 1 days: 140 | (kg/yr) yr) days: 1 days: 140
day/year days/year day/year days/year
May go to one or
Dust more: Stack air,
release Fugitive Air,
from surface water, 6.35E-02 | 3.18E-02 | 3.18E-02 2.27E-04 0.318 0.159 0.159 1.13E-03 2 8 hours/day
grinding of onsite WWT,
foam POTW, Landfill,
or Incineration
May go to one or
Container more: surfa'lce
cleaning | el OnSite 1270 0.635 0.635 | 4.54E-03 127 0.635 0.635 | 4.54E-03 2 8 hours/day
residual WWT, POTW,
Landfill, or
Incineration

2 The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment
use, size of the site, and waste handling practices, including any pollution controls used.

b Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and HBCD.
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2.2.12 Processing: Formulation of Flux/Solder Pastes
EPA identified from the 2017 TRI results one site that processed HBCD as a formulation component. As
discussed in Section 1.2, communication with this company indicates that this site formulates HBCD
into flux/solder pastes. The TRI data does not specify the physical form of HBCD that is processed as a
formulation component. Based on the process description below, EPA expects HBCD powder is likely
used for this condition of use. This condition of use represents only the incorporation of HBCD into
formulations of soldering materials.

In communication with EPA, the flux and solder paste formulation company explained that flux/solder
paste components are processed in the U.S. and sent to China for final formulation and sale. The final
solder flux formulations containing HBCD are sold to both international and U.S. customers who use the
formulations primarily for electronics, such as circuit boards.

Incorporation into a formulation, mixture, or reaction product refers to the process of mixing or blending
several raw materials to obtain a single product or preparation (OECD, 2010b). First, the components of
the product formulation are unloaded from transport containers, either directly into the mixing
equipment or into an intermediate storage vessel (OECD, 2010b). Transfer from transport containers
may be manual or automated using a pumping system. An automated dispenser may be used to feed
components into the mixing vessel to ensure that precise amounts are added at the proper time during
the mixing process. Once in the mixing vessel, the components are then mixed in either a batch or
continuous system. Depending on the specific product, the formulation may be further processed
through filtering. Once the formulation is completed, it is sampled for quality control. The final
formulation is then filled into containers, either through manual dispensing from transfer lines or
through an automatic system. Automatic filling systems are generally used for the filling of smaller
containers that are intended for consumer and commercial applications, whereas manual filling is done
for larger containers (e.g., tank trucks, totes, drums) which are typically used in an industrial setting
(OECD, 2010b).

Environmental Release Assessment Methodology

Facility Estimates

EPA expects that the amount of HBCD used in flux/solder paste is significantly less than the amount
used for insulation in buildings, as these uses were not reported by the former manufacturers and
importers of HBCD to the 2016 CDR. Use in EPS and XPS foam has accounted for 95 percent of all
HBCD applications in the past decade (U.S. EPA, 2014d; UNEP, 2010). Due to lack of additional
information, for the purposes of this risk evaluation, EPA estimated that the remaining five percent of
HBCD applications are in solder flux formulations. With an importation volume equal to the CDR
threshold of 100,000 pounds/year and 5 percent, EPA used a throughput of 5,000 pounds HBCD/year
(2,268 kg/year) to estimate releases and exposures for this condition of use. EPA assessed one solder
formulation site based on 2017 TRI data (U.S. EPA, 2017h).

Release Sources

Based on the process description, EPA infers releases may occur from dust generation during the
transfer of HBCD powder from transport containers into blending vessels, residual HBCD in the
emptied transport containers from the direct disposal of the emptied containers, and the periodic

cleaning of blending equipment.
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Emission Factors

EPA estimated releases from this condition of use using release information reported by the solder/flux
formulation site to the 2017 TRI.

Number of Release Days

EPA estimated a range of emission days per year based on the European Communities Technical
Guidance Document for formulation in the electronics industry, as the flux/solder formulations in this
condition of use are used for electronics applications (ECB, 2003). Specifically, EPA determined a
range of potential emission days by calculating the lowest and highest possible emission days from the
applicable defaults for formulation within the electronics industry. With this method and the HBCD
processing volume for this condition of use (5,000 pounds or 2.25 metric tons), EPA estimated 5
days/year. The highest number of emission days for formulation within the electronics industry is 300
days/year. Based on this, EPA estimated a range of 5 to 300 emission days/year.

The data sources used to estimate releases in this section are listed in Table 2-39 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-39. Formulation of Flux/Solder Pastes Release Data Source Evaluation

Source Reference Data Type Value Overall Confidence Rating
of Data
Site-Specific Release See
(U.S. EPA, 2017h) peetiie Table Medium
Quantities
2-40
5to 300
days/year .
(ECB, 2003) Release Days for all Medium
releases

Environmental Release Assessment Results

The releases, as they were reported to 2017 TRI, are summarized in Table 2-40. The flux/solder paste
formulation site reports off-site transfers to a waste broker for disposal (disposal as defined at 40 CFR
372.3 is ‘any underground injection, placement in landfills/surface impoundments, land treatment, or
other intentional land disposal’.) and for treatment via solidification/stabilization (EPA assumes this
disposal is to landfill).
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Table 2-40. Summary of HBCD Releases from Flux/Solder Paste Formulation Sites from 2017 TRI

Data
2017 TRI Hours of
Site Condition | Apnpual Release Per . . a Release
identity of Use Sife Daily Release (kg/site-day) per Day
(kg/site-yr) Over 5 day/year Over 300 day/year (hr/day)
Fugitive air *: 0.454 Fugitive air *: 0.091
élg]})é,Ung Stack air ": 6.350 Stack air®: 1.27 | Fugitive air *: 0.0015
AMERICA Formulation | Unknown disposal ©: Unknown disposal | Stack air ®: 0.021 8 hours/da
Clinton > | of Solder | 0.454 ¢ 0.091 Unknown disposal ©: 0.0015 y
’ Off-site landfill ¢: Off-site landfill ¢: Off-site landfill ¢: 0.021
NY 6.350 1.27

2 These fugitive air releases were reported under Section 5.1 of the TRI Form R, which correspond to on-site fugitive or
non-point air emissions.

b These stack air releases were reported under Section 5.2 of the TRI Form R, which correspond to on-site stack or point
air emissions.

¢ This unknown disposal quantity was reported under Section 6.2 of the TRI Form R, which corresponds to code M94,

which is off-site transfer to waste broker for disposal. Disposal (as defined at 40 CFR 372.3) is ‘any underground

injection, placement in landfills/surface impoundments, land treatment, or other intentional land disposal’.

4 This off-site landfill quantity was reported under Section 6.2 of the TRI Form R, which corresponds to code M40, which
is off-site transfer for treatment via solidification/stabilization. No additional details were provided. EPA assumes the
final method of disposal is landfill.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates that are presented above.
EPA considered the assessment approach, the quality of the data, and uncertainties in assessment results
to determine the level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using reported annual release quantities and a range of number of release days per year as discussed in
detail in Section 2.2.1 and above. EPA has high confidence in this assessment approach, which is a
strength of the assessment. EPA used release data from 2017 TRI data, which has an overall confidence
rating of medium, assigned using EPA’s systematic review process, as discussed in Section 1.5. EPA
used data on number of release days from the European Communities Technical Guidance Document
(ECB, 2003), which has an overall confidence rating of medium. However, EPA estimated a range of
release days in order to capture variability and address uncertainty in this method. EPA has a high
confidence that the estimated range of release days encompasses the actual range of release days at these
sites, which is a strength of this assessment. The limitations of the assessment are uncertainties
regarding the extent to which the annual release data is reflective of the full distribution of release rates
and the extent to which the data on number of release days are applicable to the HBCD processing
activities that would occur in the U.S. Based on the strengths and limitations of the assessment, EPA has
medium to high confidence in the assessment results.

2.2.13 Use of Flux/Solder Pastes

As described in Section 1.2.5.3, EPA identified that HBCD is used specifically in solder/flux pastes that
are used in electronics manufacturing. The solder/flux paste formulator indicated that the final
formulations are used both overseas for electronics manufacturing and domestically. EPA did not find
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information on the fraction of the solder/flux pastes that are used domestically. EPA assumes that the
entire amount is used in the United States. Additionally, for the purpose of this risk evaluation, EPA
assumes that they are used similarly as they are used overseas, specifically in electronics manufacturing.
Within the electronics industry, solder/flux pastes are used to attach components to printed circuit
boards. EPA expects that the use of solder in other industries involve similar release sources and
quantities as those assessed in this risk evaluation.

Solder pastes are comprised of solder, which is a metal alloy, predominantly tin mixed with other metals
such as lead and silver, suspended within flux pastes that typically contains rosin, wetting agents,
viscosity modifiers, and other fluxing aids (OECD, 2010a). Soldering is a process in which two or more
substrates, or parts (usually metal), are joined together by melting solder paste into the joint and
allowing it to cool, thereby joining the independent parts. Solder paste is first applied in the area
between the substrates to be joined, then heat is applied to the solder paste, which causes the solder to
melt and join the two substrates together once cooled. The solder has a lower melting point than the
adjoining metal substrates, allowing it to be melted during the soldering process without melting the
substrates. The function of flux within the solder paste is to prevent oxidation during the soldering
process, which ensures that soldered joints are secure (OECD, 2010a). Soldering differs from welding in
that soldering does not involve melting the substrates being joined.

Solder paste can be applied to metal substrates with a variety of methods. The website of the site that
processes HBCD as a formulation component, identified from 2017 TRI, depicts solder paste
formulations as syringe/bead applied to circuits to be soldered. Based on this information, EPA expects
the use of syringe application on circuit boards during this condition of use.

Solder pastes are largely made up of metal solder (at least 90 percent), flux (around 5 percent), with the
remainder as solvent and other additives (these specialty chemicals are generally less than one percent of
the composition of the solder paste) (OECD, 2010a). HBCD serves as a fluxing aid within solder/flux
paste formulations.

Environmental Release Assessment Methodology

Facility Estimates

As discussed in Section 2.2.12, EPA estimated a throughput of 5,000 pounds HBCD/year (2,268
kg/year) for the formulation of solder flux. EPA uses this same HBCD volume for this condition of use.
EPA estimated that the entire throughput is used in the United States, as the portion that is used
internationally is unknown, as discussed above.

EPA uses the OECD ESD on Chemicals Used in the Electronics Industry (OECD, 2010a). To calculate
the number of solder use sites as described below. Since the OECD ESD estimates other additives are
generally less than one percent of the composition of the solder paste, EPA used an HBCD composition
of one weight percent for this condition of use.

The OECD ESD includes default annual facility use rates for non-aqueous (paste) solder paste
formulations of less than 1,000 kg/site-year for small scale use sites and greater than 1,000 kg/site-year
for large scale use sites. To calculate the number of sites for this condition of use, EPA uses a
throughput of 1,000 kg solder formulation/site-year. The number of sites is equal to the HBCD use
volume (2,268 kg/year), divided by the solder paste formulation use rate (1,000 kg/site-year) and HBCD
content in the formulation (0.01). This calculation results in 227 sites.
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Release Sources

Based on information in the OECD ESD, EPA infers that releases may occur from: disposal of
containers used to ship the flux/solder paste formulations containing HBCD, cleaning of soldering
equipment and soldered components, and overapplied solder (OECD, 2010a).

EPA estimated releases from this condition of use using the 2010 OECD ESD on Chemicals used in the
Electronics Industry (OECD, 2010a), as the formulator of the solder and flux pastes containing HBCD
indicates that these formulations are used for circuits and other electrical components. Table 2-41
summarizes the release sources assessed by EPA. Explanation of the methodology used for this
assessment is explained below.

Emission Factors

The OECD ESD on Chemicals Used in the Electronics Industry indicates that the total loss from use of
flux and solder in the electronics industry is typically 10 percent (OECD, 2010a). The OECD ESD
specifies that releases contributing to this overall loss may include washing of equipment used for
soldering, washing of components that have been soldered, and from disposal of unused solder by either
solvent washings that occur throughout the electronics manufacturing process or disposal of scrap
components containing solder formulations.

While the OECD ESD does not specifically call out releases from disposal of containers used to ship the
flux and solder paste formulations, EPA expects this release is a part of the total 10 percent loss
estimated by the OECD ESD. The website of the flux and solder formulator identified in 2017 TRI
indicates that these formulations are frequently supplied in small containers, such as syringes, from
which application onto substrates may be conducted directly from the containers, without unloading into
separate application equipment. EPA expects that these containers are most likely disposed of as solid
waste to landfill or treated via incineration, as opposed to being cleaned (which may result in liquid
wastes). Thus, EPA estimated release from container residual disposed of to landfill or treated via
incineration, using the EPA/OPPT Small Container Residual Model, which indicates a loss of 0.6
percent from residue inside containers (U.S. EPA, 2013a). The method of release, disposal, treatment, or
discharge is dependent on any pollution controls that are implemented at that site, as well as other
factors such as the equipment used and size of the site. EPA did not find information on waste handling
procedures at these sites. The method of release, disposal, treatment, or discharge may include disposal
to landfill, treatment via incineration, or both.

The OECD ESD on Chemicals Used in the Electronics Industry indicates that release may occur from
cleaning of equipment or components (such as solder equipment, which is distinguished from
application equipment) (OECD, 2010a). The OECD ESD estimates that this release is up to 2 percent of
the use volume discharged in wastewater to on-site WWT or POTW.

The final release that is defined in the OECD ESD is loss of unused flux and solder paste formulations.
This may occur when unused formulation on soldered components (i.e., overapplied solder) is washed
off components in some of the solvent washings that are customary in the electronics manufacturing
process (OECD, 2010a). This release may also occur from the disposal of scrap components that have
been soldered or that contain unused flux and solder formulation. While the OECD ESD does not
specify an exact loss percentage for this release, it does estimate a total loss of 10 percent, which EPA
used to determine this release fraction by subtracting the upstream losses of container disposal (0.6%)
and equipment cleaning (1 to 2%). Thus, EPA estimated a loss of 7.4 to 8.4 percent for this release. The
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OECD ESD indicates that generated process solvents are disposed of as hazardous waste (which EPA
assumes includes incineration or hazardous waste landfill disposal) and that scrap components are
disposed of as solid waste. Thus, EPA assessed disposal to landfill or treatment via incineration. The
method of release, disposal, treatment, or discharge is dependent on any pollution controls that are
implemented at that site, as well as other factors such as the equipment used and size of the site. EPA
did not identify information on waste handling procedures at these sites. The method of release,
disposal, treatment, or discharge may include disposal to landfill, treatment via incineration, or both.

The total loss from this condition of use is 10% per the OECD ESD, with variation in the amount of

release for each method of release, disposal, treatment, or discharge (wastewater, landfill, or

incineration).

Table 2-41. Summary of HBCD Release Sources During Use of Flux and Solder Pastes

Release Source

Emission Factor used in
this Risk Evaluation

Method of Release,
Disposal, Treatment, or
Discharge Assessed in this
Risk Evaluation

Basis or Source

Disposal of used transport
container containing solid
HBCD residuals

0.006 kg HBCD released/kg
HBCD in containers

Uncertain: landfill,
incineration

Due to the small container
size (syringes), EPA assumes
containers are disposed of
from the sites as solid waste
to either landfill or

EPA/OPPT Small Container
Residual Model (U.S. EPA
2013a)

incineration
(OECD, 2010a). — The
OECD ESD indicates that up
Equipment Cleaning release 0.01 to 0.02 kg HBCD 100% to Onsite WWT/ to 2% of total releases may
of solid HBCD residuals released/kg HBCD used |POTW be to wastewater from

cleaning of equipment or
components.

Unused flux remaining on
components, which are likely
removed in subsequent
solvent washes

0.084 to 0.074 (10% minus
upstream losses, see above)
kg HBCD released’kg HBCD
used

Uncertain: landfill,
incineration

Solvent washings treated as
hazardous waste. EPA

assessed to incineration or
landfill.

(OECD. 2010a). — Per the
OECD ESD a total of 10%
loss is expected; accounting
for upstream losses, this loss
is 7.4%

Number of Release Days

EPA estimated a range of emission days per year based on the European Communities Technical

Guidance Document for use in the electronics industry, as the solder formulations in this condition of
use are used for electronics applications (ECB, 2003). Specifically, EPA determined a range of potential
emission days by calculating the lowest and highest possible emission days from the applicable defaults
for use within the electronics industry. With this method and the HBCD processing volume for this
condition of use (5,000 pounds or 2.25 metric tons), EPA estimated 4 days/year. The highest number of
emission days for use within the electronics industry is 300 days/year. Based on these values, EPA
estimated a range of 4 to 300 emission days/year.
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The data sources used to estimate releases in this section are listed in Table 2-42 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-42. Use of Flux and Solder Pastes Release Data Source Evaluation

Overall Confidence

Source Reference Data Type Value Rating of Data

4 to 300 days/year for

(ECB. 2003) Release Days all releases

Medium

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-43.

Table 2-43. Input Variables to Equation 2-1 for Use of Flux and Solder Pastes
Input Variable

f

\ Ns (kg HBCD released/kg HBCD used) Na
(kg HBCD imported/yr) | (sites) (days/yr)
Lower values of emission factors | Upper values of emission factors

5,000 pounds/yr = 2,268 kg/yr |227 |0.09 to landfill and/or incineration |0.08 to landfill and/or incineration |4-300

0.01 to Onsite WWT and/or POTW |0.02 to Onsite WWT and/or POTW

The amount of solid HBCD released from use of flux and solder pastes was calculated with Equation
2-1. The results of these calculations are summarized in Table 2-44. The use of flux and solder pastes
results in releases to wastewater, municipal landfill, and incineration. The largest source of release is
from unused formulations that are disposed of to landfill or incineration.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates that are presented above.
EPA considered the assessment approach, the quality of the data, and uncertainties in assessment results
to determine the level of confidence.

To estimate the range of daily release rates, EPA calculated minimum and maximum daily release rates
using the assessed HBCD processing volume, a range of emission factors, and a range of number of
release days per year as discussed in detail in Section 2.2.1 and above. EPA has high confidence in this
assessment approach, which is a strength of the assessment. EPA used emission factor data from the
2010 OECD ESD on Chemicals Used in the Electronics Industry. The quality of the emission factor data
was not evaluated because this data was obtained from an ESD. EPA used data on number of release
days from the European Communities Technical Guidance Document (ECB, 2003), which has an
overall confidence rating of medium, assigned using EPA’s systematic review process, as discussed in
Section 1.5. However, EPA estimated a range of release days in order to capture variability and address
uncertainty in this method. EPA has a high confidence that the estimated range of release days
encompasses the actual range of release days at these sites, which is a strength of this assessment. The
limitations of the assessment are uncertainties regarding the extent to which the emission factor data and
the data on number of release days are applicable to the HBCD use activities that would occur in the
U.S. Based on the strength and limitations of the assessment, EPA has medium to high confidence in the
assessment results.
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Table 2-44. Summary of HBCD Releases from Use of Flux and Solder Pastes

Higher landfill and incineration releases

Higher onsite wastewater, POTW releases ”

Method of Total Daily Release (kg/site- | Total Daily Release (kg/site-
Release A | | Annual d Annual Hours of
s nnua ay) Annual day) INESOheE
Release Source Disposal Release Release Release per
€ posal, Release . Release . of Sites p
Treatment, or Per Site |Number of [Number of Per Site | Number of | Number of Day (hr/day)
5 for All . for All . y y
Discharge * Sites | (ke/site- |release release Sites | (Ke/site- | release release
r . . r . .
(kg/yr) yr) days: 4 days: 300 (kglyr) yr) days: 4 days: 300
day/year |day/year day/year | day/year
Equipment cleaning release May go to one
ap g or more: Onsite | 227 | 0.100 | 2.50E-02 | 3.33E-04 | 454 | 0200 | 5.00E-02 | 6.66E-04 | 227 | 8hours/day
of solid HBCD residuals
WWT or POTW
Disposal of transport May go to one
containers containing solid | or more: 204 0.899 | 2.25E-01 | 3.00E-03 181 0.799 0200 | 2.66E-03 | 227 | 8hours/day
HBCD residual and Incineration or
overapplied/unused solder landfill

components.

2The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,
size of the site, and waste handling practices, including any pollution controls used.

" Release estimates are quantities of HBCD. The physical form of these releases is solid or paste mixtures containing HBCD and other solder / flux formulation
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2.2.14 Sensitivity Analysis- Process Volume

In Section 2.2.2 through Section 2.2.7, EPA provided release estimates using the CDR reporting
threshold volume of 100,000 Ibs/yr-site. EPA selected 100,000 Ibs/yr as a conservative process volume
in an effort to account for the uncertainty in the current HBCD import volume. As discussed in Section
1.2.5, EPA determined that the previously high volume HBCD importers (as identified by the 2016
CDR) have permanently stopped importing HBCD. EPA’s review of a widely used import database
(Datamyne) identified 5 sites in 2016 importing a total of 399,315 Ibs/yr of HBCD, and 1 site importing
46,096 1bs/yr in 2017. As of October 2018, there were no imports reported for 2018. The import of
HBCD has been steadily declining since the Stockholm Convention on Persistent Organic Pollutants
(POPs) has caused many processors to shift to alternative flame retardants. Due to the uncertainty with
the imported volume, EPA performed a targeted sensitivity analysis of process volume for select
conditions of use.

EPA performed the sensitivity analyses for three conditions of use at the per site process volumes of
50,000 Ibs/yr and 25,000 Ibs/yr to examine the effect of process volume on environmental releases and
subsequently the resulting general population and environmental exposures. EPA selected 50,000 1bs/yr
based on the most recent import volume reported for HBCD (2017), and to account for the declining use
of HBCD, EPA also considered a lower volume of 25,000 1bs/yr. The conditions of use considered in
the sensitivity analysis represent the conditions of use that resulted in the highest estimates of releases
on a daily basis and include scenarios that rely on both industry data and OECD ESDs. As shown in
equation 2.1, the daily releases of HBCD are estimated based on four parameters: process volume(V),
number of sites (Ns), emission factor (f), and number of release days (Nd). The last parameter, number
of release days (Nd), was estimated by either using industry data, days provided in relevant ESDs/GSs or
European Communities Technical Guidance Document (ECB, 2003). Depending on the source, the
selected range of release days may vary based on the expected process volume and was adjusted
accordingly. The determination of release days for each condition of use is discussed in their respective
sections: Section 2.2.2, Section 2.2.4, and Section 2.2.6. For all of the selected conditions of use, the
estimated total annual release per site decreased by the same factor as the decrease in the process
volume (i.e. annual releases based on 50,000 Ibs/yr decreased by a factor of 2; annual releases based
25,000 Ibs/yr decreased by a factor of 4).

Processing: Repackaging of Import Containers

For repackaging of import containers, quantities of releases are estimated from dust emissions during the
transfer of HBCD powder from import containers into new containers and from residual HBCD in the
emptied import containers that are disposed. The quantities of releases at the different process volumes
are presented in Table 2-45. An explanation of the emission factors for this condition of use are
presented in Section 2.2.2. The daily quantities of releases into the environment at different process
volumes are relatively unchanged as the range of the daily throughput volume (process volume per
site/operating days) for this condition of use did not significantly change. The lower value of the number
of release days (i.e., operating days for this condition of use) were estimated using B-tables from the
basic chemicals industry category in the European Communities Technical Guidance Document (ECB,
2003), which calculates a number of release days using the total import volume of the chemical
substance. The changes in process volumes adjusted the number of release days proportionally to the
decrease in process volume, the effect was similar daily releases. For this specific condition of use, EPA
also deemed that the higher value of release days, 300 days, would be adjusted to stay within a
reasonable range of daily throughputs based on the expected repackaging process and the reported daily

Page 125 of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=196375

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

throughput given by a repackaging site in NICNAS. The higher value of release days was scaled by the
same factor as the change in annual import volume.

Processing: Manufacturing of XPS foam from XPS Masterbatch

For the manufacturing of XPS foam from XPS Masterbatch, releases are estimated from: dust generation
during unloading the HBCD powder from the bags in which they were received; disposal of the bags in
which the HBCD powder is received; and periodic cleaning of process equipment. An explanation of the
emission factors for this condition of use are presented in Section 2.2.4. The releases at the different
process volumes are presented in Table 2-46. The decrease in daily releases into the environment
between process volume is directly proportional to the decrease in the process volume. The release days
specified by site-specific emission data in the EURAR are used for the range of release days.

Processing: Manufacturing of EPS foam from EPS resins

For Manufacturing of EPS foam from EPS resins, releases are estimated from dust generation during
unloading the EPS resin beads from the bags in which they were received and from the converting
process; disposal of the bags in which the EPS resin beads are received; and periodic cleaning of process
equipment. An explanation of the emission factors for this condition of use are presented in Section
2.2.6. The releases at the different process volumes are presented in Table 2-47. The changes in daily
release into the environment vary depending on number of release days estimate. For the lower value of
release days that were generated using the EU TGD- Polymer Industry (ECB, 2003), the adjustment to
the release days was proportional to the decrease in process volume. This results in little change between
the daily releases at the lower value of release days. The higher value of release days was reported by a
EPS foam manufacturer in NICNAS (NICNAS. 2012b). The process volume of the reported site was not
included, so it is uncertain if the lower process volume is applicable to the reported release days.
However, EPA believes given the small percentage of HBCD in EPS resins beads (<1%), 140 days is
still within a reasonable range of release days for EPS foam manufacturing for both 50,000 1bs/yr and
25,000 Ibs/yr of HBCD.
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Table 2-45. Summary of HBCD Releases from Sensitivity Analysis of Repackaging of Import Containers

Release Source

Method of Release, Disposal, Treatment, or
Discharge ?

Releases calculated from lower value
of range of emission factors °

Releases calculated from upper value
of range of emission factors P

Annual
Release
Per Site
(kg/site-
yr) ¢

Daily Release
(kg/site-day)

Lower
Number of
release days ¢

Upper
Number of
release days °

Annual
Release
Per Site
(kg/site-
yr) ¢

Daily Release
(kg/site-day)

Lower
Number of
release days ¢

Upper
Number of
release days ¢

Annual import volume = 100,000 pounds HBCD/year

Dust release during unloading

May go to one or more: Stack air, Fugitive Air, on-site

of HBCD WWT, POTW, landfill, or incineration 454 1.56 0.15 227 7.82 0.756
Disposal of transport bags Landfill 454 15.64 1.51 454 15.64 1.51
Annual import volume = 50,000 pounds HBCD/year
Dust release during unloading |May go to one or more: Stack air, Fugitive Air, on-site
of HBCD WWT, POTW, landfill, Incineration 227 151 0.15 13 7.56 0.756
Disposal of transport bags Landfill 227 15.12 1.51 227 15.12 1.51
Annual import volume = 25,000 pounds HBCD/year
Dust release during unloading |May go to one or more: Stack air, Fugitive Air, on-site
of HBCD WWT, POTW, landfill, Incineration 1.3 1.62 0.15 37 8.10 0.756
Disposal of transport bags Landfill 113 16.20 1.51 113 16.20 1.51

volume using EU TGD B-tables (

" The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,
size of the site, and waste handling practices, including any pollution controls used.
> Release estimates are quantities of HBCD. The physical form of these releases is solid HBCD.
° Based on the assumption of one given site.
4 The lower number of release days is 29 days/yr (100,000 Ib/yr), 15 days/yr (50,000 Ib/yr), 7 days/yr (25,000 Ib/yr). Release days were calculated using the new process
ECB, 2003), which required rounding to the nearest integer for release days. Note: While the process volumes were scaled by 2, due to
rounding, the daily releases are not directly scaled by the same factor.
° The upper number of release days is 300 days/yr (100,000 1b/yr), 150 days/yr (50,000 Ib/yr), 75 days/yr (25,000 1b/yr).
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Table 2-46. Summary of HBCD Releases from Sensitivity Analysis of XPS Foam Manufacturing Using XPS Masterbatch

Releases calculated from lower value of
range of emission factors °

Releases calculated from upper value
of range of emission factors P

Method of Release, Dally‘Release Dally'Release
. Annual (kg/site-day) Annual (kg/site-day)
Release Source Disposal, Treatment, or
] a Release Per Release Per Upper
Discharge . Lower Upper . Lower
Site Site Number of
(kg/site-yr) ¢ Number of | Number of (kg/site-yr) ¢ Number of release days
g YO release days ¢ | release days © & YO lrelease days 9 . y
Annual import volume = 100,000 pounds HBCD/year
Unknown — these data were reported by EU sites in| May go to one or more:
the EURAR as total annual release per site Stack air or fugitive air 2.63 2.63 0-164 2.63 2.63 0164
. May go to one or more:
Unk?ﬁg”é‘[;&iiea‘:ﬁ:ﬁnﬁ‘;:;‘i:’ey ]ff;:;es ™| Surface Water, Onsite 0.486 0.486 3.04E-02 1.19 1.19 0.080
P WWT, or POTW
Annual import volume = 50,000 pounds HBCD/year
Unknown - these data were reported by EU sites in| May go to one or more:
the EURAR as total annual release per site Stack air, fugitive air 131 131 0.082 131 131 0.082
. May go to one or more:
Unkgl"evgllj'}f:;ea‘iattjt;’lvzrlfnf;o:;f:a:g zg;zes ™| Surface Water, Onsite 0.243 0.243 1.62E-02 0.60 0.60 0.040
P WWT, POTW
Annual import volume = 25,000 pounds HBCD/year
Unknown - these data were reported by EU sites in| May go to one or more:
the EURAR as total annual release per site Stack air, fugitive air 0.66 0.66 0.041 0.66 0.66 0.041
L May go to one or more:
Unkgloe“glU-I;}/l\eIs{ea(;itjtgzrr?nfeﬁor:f:a:g i[rjssiies ™1 Surface Water, Onsite 0.121 0.121 8.10E-03 0.30 0.30 0.020
P WWT, POTW

° Based on the assumption of one given site.

4 The lower number of release days is 1 day/year (for all releases and all annual import volumes).
° The upper number of release days is 15 day/year (wastewater discharges) and 16 day/year (air releases) for all annual import volumes.

* The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,
size of the site, and waste handling practices, including any pollution controls used.
> Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and HBCD.
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Table 2-47. Summary of HBCD Releases from Sensitivity Analysis of EPS Foam Manufacturing from EPS Resin Beads

Releases calculated from lower value| Releases calculated from upper
of range of emission factors P value of range of emission factors ”
Annual Daily Release Annual Daily Release
Release Source Method of Release, Disposal, Treatment, or Discharge * | Release (kg/site-day) Release (kg/site-day)
Per Site Lower Upper |Per Site] Lower Upper
(kg/site- | Number of | Number of |(kg/site-| Number of | Number of
yr) ¢ |release days Yrelease days ¢ Yr)  |release days 9 release days °
Annual import volume = 100,000 pounds HBCD/year
Dust release during May go to one or more: Stack air, Fugitive Air, surface water,
converting process onsite WWT, POTW, Landfill, or Incineration 454 2.83 0.324 221 14.17 1.62
Equipment cleaning May go to one or more: surface \yater, 9n51te WWT, POTW, 454 783 304 454 783 304
landfill, or Incineration
Disposal of transport Landfill 454 283 3.24 454 283 3.24
containers
Trimming foam scrap May go to one or more: Incineration or landfill 454 28.35 3.24 1134 70.87 8.10
Annual import volume = 50,000 pounds HBCD/year
Dust release during May go to one or more: Stack air, Fugitive Air, surface water,
converting process onsite WWT, POTW, Landfill, Incineration 227 2.83 0.162 13 14.17 0.81
Equipment cleaning May go to one or more: surface .water., onsite WWT, POTW, 227 283 1.62 227 283 162
landfill, Incineration
Disposal of transport Landfill 227 283 1.62 227 28.3 1.62
containers
Trimming foam scrap May go to one or more: Incineration; landfill 227 28.35 1.62 567 70.87 4.05
Annual import volume = 25,000 pounds HBCD/year
Dust release during May go to one or more: Stack air, Fugitive Air, surface water,
converting process onsite WWT, POTW, Landfill, Incineration 1.3 2.83 0.081 37 14.17 0.40
Equipment cleaning May go to one or more: surface 'water', onsite WWT, POTW, 113 733 031 113 283 081
landfill, Incineration
Disposal of transport Landfill 13 283 0.81 13 28.3 0.81
containers
Trimming foam scrap May go to one or more: Incineration; landfill 113 28.35 0.81 283 70.87 2.02

" The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific conditions, including type of equipment use,
size of the site, and waste handling practices, including any pollution controls used.

> Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and HBCD.

° Based on the assumption of one given site.

4 The lower number of release days is 16 days/yr (100,000 Ib/yr), 8 days/yr (50,000 Ib/yr), 4 days/yr (25,000 Ib/yr).
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Releases calculated from lower value| Releases calculated from upper

of range of emission factors " value of range of emission factors ”
Annual Daily Release Annual Daily Release
Release Source Method of Release, Disposal, Treatment, or Discharge * | Release (kg/site-day) Release (kg/site-day)

Per Site Lower Upper |Per Site|  Lower Upper
(kg/site- | Number of | Number of |(kg/site-/ Number of | Number of
¥r) ¢ [release days Yrelease days ¢| Yr) ¢ [release days Y release days ©

° The upper number of release days is 140 days/year (all annual import volumes).
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2.2.15 Assumptions and Key Sources of Uncertainties for Environmental Releases

Processing Volume and Number of Sites

This evaluation estimates a processing volume and number of sites for each condition of use of HBCD
based on information provided by industry, information from literature or maximum import volume set
at the CDR reporting threshold. For the conditions of use involving processing of HBCD into XPS and
EPS foam (discussed in Section 2.2.2 to Section 2.2.7), EPA utilizes a processing volume of up to
100,000 pounds per year for an unknown site as discussed in Section 2.2.1. There are uncertainties with
the number of possible small firms currently importing HBCD and their import volumes. This could lead
to an overestimation of total annual releases at any given site, if HBCD is imported, processed, or used
at a lower volume. The impact of the processing volume on daily releases can vary with site-specific
variables such as the number of batches (if it’s not a continuous process), the frequency of cleaning or
the number of release days also influenced by the annual process volume of the chemical substance.
EPA evaluated the conditions of use related to XPS and EPS foam manufacturing only at the reporting
volume threshold under CDR, however, EPA used a range of release days and emission factors to
develop a reasonable range of daily releases to the environment.

For the use of XPS and EPS foam as insulation building materials, EPA used the total HBCD import
volume of 100,000 pounds for all sites that install XPS and EPS foam insulation (Sections 2.2.9). As
discussed above, there is uncertainty as to the number of small firms importing HBCD and their import
volumes, which leads to uncertainty in the overall volume of HBCD that may be used for XPS and EPS
foam insulation in buildings. To determine the number of sites that install XPS and EPS foam in
buildings, EPA used XPS and EPS foam properties (i.e., density, thickness, and HBCD concentration in
the foam) and assumed building sizes to calculate an HBCD throughput at each construction site, from
which the number of sites could be determined. For this HBCD throughput calculation, EPA used
averaged foam properties between XPS and EPS foam insulation. However, these properties may vary
depending on the type of insulation (i.e., interior wall, exterior wall, or roofing), which results in
uncertainty in this throughput and number of sites estimates. In addition, EPA used assumed building
sizes for residential and commercial sites to develop lower and upper estimates of HBCD throughput
and number of sites. In reality, the actual building size and associated HBCD throughput is expected to
vary widely, resulting in additional uncertainty in this estimate. The lower and upper estimates of HBCD
throughput and number of sites may underestimate and overestimate releases, respectively. However,
EPA developed these upper and lower estimates in an effort to capture the possible range of number of
sites and associated releases.

EPA used data from an HBCD life cycle assessment in Japan (Managaki et al., 2009) to estimate the
amount of insulation materials containing HBCD that are disposed of from demolition sites and the
method of disposal. There is uncertainty in the extent to which the disposal practices in Japan are
reflective of those in the United States. For the recycling of EPS foam (Section 2.2.11), EPA estimated
HBCD processing volume and number of sites based on information identified from industry in the
HBCD Problem Formulation document (U.S. EPA, 2018f). There is uncertainty in the extent to which
this information captures the full number of sites that recycle or reuse XPS/EPS building insulation
containing HBCD. This could lead to underestimation of total annual releases for all sites for this
condition of use; however, EPA believes the estimates of releases on a per site basis are reasonable
because the HBCD processing volume per site is based on industry data.

For the use of flux/solder pastes containing HBCD (Section 2.2.13), EPA assumed that 5% of 100,000

pounds of HBCD was used for this condition of use based on historical data that indicated 95% or more

of HBCD is used in building insulation. As described above, the use of 100,000 pounds is a source of
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uncertainty. In addition, there is uncertainty as to whether this historical proportion is still reflective of
the current usage of HBCD in United States. Using this total HBCD volume, EPA calculated the number
of sites and processing volume at each site using the 2010 OECD ESD on Chemicals Used in the
Electronics Industries (OECD, 2010a). The basis of these calculations is an assumed solder paste
throughput (and associated HBCD content) reported in the OECD ESD to distinguish small scale from
large scale sites that conduct soldering. In reality, the solder throughput and HBCD content likely vary
between sites and the use rate in the United States may differ from that reported in the OECD ESD. A
major electronics site may utilize more HBCD-containing flux/solder paste than the assumed solder
paste throughput, which could lead to an underestimation of releases at the site. The uncertainties in
these estimates may result in either underestimation or overestimation of releases on a total and per site
basis.

EPA did not estimate the number of sites for the installation of automotive replacement parts (Section
2.2.8) or demolition and disposal of XPS/EPS foam insulation (Section 2.2.10). EPA used 2017 TRI
data to estimate the number of sites and associated releases for the formulation of HBCD into solder/flux
pastes (Section 2.2.11), rather than estimating these values.

Emission Factors

This report uses existing release data from 2017 TRI data, the EURAR, or modeling approaches from
relevant ESDs or GSs to estimate emission factors during each conditions of use. For certain conditions
of use (Section 2.2.3 through Section 2.2.5), discrete HBCD release quantities provided in the EURAR
were used; however, the EURAR did not provide HBCD throughput (i.e., HBCD processing volumes)
for the specific sites from which emission factors could be calculated. The EURAR only provided
combined HBCD processing volumes for all the sites for which release data were available. EPA
calculated emission factors from EURAR data by dividing the total annual HBCD release quantities for
all sites by the total HBCD processing volume for all sites. There is uncertainty from using the total
HBCD release quantities and total HBCD throughput to calculate emission factors, as this does not
account for variability in the actual HBCD throughput at the site (higher or lower), which would result
in different emission factors for each site.

In some instances, EPA used the reported emission factors in the EURAR. Although EPA expects that
activities described in risk assessments performed by the EURAR are similar to those performed in the
United States, EPA could not verify these values, so this is a source of uncertainty.

As discussed in the Analysis of Exposure Monitoring Data section, uncertainty also arises from the
geographic origin of the release data. The data reported in the EURAR pertains to HBCD releases at
sites in Europe and the extent to which this data is applicable to HBCD releases in the U.S. is uncertain.
Also discussed in the Analysis of Exposure Monitoring Data section, there is uncertainty about the
extent to which the release data in the EURAR is applicable to the evaluated conditions of use in this
risk evaluation. Despite potential differences in practices of the European sites from which data was
collected in the EURAR and sites in the United States, these data still have an overall confidence rating
of High from the systematic review process.

In cases where there was no release data in the EURAR for the condition of use in this risk assessment,
EPA used modeling approaches from relevant ESDs or GSs, specifically the 2009 OECD ESD on
Plastic Additives, and the 2010 OECD ESD on Chemicals Used in the Electronics Industry. While these
ESDs or GSs are applicable to the industries of the conditions of use, they are not necessarily specific to
the use of HBCD within these industries. In some cases, OECD ESDs or GSs use modeling approaches
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listed in EPA ChemSTEER User Guide (U.S. EPA, 2013a). Although there is no statistical
characterization of the emission factors that these models, EPA believes the emission factors are in the
upper end of the distribution based on EPA’s experience. For dust releases in Sections 2.2.2, 2.2.6, and
2.2.11, EPA used emission factors from the 2009 OECD ESD on Plastic Additives, which provides two
discrete emission factors, one for particulates <40 pm and one for particles >40 um. EPA expects a
distribution of particle sizes and associated emission factors but does not have these data. The use of the
two discrete emission factors from the ESD is a source of uncertainty.

Release Days

EPA estimated the number of release days using industry data from the EURAR, information from
ESDs or GSs, and from the European Communities Technical Guidance Document (ECB, 2003). Where
available, EPA used the number of release days reported in the EURAR for sites with specific release
data. The EURAR did not report site-specific HBCD processing volume from which EPA could scale
these release days to account for differences in HBCD throughput at the sites in the EURAR and that
assessed by EPA in this report. There is uncertainty in the extent to which the HBCD throughput and
HBCD processing activities and frequency is similar to that assessed by EPA. EPA also estimated
release days using GSs and ESDs. There is uncertainty whether the GSs and ESDs are reflective of the
sites and operations that are included in this risk evaluation. As stated earlier, while ESDs or GSs are
applicable to the industries of the conditions of use, they are not necessarily specific to the use of HBCD
within these industries. EPA evaluated potential environmental releases using a range of release days in
an effort to address the uncertainty and variability in release days.

Additionally, EPA estimated release days from the European Communities Technical Guidance
Document (ECB, 2003). There is uncertainty in the applicability of this methodology for HBCD use in
the United States. However, EPA evaluated potential environmental releases using a range of release
days in an effort to address the large variability in release days.

2.3 Environmental Exposures

2.3.1 Approach and Methodology

HBCD is highly persistent and bioaccumulative and these properties influence its potential for exposure
over time. HBCD has been detected in a wide variety of environmental and biological media. Current
and recent localized releases to the environment from industrial facilities, releases from indoor sources
(building materials and dust), and long-range transport all contribute to levels of HBCD in the outdoor
and indoor environment. However, source attribution and temporal trends from these disparate sources
is complex as discussed in Section 2.3.7. EPA used the full range of release estimates based on a
100,000 pounds production volume assumption from Section 2.2 of this draft risk evaluation to
characterize potential environmental concentrations near facilities. EPA also incorporated variability in
other (non-release) inputs used for exposure modeling to further describe the range of potential
exposures.

Models used in this assessment include: the Exposure Fate Assessment and Screening Tool (E-FAST),
the Variable Volume Water Model Point Source Calculator (VVWM-PSC), and the Integrated Indoor-
Outdoor Air Calculator (IIOAC). E-FAST is a peer-reviewed model for estimating total chemical
surface water concentrations based on their environmental releases from facilities that manufacture,
process, and/or dispose them. As E-FAST does not consider chemical partitioning into various media
due to a physico-chemical properties (Kow, Koc), it tends to over-estimate total surface water
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concentrations and under estimate the chemical concentration that is sorbed to soil. As HBCD’s
physico-chemical properties lends it to potentially partitioning into various media (Section 2.1), a tiered
modeling approach was conducted for estimating HBCD surface water concentrations using E-FAST in
conjunction with the VVWM-PSC model. Thus scenarios with E-FAST-derived exposures that were
greater than the most conservative environmental- or human health- relevant PoD, were triaged for
further modeling using the VVWM-PSC model. Table 2-48 summarizes the overall approaches used in
assessing environmental exposures due to HBCD.

EPA screened, evaluated, and extracted specified monitoring data for surface water, sediment, soil, and
targeted wildlife biota. All studies with available monitoring data and passing evaluation scores were
considered for determining overall trends. Monitoring data with relevant contextualizing information,
indicating the monitored location was near a point source, was considered when selecting central
tendency and high-end near-facility concentrations. All remaining monitoring data was compiled and
evaluated, and these concentrations were considered to be further away from point sources and more
applicable to the overall environment.

Some studies were particularly discussed based on having a large sample size, recent publication date,
being conducted in the U.S. (or similar countries), and having additional discussion or interpretation of
their results such as noting trends, potential sources, exposure pathways, and/or variability within or
across sampling locations.

EPA considered available biomonitoring data in wildlife and dietary patterns across trophic levels as
part of its exposure assessment. EPA also conducted modeling to estimate concentrations of HBCD in
surface water and sediment. These approaches were considered together to determine central tendency
and high-end HBCD concentrations in surface water, sediment, soil, and targeted wildlife biota. Finally,
EPA also estimated modification of soils through addition of biosolids and estimated air deposition from
point sources and notes that this could contribute to elevated levels of HBCD in soils and ponds near
industrial sources. This is discussed semi-quantitatively in Section 2.3.3.

EPA characterized exposure estimates by proximity to industrial facilities. Modeled estimates are
specific to different kinds of facilities for specific conditions of use, while monitoring data was more
generally classified as being closer to or further away from facilities. There are several exposure
assessments completed by other government organizations in the open literature. These exposure
assessments were also considered alongside monitored and modeled values.
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Table 2-48. Overview of Approaches Used in HBCD Environmental Exposure Assessment

SUMMARY OF APPROACHES USED

Interpretation,
TYPE OF EXPOSURE ESTIMATE Direct Use of Scah-ng qf Reported E-FAST VVWM- LIOAC
Reported Monitoring Data or Modelin PSC Modelin
Monitoring Data Completed g Modeling g
Assessments
Surface water (river) near industrial
facilities emitting HBCD under Yes Yes Yes
conditions of use
Sediment (river) near industrial
facilities emitting HBCD under Yes Yes
conditions of use
Surface water and Sediment (lakes) Yes
near industrial facilities emitting Yes Yes
HBCD under conditions of use
. . . el . Yes

Soil near industrial facilities with

o Yes Yes
amended sludge or deposition
Surface water away from industrial Yes
sources
Sediment away from industrial Yes
sources
Soil away from industrial sources Yes
Exposures to wildlife (variable Yes Yes

proximity)

E-FAST = Exposure — Fate Assessment Screening Tool (U.S. EPA, 2014c)
VVWM-PSC = Variable Volume Water Model- Point Source Calculator (U.S. EPA, 2019p)
ITIOAC = Integrated Indoor-Outdoor Air Calculator (U.S. EPA. 2019q)

EPA used scenarios described in Section 2.2 for both environmental and human exposure assessment.
Each scenario was evaluated for various types of environmental releases. Scenarios identified as having
the potential for one or more release types (i.e., surface water, on-site WWT, or POTW) were treated as
sub-scenarios when combined with the upper and lower limits of the number of release days and total
daily releases. Table 2-49 summarizes the scenarios and sub-scenarios that are relevant for water
modeling that were used in the E-Fast and VVWM-PSC models. Surface water modeling was used to
estimate surface water concentrations, sediment concentrations, and fish-tissue concentration for human
consumption. Water modeling and fish-tissue concentrations are further described in Sections 2.3.2 and
2.4.2.3.

Table 2-49. Summary of Scenarios Used Across Conditions of Use for Water Releases of HBCD

Type of Number Dail

Scenario Condition of Water WWTP | Emission | Characterization of of Release Relea};e
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* g y

Repackaging of . Dust emissions factor
1.1 import On-site 90 Lower for coarse particles Lower 29 1.6E+00
. WWT Value Value
containers (>40 um)
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Type of Number Dail
Scenario Condition of Water WWTP | Emission | Characterization of of Release Relea}SIe
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* & v
[Plastic
Resins]
R Kagi ¢ On-site Dust emissions fact
epackaging o WWT Lower ust emissions factor Higher
1.2 import . 90 for coarse particles 300 1.5E-01
. [Plastic Value Value
containers . (>40 um)
Resins]
. On-site .
Repackaging of . Dust emissions factor
1.3 import WWT 90 Higher for fine particles (<40 Lower 29 7.8E+00
. [Plastic Value Value
containers . pm)
Resins]
. On-site .
Repackaging of . Dust emissions factor .
14 import WWT 90 Higher for fine particles (<40 Higher 300 7.6E-01
. [Plastic Value Value
containers . pm)
Resins]
Repackaging of POTW Lower Dust emissions factor Lower
1.5 import [Ind 90 Value for coarse particles Value 29 1.6E+00
containers POTW] (>40 pm)
Repackaging of POTW Lower Dust emissions factor Higher
1.6 import [Ind 90 Value for coarse particles Vaglue 300 1.5E-01
containers POTW] (>40 pm)
Repackaging of POTW Higher Dust emissions factor Lower
1.7 import [Ind 90 Vaglue for fine particles (<40 | .+~ 29 7.8E+00
containers POTW] pm)
Repackaging of POTW . Dust emissions factor .
1.8 import [Ind 90 I;I;agl?lzr for fine particles (<40 I:I/lagll?;r 300 7.6E-01
containers POTW] um)
Compounding of Average calculated
Polystyrene Surface Lower emission factor from Lower
21 Resin ;gPPSroduce Water 0 Value EURAR data Value 10 1.5E-01
Masterbatch
Compounding of Average calculated
Polystyrene Surface Lower emission factor from Higher
22 Resin ;(()PPSroduce Water 0 Value EURAR data Value 60 2.4E-02
Masterbatch
Compounding of
Polystyrene . v ¢
2.3 Resin to Produce Surface 0 Higher EU,RAR S worst- Lower 10 3.4E-01
XPS Water Value case’ emission factor Value
Masterbatch
Compounding of
Polystyrene . . :
2.4 Resin to Produce Surface 0 Higher EU,RAR S worst- Higher 60 5.6E-02
XPS Water Value case’ emission factor Value
Masterbatch
Colr)r(l) Ii;);ltr;j;lli of On-site Average calculated
. WWT Lower emission factor from Lower
2:5 Resin ;(()PPSroduce [Plastic 20 Value EURAR data Value 10 1.5E-01
Masterbatch Resins]
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Type of Number Dail
Scenario Condition of Water WWTP | Emission | Characterization of of Release Relea}SIe
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* g y
Colr)r(l) Ii;);ltr;j;lli of On-site Average calculated
. WWT Lower emission factor from Higher
2.6 | Resin ;gPPSmduce [Plastic %0 Value EURAR data valie | 2.4E-02
Masterbatch Resins]
Cayyrens | Onsit
27 | Resinto Produce | W1 oo | Higher | EURAR's ‘worst- | Lower |, 3.4E-01
XPS [Plastic Value case’ emission factor Value
Masterbatch Resins]
oot | oni
28 | Resin to Produce | W1 oo | Higher | EURAR’s ‘worst- | Higher | 5.6E-02
XPS [Plastic Value case’ emission factor Value
Masterbatch Resins]
Compounding of Average calculated
Polystyrene POTW Lower emission factor from Lower
2.9 Resin to Produce [Ind 90 Value EURAR data Value 10 1.5E-01
XPS POTW]
Masterbatch
Compounding of Average calculated
Polystyrene POTW Lower emission factor from Higher
2.0 | Resin to Produce [Ind 90 Vil EURAR data Vagl : 60 2.4E-02
XPS POTW] 4 4
Masterbatch
Compounding of
Polystyrene POTW . ,
211 | Resinto Produce |  [Ind 90 If;aglll‘;r Cigltfn}fsslo‘g‘;;itm %/Z\Kg 10 3.4E-01
XPS POTW]
Masterbatch
Compounding of
Polystyrene POTW . ) .
212 | Resin to Produce | [Ind 90 If;agll:lf cigliﬁsssiog‘;ﬂ;r If;aglll‘fer 60 5.6E-02
XPS POTW]
Masterbatch
3. . Average calculated
Manufacturing Surface Lower emission factor from Lower
sl of XPS Foam Water 0 Value EURAR data Value ! 4.9E-01
using XPS
Masterbatch
3. . Average calculated
Manufacturing Surface Lower emission factor from Higher
= of XPS Foam Water 0 Value EURAR data Value 15 3.2E-02
using XPS
Masterbatch
3.
Manufacturing . e
33 of XPS Foam Surface 0 Higher EU’RAR s worst- Lower 1 1.2E+00
. Water Value case’ emission factor Value
using XPS
Masterbatch

Page 137 of 570




PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Type of Number Dail
Scenario Condition of Water WWTP | Emission | Characterization of of Release Relea}SIe
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* & y
3.
Manufacturing . . .
3.4 of XPS Foam Surface 0 Higher EU’RAR s worst- Higher 15 8 0E-02
. Water Value case’ emission factor Value
using XPS
Masterbatch
3. . On-site Average calculated
Manufacturing ..
35 of XPS Foam WWT 90 Lower emission factor from Lower 1 49E-01
: . [Plastic Value EURAR data Value )
using XPS Resins]
Masterbatch
3. . On-site Average calculated
Manufacturing . .
3.6 of XPS Foam WWT 90 Lower emission factor from Higher 15 3.2E-02
: . [Plastic Value EURAR data Value ’
using XPS Resins]
Masterbatch °s
Manufi.cturing Onssite
3.7 of XPS Foam | WT oo | Higher | EURAR’s ‘worst- | Lower | 1.2E+00
. [Plastic Value case’ emission factor Value
using XPS Resins]
Masterbatch
Manufi'cturing On-site
3.8 of XPS Foam | WWT oo | Higher | EURAR's ‘worst- | Higher | g 8.0E-02
. [Plastic Value case’ emission factor Value
using XPS Resins]
Masterbatch °s
3.
Mansurng | pOTy o | e oed |
3.9 of XPS Foam [Ind 90 v(;mee ¢ SESUORAl; é’ata © V"alfe 1 4.9E-01
using XPS POTW]
Masterbatch
3.
Manufacturing POTW Lower elr\n\i]:?f; fcai:ltcolil?;(e)(rin Higher
3.10 of XPS Foam [Ind 90 VLo FURAR data Vaglue 15 3.2E-02
using XPS POTW]
Masterbatch
3.
Manufacturing POTW . e
311 of XPS Foam [Ind 90 If;aglll‘;r Ciglzfni:iofl"‘;;i;r b‘;vl‘l’f; 1 1.2E+00
using XPS POTW]
Masterbatch
Manufacturing POTW . . .
of XPS Foam Higher EURAR’s ‘worst- Higher
3.12 . [Ind 90 R 15 8.0E-02
using XPS POTW] Value case’ emission factor Value
Masterbatch
Manufacturing
of XPS Foam Surface Ayergge caloulated Lower
4.1 usine HBCD Water 0 - emission factor from Value 1 4.6E-01
& EURAR data
Powder
Manufacturing
of XPS Foam Surface AYergge calculated Higher
4.2 usine HBCD Water 0 - emission factor from Value 12 3.9E-02
& EURAR data
Powder

Page 138 of 570




PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

Type of Number Dail
Scenario Condition of Water WWTP | Emission | Characterization of of Release Relea}SIe
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* & y
Manufacturing On-site
of XPS Foam WWT Average calculated |y o
4.3 . . 90 - emission factor from 1 4.6E-01
using HBCD [Plastic Value
. EURAR data
Powder Resins]
Manufacturing On-site
Average calculated .
4.4 Of.XPS Foam WWT 90 - emission factor from Higher 12 3.9E-02
using HBCD [Plastic Value
. EURAR data
Powder Resins]
Manufacturing POTW Average calculated
of XPS Foam .. Lower
4.5 ine HBCD [Ind 90 - emission factor from Val 1 4.6E-01
using POTW] EURAR data ue
Powder
Manufacturing POTW Average calculated .
of XPS Foam .. Higher
4.6 ine HBCD [Ind 90 - emission factor from Val 12 3.9E-02
using POTW] EURAR data ue
Powder
Dust emissions during
converting process
Manufacturing emission factor
of EPS Foam Surface Lower (lower) and Lower
>1 from Imported Water 0 Value EPA/OPPT Solid Value 16 3.1E+01
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing On-site emission factor
of EPS Foam WWT Lower (lower) and Lower
>-2 from Imported [Plastic 20 Value EPA/OPPT Solid Value 16 3-1E+01
EPS Resin beads Resins] Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing emission factor
POTW
53 of EPS Foam [Ind 90 Lower (lower) and Lower 16 31E+01
) from Imported POTW] Value EPA/OPPT Solid Value ’
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing emission factor
of EPS Foam Surface Lower (lower) and Higher
>4 from Imported Water 0 Value EPA/OPPT Solid Value 140 3.6E+00
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Manufacturing On-site Dzzili?rlt?zgﬁioif;:g
5.5 of EPS Foam ) =~ WWT oo | Lower emission factor Higher |40 | 3 6E+00
from Imported [Plastic Value (lower) and Value
EPS Resin beads Resins]

EPA/OPPT Solid
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Type of Number Daily
Scenario Condition of Water WWTP | Emission | Characterization of of Release Release
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* & v
Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing POTW emission factor
of EPS Foam Lower (lower) and Higher
KO from Imported p g"?g\/] %0 Value EPA/OPPT Solid Value 140 3.6E+00
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing emission factor
of EPS Foam Surface Higher (higher) and Lower
>7 from Imported Water 0 Value EPA/OPPT Solid Value 16 4.2E+01
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing On-site emission factor
of EPS Foam WWT Higher (higher) and Lower
S8 from Imported [Plastic 20 Value EPA/OPPT Solid Value 16 4.2E+01
EPS Resin beads Resins] Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing POTW emission factor
5.9 of EPS Foam [Ind 90 Higher (higher) and Lower 16 49E40]
) from Imported POTW] Value EPA/OPPT Solid Value ‘
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing emission factor
of EPS Foam Surface Higher (higher) and Higher
510 from Imported Water 0 Value EPA/OPPT Solid Value 140 4.9E+00
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Dust emissions during
converting process
Manufacturing On-site emission factor
of EPS Foam WWT Higher (higher) and Higher
HI from Imported [Plastic 20 Value EPA/OPPT Solid Value 140 4.9E+00
EPS Resin beads Resins] Residuals in Transport
Containers Model
emission factor
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Type of Number Dail
Scenario Condition of Water WWTP | Emission | Characterization of of Release Relea}SIe
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* & y
Dust emissions during
converting process
Manufacturing POTW emission factor
of EPS Foam Higher (higher) and Higher
22 from Imported P g’?%\/] %0 Value EPA/OPPT Solid Value 140 4.9E+00
EPS Resin beads Residuals in Transport
Containers Model
emission factor
Manufacturing
of SIPs and :
6.1 Automotive Surface 0 Lower Dust r.elease during Lower 16 1 4E-01
Water Value cutting of foam Value
Replacement
Parts
Vi | onsie
6.2 Automofive WWT 90 Lower Dust r.elease during Lower 16 1 4E-01
[Plastic Value cutting of foam Value
Replacement Resins]
Parts
Manufacturing
of SIPs and POTW .
6.3 Automotive [Ind 90 %,‘;Vl‘l’fg D‘clfltttrifezsfe fi‘;;‘lng %/‘;Vl‘l’f; 16 1.4E-01
Replacement POTW] &
Parts
Manufacturing
of SIPs and . .
6.4 Automotive Surface 0 Lower Dust r‘elease during Higher 300 7 6E-03
Water Value cutting of foam Value
Replacement
Parts
Ve | ona
6.5 Automofive WWT 90 Lower Dust r.elease during Higher 300 7 6B-03
[Plastic Value cutting of foam Value
Replacement Resins]
Parts
Manufacturing
of SIPs and POTW . .
6.6 Automotive [Ind 90 %,‘;Vl‘l’fg D‘clfltttrifezsfe fi‘;;‘lng If;aglll‘fer 300 7.6E-03
Replacement POTW] £
Parts
Manufacturing
of SIPs and . .
6.7 Automotive Surface 0 Higher Dust r.elease during Lower 16 6.4E-01
Water Value sawing of foam Value
Replacement
Parts
Vs | onaie
6.8 Automofive WWT 90 Higher Dust r'elease during Lower 16 6.4E-01
[Plastic Value sawing of foam Value
Replacement Resins]
Parts
Manufacturing
of SIPs and POTW . .
6.9 Automotive [Ind 90 If;aglll‘;r D‘;Zivrlieajf f‘é‘;&ng %/‘;Vl‘l’f; 16 6.4E-01
Replacement POTW] &
Parts
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Type of Number Daily
Scenario Condition of Water WWTP | Emission | Characterization of of Release Release
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days* & y
Manufacturing
6.1 Zits(}rfl)ls()ilir\lf(i Surface 0 Higher Dust r'elease during Higher 300 3 4E-02
Water Value sawing of foam Value
Replacement
Parts
Manufacturin .
of SIPs and ¢ On-site . . .
6.11 Automotive WWT 90 Higher | Dust release during | Higher | 5, 3.4E-02
[Plastic Value sawing of foam Value
Replacement Resins]
Parts
Manufacturing
of SIPs and POTW . . .
6.12 Automotive [Ind 90 If;glher Dust r.eleast‘? fdu“ng P\I;glher 300 3.4E-02
Replacement POTW] alue sawing of foam alue
Parts
8.1 Iﬁfstillz?(;);lizf surface 0 Lower Dust r.elease during Lower 1 8 5E-05
ol water Value cutting of foam Value
Buildings
Installation of POTW .
8.2 Insulation in [Ind 90 %/?1?; D‘;Sltttri‘;leffe ff)‘;&ng %/(;\ff; 1 8.5E-05
Buildings POTW] &
8.3 I?nsstillﬁtifélizf surface 0 Higher Dust r'elease during Higher 3 1.0E-02
Buildines water Value sawing of foam Value
g
Installation of POTW . . .
8.4 Insulation in [Ind oo | fgher | Dustrclease during | Ihigher | 1.0E-02
Buildings POTW] alue sawing of foam alue
Dust emissions during
recycling process
emission factor
Recycling of surface Lower (lower) and Lower
et EPS Foam water 0 Value EPA/OPPT Solid Value ! 6.7E-01
Residuals in Transport
Containers Model
emission factor
Dust emissions during
recycling process
On-site emission factor
Recycling of WWT Lower (lower) and Lower
L EPS Foam [Plastic 20 Value EPA/OPPT Solid Value ! 6.7E-01
Resins] Residuals in Transport
Containers Model
emission factor
Dust emissions during
recycling process
emission factor
103 Recycling of PEI;V 90 Lower (lower) and Lower 1 6.7E-01
) EPS Foam Value EPA/OPPT Solid Value ’
POTW] . .
Residuals in Transport
Containers Model
emission factor
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Scenario
Label

Condition of
Use

Type of
Water
Release?®
[SIC]

WWTP
%

Emission
Factor®

Characterization of
Emission Factor

Number
of
Release
Days®

Release
Days

Daily
Release
(kg/site/day)

10.4

Recycling of
EPS Foam

surface
water

Lower
Value

Dust emissions during
recycling process
emission factor
(lower) and
EPA/OPPT Solid
Residuals in Transport
Containers Model
emission factor

Higher
Value

140

4.8E-03

10.5

Recycling of
EPS Foam

On-site
WWT
[Plastic
Resins]

90

Lower
Value

Dust emissions during
recycling process
emission factor
(lower) and
EPA/OPPT Solid
Residuals in Transport
Containers Model
emission factor

Higher
Value

140

4.8E-03

10.6

Recycling of
EPS Foam

POTW
[Ind
POTW]

90

Lower
Value

Dust emissions during
recycling process
emission factor
(lower) and
EPA/OPPT Solid
Residuals in Transport
Containers Model
emission factor

Higher
Value

140

4.8E-03

10.7

Recycling of
EPS Foam

surface
water

Higher
Value

Dust emissions during
recycling process
emission factor
(higher) and
EPA/OPPT Solid
Residuals in Transport
Containers Model
emission factor

Lower
Value

7.9E-01

10.8

Recycling of
EPS Foam

On-site
WWT
[Plastic
Resins]

90

Higher
Value

Dust emissions during
recycling process
emission factor
(higher) and
EPA/OPPT Solid
Residuals in Transport
Containers Model
emission factor

Lower
Value

7.9E-01

10.9

Recycling of
EPS Foam

POTW
[Ind
POTW]

90

Higher
Value

Dust emissions during
recycling process
emission factor
(higher) and
EPA/OPPT Solid
Residuals in Transport
Containers Model
emission factor

Lower
Value

7.9E-01

10.1

Recycling of
EPS Foam

surface
water

Higher
Value

Dust emissions during
recycling process
emission factor
(higher) and
EPA/OPPT Solid
Residuals in Transport

Higher
Value

140

5.7E-03
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Type of Number Dail
Scenario Condition of Water WWTP | Emission | Characterization of of Release Relea}SIe
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days*® £ y
Containers Model
emission factor
Dust emissions during
recycling process
On-site emission factor
Recycling of WWT Higher (higher) and Higher
AL EPS Foam [Plastic 20 Value EPA/OPPT Solid Value 140 3. 7E-03
Resins] Residuals in Transport
Containers Model
emission factor
Dust emissions during
recycling process
emission factor
. POTW . . .
Recycling of Higher (higher) and Higher
LER2 EPS Foam [Ind 20 Value EPA/OPPT Solid Value 140 >.7E-03
POTW] . .
Residuals in Transport
Containers Model
emission factor
On-site Equipment cleaning
WWT Lower emission factor Lower
izl Use of Solder [Plastic 20 Value (lower) (OECD Value 4 2.5E-02
Resins] 2010a)
POTW Lower Eq:rizzl?grtl Cffciging Lower
12.2 Use of Solder Pg"}lgv : 90 Value (lower) (OECD Value 4 2.5E-02
2010a)
On-site Equipment cleaning
WWT Lower emission factor Higher
12.3 Use of Solder [Plastic 90 Value (lower) (OECD Value 300 3.3E-04
Resins] 2010a)
POTW Lower quurllfirsr;?(r)lrtl (;fciging Higher
12.4 Use of Solder [Ind 90 & 300 3.3E-04
POTW] Value (lower) (OECD Value
2010a)
On-site Equipment cleaning
WWT Higher emission factor Lower
12.5 Useof Solder | 1py, ctic %0 Value (higher) (OECD Value 4 >-0E-02
Resins] 2010a)
POTW Higher Eq:rizzl?grtl Cffciging Lower
12.6 Use of Solder [Ind 90 Value (higher) (OECD Value 4 5.0E-02
POTW]
2010a)
On-site Equipment cleaning
WWT Higher emission factor Higher
12.7 Use of Solder [Plastic 90 Value (higher) (OECD Value 300 6.7E-04
Resins] 2010a)
POTW Higher | emission fator - | Higher
12.8 Use of Solder [Ind 90 & . & 300 6.7E-04
Value (higher) (OECD Value
POTW] 2010a)

Note: “For each release source, water releases were modeled depending on the potential for the release to go directly to surface
water, to an on-site wastewater treatment or publicly owned treatment works. ® Where identified in literature, EPA utilized a range
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Type of Number Daily
Scenario Condition of Water WWTP | Emission | Characterization of of Release Release
Label Use Release® % Factor® Emission Factor Release Days (kg/site/day)
[SIC] Days¢ & J

of emission factors with the characterization of those emission factor described in further details in Section 2.2. “Where identified
in literature, EPA utilized a range of release days based on the specific condition of use as discussed further in Section 2.2.

Table 2-50 summarizes indoor and outdoor air modeling scenarios and sub-scenarios derived from

Section 2.2 that were used in the [IOAC model. A sub-scenario was created based on combinations of
fugitive, stack, or incineration releases with upper and lower values for release days and daily releases.
Air modeling is further described in Section 2.4.2. to estimate surface water concentration.

Table 2-50. Summary of Scenarios Across Conditions of Use for Modeled HBCD Air

Concentrations

Scenario | Conditions of |Type of Air 51?2;2;;:;;1;22 Emission Release | Number of | Daily Release Type of Air

Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
Dust release Dust release

during during
Import/Repacka unloading of unloading of

1.1 ging Fugitive HBCD lower value |lower value 29 1.6E+00 HBCD
Dust release Dust release

during during
Import/Repacka unloading of higher unloading of

1.2 ging Fugitive HBCD lower value value 300 1.5E-01 HBCD
Dust release Dust release

during during
Import/Repacka unloading of unloading of

1.3 ging Fugitive HBCD upper value |lower value 29 7.8E+00 HBCD
Dust release Dust release

during during
Import/Repacka unloading of higher unloading of

14 ging Fugitive HBCD upper value value 300 7.6E-01 HBCD
Dust release Dust release

during during
Import/Repacka unloading of unloading of

1.5 ging Stack HBCD lower value |lower value 29 1.6E+00 HBCD
Dust release Dust release

during during
Import/Repacka unloading of higher unloading of

1.6 ging Stack HBCD lower value value 300 1.5E-01 HBCD
Dust release Dust release

during during
Import/Repacka unloading of unloading of

1.7 ging Stack HBCD upper value |lower value 29 7.8E+00 HBCD
Dust release Dust release

during during
Import/Repacka unloading of higher unloading of

1.8 ging Stack HBCD upper value value 300 7.6E-01 HBCD
Dust release Dust release

during during
Import/Repacka unloading of unloading of

1.9 ging Incineration HBCD lower value |lower value 29 1.6E+00 HBCD
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Scenario | Conditions of |Type of Air E;z;?;fgsziﬁ Emission Release | Number of | Daily Release Type of Air
Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
Dust release Dust release
during during
Import/Repacka unloading of higher unloading of
1.10 ging Incineration HBCD lower value value 300 1.5E-01 HBCD
Dust release Dust release
during during
Import/Repacka unloading of unloading of
1.11 ging Incineration HBCD upper value |lower value 29 7.8E+00 HBCD
Dust release Dust release
during during
Import/Repacka unloading of higher unloading of
1.12 ging Incineration HBCD upper value value 300 7.6E-01 HBCD
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR from EURAR
2.1 Masterbatch fugitive data lower value |lower value 10 2.8E-02 data
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR higher from EURAR
2.2 Masterbatch fugitive data lower value value 60 4.6E-03 data
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR from EURAR
2.3 Masterbatch fugitive data upper value |lower value 10 3.3E-02 data
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR higher from EURAR
2.4 Masterbatch fugitive data upper value value 60 5.5E-03 data
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR from EURAR
2.5 Masterbatch stack data lower value [lower value 10 2.8E-02 data
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR higher from EURAR
2.6 Masterbatch stack data lower value value 60 4.6E-03 data
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR from EURAR
2.7 Masterbatch stack data upper value |lower value 10 3.3E-02 data
Compounding Average Average
of Polystyrene calculated calculated
Resin to emission factor emission factor
Produce XPS from EURAR higher from EURAR
2.8 Masterbatch stack data upper value value 60 5.5E-03 data
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Scenario | Conditions of |Type of Air E;z;?;fgsziﬁ Emission Release | Number of | Daily Release Type of Air
Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using XPS from EURAR from EURAR
3.1 Masterbatch fugitive data central value |[lower value 1 2.6E+00 data
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using XPS from EURAR higher from EURAR
3.2 Masterbatch fugitive data central value| value 16 1.6E-01 data
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using XPS from EURAR from EURAR
33 Masterbatch stack data central value |lower value 1 2.6E+00 data
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using XPS from EURAR higher from EURAR
3.4 Masterbatch stack data central value | value 16 1.6E-01 data
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using HBCD from EURAR from EURAR
4.1 Powder fugitive data central value |lower value 1 3.3E-01 data
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using HBCD from EURAR higher from EURAR
4.2 Powder fugitive data central value | value 16 2.1E-02 data
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using HBCD from EURAR from EURAR
4.3 Powder stack data central value |lower value 1 3.3E-01 data
Average Average
Manufacturing calculated calculated
of XPS Foam emission factor emission factor
using HBCD from EURAR higher from EURAR
4.4 Powder stack data central value | value 16 2.1E-02 data
Manufacturing
of XPS Foam
using HBCD empirical
4.5 Powder stack TRI data value lower value 1 1.8E+00 TRI data
Manufacturing
of XPS Foam
using HBCD empirical higher
4.6 Powder stack TRI data value value 16 1.1E-01 TRI data
Manufacturing
of XPS Foam
using HBCD empirical
4.7 Powder incineration TRI data value lower value 1 3.1E+01 TRI data
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Scenario | Conditions of |Type of Air E;z;?;fgsziﬁ Emission Release | Number of | Daily Release Type of Air
Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
Manufacturing
of XPS Foam
using HBCD empirical higher
4.8 Powder incineration TRI data value value 16 1.9E+00 TRI data
Manufacturing
of XPS Foam
using HBCD empirical
4.9 Powder stack TRI data value lower value 1 2.1E+01 TRI data
Manufacturing
of XPS Foam
using HBCD empirical higher
4.10 Powder stack TRI data value value 16 1.3E+00 TRI data
Manufacturing
of XPS Foam
using HBCD empirical
4.11 Powder incineration TRI data value lower value 1 2.3E+01 TRI data
Manufacturing
of XPS Foam
using HBCD empirical higher
4.12 Powder incineration TRI data value value 16 1.5E+00 TRI data
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting converting
5.1 beads stack process lower value |lower value 16 2.8E+00 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting higher converting
5.2 beads stack process lower value value 140 3.2E-01 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting converting
5.3 beads stack process upper value |lower value 16 1.4E+01 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting higher converting
5.4 beads stack process upper value value 140 1.6E+00 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting converting
5.5 beads fugitive process lower value |lower value 16 2.8E+00 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting higher converting
5.6 beads fugitive process lower value value 140 3.2E-01 process
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Scenario | Conditions of |Type of Air E;i?;f;fgsziﬁ Emission Release | Number of | Daily Release | Type of Air
Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting converting
5.7 beads fugitive process upper value |lower value 16 1.4E+01 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting higher converting
5.8 beads fugitive process upper value value 140 1.6E+00 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting converting
5.9 beads incineration process lower value [lower value 16 6.0E+01 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting higher converting
5.10 beads incineration process lower value value 140 6.8E+00 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting converting
5.11 beads incineration process upper value |lower value 16 1.1E+02 process
Manufacturing
of EPS Foam Dust release Dust release
from Imported during during
EPS Resin converting higher converting
5.12 beads incineration process upper value value 140 1.3E+01 process
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / during sawing /
6.1 Parts fugitive | cutting of foam | lower value |lower value 16 1.4E-01 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / higher during sawing /
6.2 Parts fugitive | cutting of foam | lower value value 300 7.6E-03 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / during sawing /
6.3 Parts fugitive | cutting of foam | upper value |lower value 16 6.4E-01 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / higher during sawing /
6.4 Parts fugitive | cutting of foam | upper value value 300 3.4E-02 cutting of foam
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Scenario | Conditions of |Type of Air E;z;?;fgsziﬁ Emission Release | Number of | Daily Release Type of Air
Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / during sawing /
6.5 Parts stack cutting of foam | lower value |lower value 16 1.4E-01 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / higher during sawing /
6.6 Parts stack cutting of foam | lower value value 300 7.6E-03 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / during sawing /
6.7 Parts stack cutting of foam | upper value |lower value 16 6.4E-01 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / higher during sawing /
6.8 Parts stack cutting of foam | upper value value 300 3.4E-02 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / during sawing /
6.9 Parts incineration | cutting of foam | lower value |lower value 16 2.8E+01 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / higher during sawing /
6.10 Parts incineration | cutting of foam | lower value value 300 1.5E+00 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / during sawing /
6.11 Parts incineration | cutting of foam | upper value |lower value 16 7.2E+01 cutting of foam
Manufacturing
of SIPs and
Automotive Dust release Dust release
Replacement during sawing / higher during sawing /
6.12 Parts incineration | cutting of foam | upper value value 300 3.8E+00 cutting of foam
Installation of Dust release Dust release
Insulation in during sawing / during sawing /
8.1 Buildings fugitive | cutting of foam | lower value |lower value 1 8.5E-05 cutting of foam
Installation of Dust release Dust release
Insulation in during sawing / higher during sawing /
8.2 Buildings fugitive | cutting of foam | upper value value 3 1.0E-02 cutting of foam
Installation of Dust release Dust release
Insulation in during sawing / during sawing /
8.3 Buildings  |incineration | cutting of foam | lower value |lower value 1 1.7E-02 cutting of foam
Installation of Dust release Dust release
Insulation in during sawing / higher during sawing /
8.4 Buildings | incineration | cutting of foam | upper value value 3 1.1E+00 cutting of foam
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Characterizati

Scenario | Conditions of | Type of Air on of Emission Emission Release | Number of | Daily Release | Type of Air
Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
Dust release Dust release
Recycling of from grinding from grinding
10.1 EPS Foam fugitive of foam lower value |lower value 1 3.2E-02 of foam
Dust release Dust release
Recycling of from grinding higher from grinding
10.2 EPS Foam fugitive of foam lower value value 140 2.3E-04 of foam
Dust release Dust release
Recycling of from grinding from grinding
10.3 EPS Foam fugitive of foam upper value |lower value 1 1.6E-01 of foam
Dust release Dust release
Recycling of from grinding higher from grinding
10.4 EPS Foam fugitive of foam upper value value 140 1.1E-03 of foam
Dust release Dust release
Recycling of from grinding from grinding
10.5 EPS Foam stack of foam lower value [lower value 1 3.2E-02 of foam
Dust release Dust release
Recycling of from grinding higher from grinding
10.6 EPS Foam stack of foam lower value value 140 2.3E-04 of foam
Dust release Dust release
Recycling of from grinding from grinding
10.7 EPS Foam stack of foam upper value |lower value 1 1.6E-01 of foam
Dust release Dust release
Recycling of from grinding higher from grinding
10.8 EPS Foam stack of foam upper value value 140 1.1E-03 of foam
Dust release Dust release
Recycling of from grinding from grinding
10.9 EPS Foam |incineration of foam lower value [lower value 1 6.7E-01 of foam
Dust release Dust release
Recycling of from grinding higher from grinding
10.10 EPS Foam | incineration of foam lower value value 140 4.8E-03 of foam
Dust release Dust release
Recycling of from grinding from grinding
10.11 EPS Foam |incineration of foam upper value |lower value 1 7.9E-01 of foam
Dust release Dust release
Recycling of from grinding higher from grinding
10.12 EPS Foam |incineration of foam upper value value 140 5.7E-03 of foam
Formulation of empirical
11.1 solder fugitive TRI data value lower value 5 9.1E-02 TRI data
Formulation of empirical higher
11.2 solder fugitive TRI data value value 300 1.5E-03 TRI data
Formulation of empirical
11.3 solder stack TRI data value lower value 5 1.3E+00 TRI data
Formulation of empirical higher
114 solder stack TRI data value value 300 2.1E-02 TRI data
Disposal of Disposal of
transport transport
containers and containers and
overapplied/unu overapplied/unu
sed solder- sed solder-
12.1 Use of Solder |incineration| incineration | higher value [lower value 4 2.2E-01 incineration
Disposal of higher Disposal of
12.2 Use of Solder |incineration transport higher value value 300 3.0E-03 transport
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Scenario | Conditions of |Type of Air 51?2;2;;:5;1;22 Emission Release | Number of | Daily Release Type of Air
Label Use Release Factor Factor Days |Release Days| (kg/site/day) Release
containers and containers and
overapplied/unu overapplied/unu
sed solder- sed solder-
incineration incineration
Disposal of Disposal of
transport transport
containers and containers and
overapplied/unu overapplied/unu
sed solder- sed solder-
12.3 Use of Solder |incineration| incineration | lower value [lower value 4 2.0E-01 incineration
Disposal of Disposal of
transport transport
containers and containers and
overapplied/unu overapplied/unu
sed solder- higher sed solder-
12.4 Use of Solder |incineration| incineration | lower value value 300 2.7E-03 incineration
Note: “For each release source, air releases were modeled depending on whether the releases were from fugitive, stack or incineration
lemissions. ® Where identified in literature, EPA utilized a range of emission factors with the characterization of those emission factor
described in further details in Section 2.2. *“Where identified in literature, EPA utilized a range of release days based on the specific
condition of use as discussed further in Section 2.2

2.3.2 Aquatic Environment - Surface Water and Sediment

EPA identified and extracted measured concentrations of HBCD in surface water in fourteen studies.
There were also three modeled estimates of HBCD in surface water from other government agencies.

For surface water concentrations near facilities, concentrations were generally higher, with values
greater than 0.1 pg/L. Reported surface water monitoring data are typically below 10 pg/L. For example,
reports from the UK, South Africa, and Japan and range from 1.52 to 2.1 pg/L (Chokwe et al., 2015; Oh
et al., 2014; EC, 2008). Despite the different sampling locations and years, there is a tight range of
maximum values reported across these three studies.

A risk assessment from Canada estimated HBCD concentrations ranging from 0.1 to 15 pg/L at

100 meters from a discharge pipe using a fugacity based surface water model (EC/HC, 2011). These
modeled estimates best approximate EPA’s modeled estimates in surface water, which are discussed
later in this section.

Values of surface water concentrations from areas far from facilities are generally low, with values less
than 0.1 pg/L. For example, (Venier et al., 2014) measured HBCD in surface water samples from the
Great Lakes with HBCD detected in 14 out of 24 samples. Overall concentrations ranged from 2.0E-7
ug/L to 4.4E-6 png/L, with an average across detected samples of 1.2E-6 pg/L. (Ichihara et al., 2014)
measured HBCD in surface water samples from 19 sampling locations in the Yodo River basin in Japan.
Multiple samples were collected per sampling location and the mean values were reported by sampling
location and by river. Across all 19 sampling locations, surface water concentrations ranged from 1.9E-4
ug/L to 1.4E-2 ng/L with an average concentration of 3.3E-3 pg/L. Average concentrations in the
Kanski River, Yodo River, and Yamato River were 9.1E-4, 7.6E-4, and 6.7E-3 pg/L. The authors also
reported flow rates and estimated pollutant loads. It is noteworthy, that the lowest flow river, the
Yamato River, had the highest HBCD concentration.
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EPA identified over fifty monitoring studies that contained information on HBCD in sediment. The
relatively large number of studies likely due to the high Koc of HBCD which drives partitioning to
sediment. Reported concentrations in sediment span orders of magnitude and range from <1 pg/kg dw to
<1,000 pg/kg dw, with the highest concentrations recorded near industrial areas or downstream of
facilities that are associated with the manufacture, processing, use of brominated flame retardants
(BFRs) or BFR containing materials. This overall trend suggests that some facilities or industries likely
serve as point sources for the release of HBCD to the environment.

Two studies by Guerra et al were identified as key studies to characterize near-facility sediment
concentrations. These studies noted the same trend with higher sediment concentrations located near
point sources, decreasing sediment concentrations downstream from point sources, and non-detects
upstream or further away from point sources. (Guerra et al., 2009) identified a sampling site near a point
source with HBCD concentrations in surficial sediment ranging from 514-2,430 pg/kg. Concentrations
of HBCD decreased to 90-866 pg/kg 27-30 km downstream. HBCD was not detected 60 km
downstream or at upstream locations. Similarly, (Guerra et al., 2010) identified a sampling site near a
point source with HBCD concentration of 1,873 ng/kg. Other downstream sites had HBCD
concentrations of 64.6 to 91 pg/kg.

For central tendency sediment concentrations, the (EC, 2008) assessment characterized sediment
concentrations both near point sources and away from point sources. Their meta-analysis across 16
studies reported a range from 0.05 to 511 pg/kg. Overall the data set is skewed with median HBCD
concentration of 1.5 pg/kg, lower than the mean HBCD concentration of 31 pg/kg. The 90™ percentile
HBCD concentration was estimated as 100 pg/kg .

For this assessment, when looking across all sediment studies, the overall results show that most data
falls within the range of 1 and 10,000 pg/kg with some data points in a small subset of studies falling
below and above this range. Charts and tables that provide additional details for sediment data are
presented in the Draft Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental
Information on General Population, Environmental, and Consumer Exposure Assessment. (U.S. EPA

2019d).

EPA also used the E-FAST and PSC models to estimate surface water and sediment concentrations. E-
FAST was used a first tier to identify where modeled surface water column concentrations did and did
not exceed aquatic hazard values. The PSC model was then used to identify 1-day and 21-day average
dissolved and suspended sediment water concentration as well as 28-day sediment concentrations
EPA’s Exposure and Fate Assessment Screening Tool (E-FAST) , Version 2.0, was developed to
support EPA assessments of potential environmental exposures. For exposure characterization, the E-
FAST model was used to estimate HBCD surface water concentrations based on estimated water
releases from facilities that manufacture or process HBCD. The exposure scenarios included in the E-
FAST model contain default parameter values that allow for exposure estimations considering dilution.

There are a variety of other surface water models that consider additional processes that occur such as
partitioning, volatilization, and degradation. Variable flow throughout a river and differences in river
characteristics, turbidity, channel characteristics, meteorology can also be considered. As these
additional processes are considered, complexity of modeling increases.

Water dilution models can be used to determine the concentration of a chemical in the surface water
after a source emits the chemical into a water body. The volume of a river varies over time with different
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flows expected seasonally and from year to year. Simple dilution models can take this into account but
do not account for partitioning between compartments within a surface water body or degradation over
time in different media.

E-FAST includes a Probabilistic Dilution Model (PDM) which predicts the number of days per year in
which a designated exposure, or effect level (i.e., concentration of concern) will be exceeded in ambient
waters as a result of chemical discharges (effluents) released from a facility. PDM analyses can be
performed on stream reaches with measured flow data or stream reaches that incorporate estimated
streamflow values. The PDM model provides chronic risk estimates that are derived from a simple mass
balance approach of chemical dilution/emulsion into stream water; however, the input parameters are
not single point estimates.

In reality, streams exhibit highly variable seasonal flow patterns. In addition, industrial processes
include various operating procedures that can change intermittently, thereby affecting effluent flow rates
and the total amount of chemical released to the environment over a given time interval. The PDM
incorporates probability distributions from Monte Carlo simulations as analysis inputs for calculating the
resulting probability distribution for the chemical concentration that may be seen in stream waters.
Ultimately it predicts the number of days per year in which the modeled stream concentrations are
expected to exceed the designated effect levels (i.e., COCs) identified for aquatic organisms based on
the total amounts of chemical released per day (U.S. EPA, 2007)

The limitations associated with use of the E-FAST model relate to the assumptions made regarding use
of sector-based flow information as a surrogate for site-specific flow information, as well as lack of
partitioning and degradation parameters that were employed in the PSC model.

Since the E-FAST model incorporates defaults that encompass either a combination of upper percentile
and mean exposure parametric values, or all upper percentile parametric values, the resulting model
predictions represent high-end exposures estimates. EPA acknowledges the conservative nature of this
approach, and used the Point Source Calculator, to further describe environmental exposures as
described later in this section. Table 2-51 provides flow values used as inputs for the E-FAST model.

Table 2-51. Flow Values Used for the E-FAST Model

Harmonic Mean
Flow Harmonic Mean
Million Liters per Flow MLD 7((5301£ Fﬁl’lﬁﬁ? 7Q10 Flow MLD
Day (MLD) (10™ percentile) P (10™ percentile)
(50™ percentile)
SIC Code- Plastic Resins 1.3E+03 4.5E+01 4.0E+02 8.0E+00
SIC Code- Industrial POTW 2.9E+02 4.0E+01 7.8E+01 7.8E+00
SIC Code- All POTW 1.3E+02 1.1E+01 2.7E+01 1.1E+00

The flow of rivers is highly variable and is dependent on many factors such as weather patterns and
effluent released from different facilities. Harmonic mean flow values represent long-term average flow
conditions and 7Q10 flow values represent the lowest expected weekly flow over a ten-year period.
Note, surface water and sediment concentrations based on 7Q10 flows were considered for ecological
exposure assessment. Surface water concentrations based on Harmonic Mean flows from 21-day
averages were considered for estimates of fish tissue concentrations. Note, 50 percentile values and
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10™ percentile flow values are available for the SIC codes noted in Table 2-51. In general, the 10"
percentile flow values are approximately at factor of ten lower than 50" percentile flows. The
probabilistic dilution model estimates the number of days that the time-varying surface water
concentration is above the concentration of concern as it varies around these 50™ and 10" percentile
values.

EPA uses the following equation to estimate surface water concentrations in E-FAST.

100
SF x CF2

T
SWC:RXCle(l )

Where:
SWC = surface water concentration in pug/L
R = release kg/site/day
CF1 = Conversion factor (10° ng/kg)
T= Percent removal, typically from wastewater treatment
SF = Flow of receiving river (million liters per day)
CF2 = Conversion factor (10° L/day/MLD)

EPA assumed that direct releases to water did not receive removal during wastewater treatment. This is
a conservative assumption that results in the total amount of HBCD released to wastewater treatment at
a direct discharging site being released to surface water. This assumption reflects the uncertainty of the
type of wastewater treatment that may be in use at a direct discharging facility and the HBCD removal

efficiency in that treatment.

EPA assumed that primary treatment occurs on-site with 90% removal during treatment; these were
assigned to the Plastic Resins SIC code. EPA assumed that on-site WWTP did receive 90% removal
during treatment. These were assigned to the Plastic Resins SIC code. EPA assumed that releases to
POTW received 90% removal during treatment. These were assigned to the Industrial POTW SIC code.
EPA assumed the POTW all SIC code for only the installation of insulation into building scenario. Note,
due to the range of release estimates and types reported in Section 2.2 there are multiple sub-scenarios
within each overall exposure scenario. E-FAST was used to estimate surface water concentrations for
estimated releases as shown in Table 2-49. It should be noted that these estimates are based on dilution
and incorporate HBCD in both the dissolved and particulate phase. However, low-flow stream inputs
combined with high-release estimates may yield overly conservative surface water concentrations. See
Table 2-52 for modeled surface water estimates.

Table 2-52. Estimated HBCD Surface Water (ug/L) Concentrations Using E-FAST

Harmonic Mean Harmonic Mean
Scenario Label SWC SWC | i bercontle | 10th porcentil

50th Percentile 10th Percentile

1.1 1.2E-01 3.5E+00 3.9E-01 1.9E+01

1.2 1.1E-02 3.4E-01 3.7E-02 1.9E+00

1.3 5.9E-01 1.8E+01 1.9E+00 9.8E+01

1.4 5.7E-02 1.7E+00 1.9E-01 9.4E+00

1.5 5.4E-01 3.9E+00 2.0E+00 2.0E+01

1.6 5.2E-02 3.8E-01 1.9E-01 1.9E+00
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Harmonic Mean

Harmonic Mean

. 7Q10 SWC 7Q10 SWC
ST (A1 50th ?’gfen tile 10th ?’ve‘l]fen tile 50th percentile 10th percentile
1.7 2.7E+00 2.0E+01 1.0E+01 1.0E+02
1.8 2.6E-01 1.9E+00 9.7E-01 9.7E+00
2.1 1.1E-01 3.4E+00 3.7E-01 1.9E+01
2.2 1.9E-02 5.5E-01 6.1E-02 3.0E+00
2.3 2.5E-01 7.6E+00 8.4E-01 4.2E+01
2.4 4.2E-02 1.3E+00 1.4E-01 7.0E+00
2.5 1.1E-02 3.4E-01 3.7E-02 1.9E+00
2.6 1.9E-03 5.5E-02 6.1E-03 3.0E-01
2.7 2.6E-02 7.6E-01 8.4E-02 4.2E+00
2.8 4.2E-03 1.3E-01 1.4E-02 7.0E-01
2.9 5.2E-02 3.8E-01 1.9E-01 1.9E+00
2.10 8.5E-03 6.2E-02 3.1E-02 3.1E-01
2.11 1.2E-01 8.5E-01 4.3E-01 4.3E+00
2.12 2.0E-02 1.4E-01 7.2E-02 7.2E-01
3.1 3.7E-01 1.1E+01 1.2E+00 6.1E+01
3.2 2.5E-02 7.3E-01 8.0E-02 4.0E+00
3.3 9.0E-01 2.7E+01 3.0E+00 1.5E+02
3.4 6.1E-02 1.8E+00 2.0E-01 1.0E+01
3.5 3.7E-02 1.1E+00 1.2E-01 6.1E+00
3.6 2.5E-03 7.0E-02 1.0E-02 4.0E-01
3.7 9.0E-02 2.7E+00 3.0E-01 1.5E+01
3.8 6.1E-03 1.8E-01 2.0E-02 1.0E+00
3.9 1.7E-01 1.2E+00 6.2E-01 6.3E+00
3.10 1.1E-02 8.2E-02 4.1E-02 4.2E-01
3.11 4.1E-01 3.0E+00 1.5E+00 1.5E+01
3.12 2.8E-02 2.0E-01 1.0E-01 1.0E+00
4.1 3.5E-01 1.0E+01 1.2E+00 5.8E+01
4.2 3.0E-02 8.8E-01 9.7E-02 4.9E+00
43 3.5E-02 1.0E+00 1.2E-01 5.8E+00
4.4 3.0E-03 8.8E-02 9.7E-03 4.9E-01
4.5 1.6E-01 1.2E+00 5.9E-01 6.0E+00
4.6 1.4E-02 9.9E-02 5.0E-02 5.0E-01
5.1 2.4E+01 7.0E+02 7.7E+01 3.9E+03
5.2 2.4E+00 7.0E+01 7.7E+00 3.9E+02
53 1.1E+01 7.9E+01 4.0E+01 4.0E+02
5.4 2.7E+00 8.0E+01 8.8E+00 4.4E+02
5.5 2.7E-01 8.0E+00 8.8E-01 4 4E+01
5.6 1.2E+00 9.0E+00 4.6E+00 4.6E+01
5.7 3.2E+01 9.5E+02 1.1E+02 5.3E+03
5.8 3.2E+00 9.5E+01 1.1E+01 5.3E+02
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Harmonic Mean

Harmonic Mean

. 7Q10 SWC 7Q10 SWC
ST (A1 50th ?’gfen tile 10th ?’ve‘l]fen tile 50th percentile 10th percentile

5.9 1.5E+01 1.1E+02 5.4E+01 5.5E+02
5.1 3.7E+00 1.1E+02 1.2E+01 6.1E+02
5.11 3.7E-01 1.1E+01 1.2E+00 6.1E+01
5.12 1.7E+00 1.2E+01 6.2E+00 6.3E+01
6.1 1.1E-01 3.2E+00 3.5E-01 1.8E+01
6.2 1.1E-02 3.2E-01 3.5E-02 1.8E+00
6.3 5.0E-02 3.6E-01 1.8E-01 1.8E+00
6.4 5.8E-03 1.7E-01 1.9E-02 9.5E-01
6.5 5.8E-04 1.7E-02 1.9E-03 9.5E-02
6.6 2.7E-03 1.9E-02 9.8E-03 9.9E-02
6.7 4.8E-01 1.4E+01 1.6E+00 8.0E+01
6.8 4.8E-02 1.4E+00 1.6E-01 8.0E+00
6.9 2.2E-01 1.6E+00 8.2E-01 8.3E+00
6.1 2.6E-02 7.6E-01 8.4E-02 4.2E+00
6.11 2.6E-03 7.6E-02 8.4E-03 4.2E-01
6.12 1.2E-02 8.6E-02 4.4E-02 4.4E-01
8.1 6.8E-04 7.7E-03 3.2E-03 8.0E-02
8.2 6.8E-05 7.7E-04 3.2E-04 8.0E-03
8.3 8.0E-02 9.0E-01 3.7E-01 9.4E+00
8.4 8.0E-03 9.0E-02 3.7E-02 9.4E-01
10.1 5.0E-01 1.5E+01 1.7E+00 8.3E+01
10.2 5.0E-02 1.5E+00 1.7E-01 8.3E+00
10.3 2.3E-01 1.7E+00 8.5E-01 8.6E+00
10.4 3.6E-03 1.1E-01 1.2E-02 5.9E-01
10.5 3.6E-04 1.1E-02 1.2E-03 5.9E-02
10.6 1.7E-03 1.2E-02 6.1E-03 6.2E-02
10.7 6.0E-01 1.8E+01 2.0E+00 9.9E+01
10.8 6.0E-02 1.8E+00 2.0E-01 9.9E+00
10.9 2.8E-01 2.0E+00 1.0E+00 1.0E+01
10.1 4.3E-03 1.3E-01 1.4E-02 7.1E-01
10.11 4.3E-04 1.3E-02 1.4E-03 7.1E-02
10.12 2.0E-03 1.4E-02 7.3E-03 7.3E-02
12.1 1.9E-03 5.5E-02 6.2E-03 3.1E-01
12.2 8.7E-03 6.3E-02 3.2E-02 3.2E-01
12.3 2.5E-05 7.5E-04 8.3E-05 4.2E-03
12.4 1.2E-04 8.4E-04 4.3E-04 4.3E-03
12.5 3.8E-03 1.1E-01 1.2E-02 6.2E-01
12.6 1.7E-02 1.3E-01 6.4E-02 6.4E-01
12.7 5.0E-05 1.5E-03 1.7E-04 8.3E-03
12.8 2.3E-04 1.7E-03 8.5E-04 8.6E-03
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Water dilution models can be used to determine the concentration of a chemical in the surface water
column after a source emits the chemical into a water body. The volume of a river varies over time with
different flows expected seasonally and from year to year. The E-FAST model does not account for
partitioning between dissolved and suspended sediment within the water column or between the water
column and the benthic environment. The benthic environment is made up of pore water and settled
sediments.

Site-specific parameters influence how partitioning occurs over time. For example, the concentration of
suspended sediments, water depth, and weather patterns all influence how a chemical may partition
between compartments. Physical-chemical properties of the chemical itself also influence partitioning
and half-lives into environmental media. HBCD has a Koc of 100,000, indicating a high potential to
sorb to suspended particles in the water column and settled sediment in the benthic environment.

Canada considered these parameters when estimating surface water and sediment concentrations of
HBCD in rivers receiving HBCD from point sources. Surface water and sediment concentrations were
estimated at 100 m from the facility and 5,000 m from the facility using a 10 box fugacity-based model
(EC/HC, 2011). These modeled estimates ranged from 0.03 to 15 pg/L in surface water and from 230 to
108,2000 pg/kg in sediment. It is noteworthy that this modeling was conducted when releases to surface
water from uses of HBCD were likely higher than they are today.

EPA also modeled dissolved water and settled sediment concentrations using surface water release
estimates tailored for this assessment. EPA used the Variable Volume Waterbody Model (VVWM) -
Point Source Calculator (PSC) to complete this modeling (U.S. EPA. 2019p). The PSC is a tool
designed to estimate time-varying surface water concentrations of a chemical directly applied to a water
body, including but not limited to river segments. Loading into the river can be varied daily, set up to be
discrete one-time events, or repetitive events over most or all of the year. The PSC is a graphical user
interface which gathers the user’s inputs and runs USEPA’s VVWM. Required inputs are the same as
those for the VVWM, but the PSC graphical interface facilitates user interaction for the direct-
application and allows model inputs to be defined by the user. Time-varying surface water
concentrations can be averaged over variable time periods for comparison to concentrations of concern.
For example, 21-day average surface water concentrations and 28-day average sediment concentrations
were used for EPA’s modeling assessment.

More information on the equations used to estimate surface water and sediment concentrations are
available in the PSC user guide (U.S. EPA, 2019p). In short, daily releases and daily flow values are
used along with other model inputs to solve mass-balance equations for the water column and for the
benthic region.

Surface water flow can be set up to be constant flow or use time-varying flows. Since site-specific
information is not available for these facilities, constant flows matching the SIC-based flow values used
in E-FAST were selected. Suspended sediment values are highly variable and are influenced by stream
flow, land cover, and river conditions. A Koc value of 100,000 was chosen based on measured data.
Note, a weather file is also needed to run VVWM-PSC. This incorporates variable flow volume through
precipitation events. However, variation through precipitation alters stream flow much less than
variations in stream flow from other factors. Use of a constant flow which varied across scenarios was
chosen. Table 2-53 displays the inputs used to run the VVWM-PSC for HBCD.
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Table 2-53. Inputs for Modeling HBCD Sediment Concentration using VVWM-PSC

T f .
Input ype 0 Value Units, Comments | Reference
Input
Sorption Coefficient (Koc) Chemical 100,000 ml/g (ECHA 2017)
Water Column, Hydrolysis, and .
Photolysis Half-lives Chemical 363 Days
(Davis et al., 2005)
Benthic Half-Live Chemical 11to 128 Days (Davis et al., 2006)
Molecular weight Chemical 641.7 g/mol
Henry’s Law Constant Chemical 7 AF-6 atm-m3/mole (U.S. EPA, 2012¢)
Heat of Henry Chemical 41570 J/mol (U.S. EPA, 2019p)
Varies can
add separate
. . table and/or Offset, number of
Loading schedule Chemical add days on and off
combinations
here.
River width Environment 8 Meters
. Environment (EC/HC (Environment
River depth 2 Meters Canada and Health
i Canada), 2011
River length Environment 100 Meters )
Flow rate Environment Varies See Table 2-51. (U.S. EPA, 2014c)
Photolysis
parameter:

DFAC Environment 1.19 Represents the ratio (U.S. EPA, 2019p)

of vertical path

lengths to depth
Wa?er Column Suspended Environment 50 mg/L Dodds et al 2004
Sediment
Chlorophyll Environment 0.005 mg/L
Water Column Fraction Organic Environment 0.04 Fraction
Content
Water Column Dissolved .
Oxygen Content Environment 5.0 mg/L
Water Column Biomass Environment 0.4 mg/L
Benthic Depth Environment 0.05 M
Benthic Porosity Environment 0.5 (U.S. EPA. 2019)
Bulk Density Environment 1.35 g/cm3
Benthic Fraction Organic Environment 0.04
Content
Benthic Dissolved Oxygen Environment 50 mg/L
Content
Benthic Biomass Environment 0.006 g/m2
Mass Transfer Coefficient Environment le-8 m/s

Table 2-54 depicts the estimated sediment concentrations from VVWM-PSC. Note that the 1-day
average overall surface water column concentrations are similar to estimated surface water
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concentrations from E-FAST because the same flow values were used. Further, the PSC was only run
for scenarios where the estimated surface water concentration from E-FAST exceeded an acute or
chronic aquatic hazard value (discussed in Section 3.1). The results from second-tier modeling are
provided below. See Section 2.3.7 regarding the qualitative sensitivity analysis associated with these

results.

Table 2-54. HBCD Water Concentrations Modeled Using PSC (7Q10 Flow 50th Percentile)

Water Water Water Water Water Water Sediment Sediment

Column1 | Column Column Column Column 21 Column ng/kg png/kg
Scenario | Day Dissolved 1 | Suspended ;;g/(lfa ;l)zgsolve d él sdayn ded ig izy ig izy
Label average Day pg/L 1 Day pg/L y ESDERNN erage erage

average pg/L pg/L (128) an®

1.1 3.8E-01 2.9E-01 5.8E-02 3.7E-02 2.8E-02 5.6E-03 7.7E+01 3.4E+01
1.2 3.7E-02 2.8E-02 5.6E-03 3.0E-02 2.3E-02 4.6E-03 7.7E+01 3.4E+01
1.3 1.9E+00 1.5E+00 2.9E-01 1.8E-01 1.4E-01 2.8E-02 3.9E+02 1.7E+02
1.4 1.9E-01 1.4E-01 2.8E-02 1.5E-01 1.2E-01 2.3E-02 3.9E+02 1.7E+02
1.5 1.9E+00 1.5E+00 2.9E-01 1.9E-01 1.4E-01 2.8E-02 4.0E+02 1.7E+02
1.6 1.9E-01 1.4E-01 2.9E-02 1.6E-01 1.2E-01 2.3E-02 3.9E+02 1.7E+02
1.7 9.7E+00 7.3E+00 1.5E+00 9.4E-01 7.1E-01 1.4E-01 2.0E+03 8.7E+02
1.8 9.6E-01 7.3E-01 1.5E-01 7.8E-01 5.9E-01 1.2E-01 2.0E+03 8.6E+02
2.1 3.7E-01 2.8E-01 5.6E-02 1.8E-02 1.3E-02 2.7E-03 2.8E+01 1.3E+01
22 6.0E-02 4.5E-02 9.1E-03 1.6E-02 1.2E-02 2.3E-03 2.6E+01 1.2E+01
2.3 8.3E-01 6.3E-01 1.3E-01 4.0E-02 3.0E-02 6.0E-03 6.3E+01 3.0E+01
24 1.4E-01 1.0E-01 2.1E-02 2.6E-02 2.0E-02 4.0E-03 6.0E+01 2.7E+01
2.5 3.7E-02 2.8E-02 5.6E-03 1.8E-03 1.3E-03 2.7E-04 2.8E+00 1.3E+00
2.7 8.3E-02 6.3E-02 1.3E-02 4.0E-03 3.0E-03 6.0E-04 6.3E+00 3.0E+00
29 1.9E-01 1.4E-01 2.8E-02 9.0E-03 6.8E-03 1.4E-03 1.4E+01 6.7E+00
2.11 4.2E-01 3.1E-01 6.3E-02 2.0E-02 1.5E-02 3.1E-03 3.2E+01 1.5E+01
3.1 1.2E+00 9.1E-01 1.8E-01 5.7E-02 4.3E-02 8.6E-03 4.8E+01 3.6E+01
32 8.0E-02 6.0E-02 1.2E-02 3.8E-03 2.9E-03 5.8E-04 8.9E+00 4.0E+00
33 2.9E+00 2.2E+00 4.4E-01 1.4E-01 1.1E-01 2.1E-02 1.2E+02 8.9E+01
3.4 2.0E-01 1.5E-01 3.0E-02 9.4E-03 7.1E-03 1.4E-03 2.2E+01 9.9E+00
3.5 1.2E-01 9.1E-02 1.8E-02 5.7E-03 4.3E-03 8.6E-04 4.8E+00 3.6E+00
3.6 8.0E-03 6.0E-03 1.2E-03 3.8E-04 2.9E-04 5.8E-05 8.9E-01 4.0E-01
3.7 2.9E-01 2.2E-01 4.4E-02 1.4E-02 1.1E-02 2.1E-03 1.2E+01 8.9E+00
3.8 2.0E-02 1.5E-02 3.0E-03 9.4E-04 7.1E-04 1.4E-04 2.2E+00 9.9E-01
3.9 6.0E-01 4.5E-01 9.1E-02 2.9E-02 2.2E-02 4.4E-03 2.4E+01 1.8E+01
3.10 4.0E-02 3.0E-02 6.1E-03 2.0E-03 1.5E-03 3.0E-04 4.5E+00 2.0E+00
3.11 1.5E+00 1.1E+00 2.2E-01 7.1E-02 5.4E-02 1.1E-02 6.0E+01 4.5E+01
3.12 9.9E-02 7.5E-02 1.5E-02 4.8E-03 3.7E-03 7.3E-04 1.1E+01 5.0E+00
4.1 1.1E+00 8.6E-01 1.7E-01 5.4E-02 4.1E-02 8.2E-03 4.6E+01 3.5E+01
4.2 9.6E-02 7.3E-02 1.5E-02 4.6E-03 3.5E-03 6.9E-04 8.2E+00 3.7E+00
43 1.1E-01 8.6E-02 1.7E-02 5.4E-03 4.1E-03 8.2E-04 4.6E+00 3.5E+00
4.4 9.6E-03 7.3E-03 1.5E-03 4.6E-04 3.5E-04 6.9E-05 8.2E-01 3.7E-01
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Water Water Water Water Water Water Sediment Sediment

Column 1 Column Column Column Column 21 Column ng/kg ng/kg
SECIEE | ey Dissolved 1 Suspended ;%/:ay dD:gsolved gls(:)?;lded zge(:‘zze zge(:‘zze
Label average Day pg/L 1 Day pg/L . .

average pg/L pg/L (128) an

4.5 5.7E-01 4.3E-01 8.7E-02 2.8E-02 2.1E-02 4.2E-03 2.3E+01 1.8E+01
4.6 4.8E-02 3.6E-02 7.3E-03 2.3E-03 1.8E-03 3.5E-04 4.2E+00 1.9E+00
5.1 7.7E+01 5.8E+01 1.2E+01 3.7E+00 2.8E+00 5.6E-01 8.9E+03 4.1E+03
5.2 7.7E+00 5.8E+00 1.2E+00 3.7E-01 2.8E-01 5.6E-02 8.9E+02 4.1E+02
5.3 3.9E+01 2.9E+01 5.8E+00 1.9E+00 1.4E+00 2.8E-01 4.6E+03 2.1E+03
5.4 8.8E+00 6.6E+00 1.3E+00 2.9E+00 2.2E+00 4.5E-01 7.6E+03 3.3E+03
5.5 8.8E-01 6.6E-01 1.3E-01 2.9E-01 2.2E-01 4.5E-02 7.6E+02 3.3E+02
5.6 4.4E+00 3.4E+00 6.7E-01 1.5E+00 1.1E+00 2.3E-01 3.9E+03 1.7E+03
5.7 1.1E+02 7.9E+01 1.6E+01 5.0E+00 3.8E+00 7.6E-01 1.2E+04 5.5E+03
5.8 1.1E+01 7.9E+00 1.6E+00 5.0E-01 3.8E-01 7.6E-02 1.2E+03 5.5E+02
5.9 5.3E+01 4.0E+01 7.9E+00 2.6E+00 1.9E+00 3.9E-01 6.2E+03 2.8E+03
5.10 1.2E+01 9.1E+00 1.8E+00 4.0E+00 3.0E+00 6.1E-01 1.0E+04 4.6E+03
5.11 1.2E+00 9.1E-01 1.8E-01 4.0E-01 3.0E-01 6.1E-02 1.0E+03 4.6E+02
5.12 6.1E+00 4.6E+00 9.2E-01 2.1E+00 1.6E+00 3.1E-01 5.3E+03 2.3E+03
6.1 3.5E-01 2.7E-01 5.3E-02 1.7E-02 1.3E-02 2.6E-03 4.1E+01 1.9E+01
6.2 3.5E-02 2.7E-02 5.3E-03 1.7E-03 1.3E-03 2.6E-04 4.1E+00 1.9E+00
6.3 1.8E-01 1.3E-01 2.7E-02 8.6E-03 6.5E-03 1.3E-03 2.1E+01 9.4E+00
6.4 1.9E-02 1.4E-02 2.9E-03 1.6E-02 1.2E-02 2.5E-03 4.1E+01 1.8E+01
6.7 1.6E+00 1.2E+00 2.4E-01 7.5E-02 5.7E-02 1.1E-02 1.8E+02 8.3E+01
6.8 1.6E-01 1.2E-01 2.4E-02 7.5E-03 5.7E-03 1.1E-03 1.8E+01 8.3E+00
6.9 7.9E-01 6.0E-01 1.2E-01 3.9E-02 2.9E-02 5.8E-03 9.4E+01 4.2E+01
6.10 8.4E-02 6.4E-02 1.3E-02 7.2E-02 5.5E-02 1.1E-02 1.8E+02 8.0E+01
6.11 8.4E-03 6.4E-03 1.3E-03 7.2E-03 5.5E-03 1.1E-03 1.8E+01 8.0E+00
6.12 4.3E-02 3.3E-02 6.5E-03 3.7E-02 2.8E-02 5.6E-03 9.3E+01 4.0E+01
8.1 2.9E-03 2.2E-03 4.4E-04 1.4E-04 1.1E-04 2.1E-05 1.2E-01 8.9E-02
8.3 3.4E-01 2.6E-01 5.1E-02 1.7E-02 1.3E-02 2.5E-03 1.6E+01 1.1IE+01
10.1 1.6E+00 1.2E+00 2.5E-01 7.8E-02 5.9E-02 1.2E-02 6.6E+01 5.0E+01
10.2 1.6E-01 1.2E-01 2.5E-02 7.8E-03 5.9E-03 1.2E-03 6.6E+00 5.0E+00
10.3 8.2E-01 6.2E-01 1.2E-01 4.0E-02 3.0E-02 6.0E-03 3.3E+01 2.5E+01
10.4 1.2E-02 8.9E-03 1.8E-03 3.9E-03 3.0E-03 6.0E-04 1.0E+01 4.5E+00
10.7 2.0E+00 1.5E+00 3.0E-01 9.3E-02 7.1E-02 1.4E-02 9.6E+01 6.0E+01
10.8 2.0E-01 1.5E-01 3.0E-02 9.3E-03 7.1E-03 1.4E-03 9.6E+00 6.0E+00
10.9 9.8E-01 7.4E-01 1.5E-01 4.7E-02 3.6E-02 7.1E-03 4.0E+01 3.0E+01
10.10 1.4E-02 1.1E-02 2.1E-03 4.7E-03 3.5E-03 7.1E-04 1.2E+01 5.3E+00
12.1 6.2E-03 4.7E-03 9.3E-04 2.9E-04 2.2E-04 4.5E-05 2.9E-01 1.9E-01
12.2 3.1E-02 2.3E-02 4.7E-03 1.5E-03 1.1E-03 2.3E-04 1.5E+00 9.5E-01
12.5 1.2E-02 9.3E-03 1.9E-03 5.9E-04 4.4E-04 8.9E-05 5.8E-01 3.8E-01
12.6 6.2E-02 4.7E-02 9.4E-03 3.0E-03 2.3E-03 4.5E-04 2.9E+00 1.9E+00

2 sediment benthic half-life (days)
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Table 2-55. PSC Results 7Q10 Flow 10" percentile

Water Water Water Water Water Water Sediment Sediment

Column 1 Column Column Column Column 21 Column ng/kg ng/kg
SECIEE | ey Dissolved 1 Suspended ;%/:ay dD:gsolved gls(::glded zge(:‘zze zge(:‘ize
Label average Day pg/L 1 Day pg/L . .

average pg/L pg/L (128) an

1.1 1.5E+01 1.1E+01 2.2E+00 1.7E+00 1.3E+00 2.6E-01 3.6E+03 1.4E+03
1.2 1.7E+00 1.3E+00 2.6E-01 1.5E+00 1.1E+00 2.2E-01 3.6E+03 1.4E+03
1.3 7.4E+01 5.6E+01 1.1E+01 8.6E+00 6.5E+00 1.3E+00 1.8E+04 7.0E+03
1.4 8.7E+00 6.6E+00 1.3E+00 7.4E+00 5.6E+00 1.1E+00 1.8E+04 7.0E+03
1.5 1.5E+01 1.1E+01 2.3E+00 1.8E+00 1.3E+00 2.7E-01 3.7E+03 1.4E+03
1.6 1.8E+00 1.3E+00 2.7E-01 1.5E+00 1.1E+00 2.3E-01 3.7E+03 1.4E+03
1.7 7.6E+01 5.7E+01 1.1E+01 8.9E+00 6.7E+00 1.3E+00 1.9E+04 7.2E+03
1.8 9.0E+00 6.8E+00 1.4E+00 7.6E+00 5.7E+00 1.1E+00 1.9E+04 7.2E+03
2.1 1.4E+01 1.1E+01 2.1E+00 7.9E-01 5.9E-01 1.2E-01 1.3E+03 5.4E+02
2.2 2.4E+00 1.8E+00 3.6E-01 5.4E-01 4.1E-01 8.2E-02 1.2E+03 4.7E+02
23 3.1E+01 2.4E+01 4.7E+00 1.8E+00 1.3E+00 2.7E-01 2.9E+03 1.2E+03
2.4 5.4E+00 4.1E+00 8.2E-01 1.3E+00 9.5E-01 1.9E-01 2.8E+03 1.1E+03
2.5 1.4E+00 1.1E+00 2.1E-01 7.9E-02 5.9E-02 1.2E-02 1.3E+02 5.4E+01
2.7 3.1E+00 2.4E+00 4.7E-01 1.8E-01 1.3E-01 2.7E-02 2.9E+02 1.2E+02
29 1.4E+00 1.1E+00 2.2E-01 8.1E-02 6.1E-02 1.2E-02 1.3E+02 5.5E+01
2.11 3.2E+00 2.4E+00 4.9E-01 1.8E-01 1.4E-01 2.8E-02 3.0E+02 1.2E+02
3.1 4.5E+01 3.4E+01 6.8E+00 2.3E+00 1.7E+00 3.5E-01 1.9E+03 1.4E+03
32 3.0E+00 2.3E+00 4.6E-01 1.8E-01 1.4E-01 2.7E-02 4.1E+02 1.6E+02
33 1.1E+02 8.3E+01 1.7E+01 5.7E+00 4.3E+00 8.6E-01 4.7E+03 3.5E+03
34 7.5E+00 5.6E+00 1.1E+00 4.5E-01 3.4E-01 6.8E-02 1.0E+03 4.0E+02
3.5 4.5E+00 3.4E+00 6.8E-01 2.3E-01 1.7E-01 3.5E-02 1.9E+02 1.4E+02
3.6 3.0E-01 2.3E-01 4.6E-02 1.8E-02 1.4E-02 2.7E-03 4.1E+01 1.6E+01
3.7 1.1E+01 8.3E+00 1.7E+00 5.7E-01 4.3E-01 8.6E-02 4.7E+02 3.5E+02
3.8 7.5E-01 5.6E-01 1.1E-01 4.5E-02 3.4E-02 6.8E-03 1.0E+02 4.0E+01
3.9 4.6E+00 3.5E+00 7.0E-01 2.4E-01 1.8E-01 3.6E-02 2.0E+02 1.5E+02
3.10 3.1E-01 2.3E-01 4.7E-02 1.9E-02 1.4E-02 2.8E-03 4.3E+01 1.7E+01
3.11 1.1E+01 8.6E+00 1.7E+00 5.8E-01 4.4E-01 8.8E-02 4.8E+02 3.6E+02
3.12 7.7E-01 5.8E-01 1.2E-01 4.6E-02 3.5E-02 7.0E-03 1.1E+02 4.1E+01
4.1 4.3E+01 3.2E+01 6.5E+00 2.2E+00 1.7E+00 3.3E-01 1.8E+03 1.4E+03
4.2 3.6E+00 2.7E+00 5.5E-01 2.1E-01 1.6E-01 3.1E-02 3.9E+02 1.5E+02
43 4.3E+00 3.2E+00 6.5E-01 2.2E-01 1.7E-01 3.3E-02 1.8E+02 1.4E+02
4.4 3.6E-01 2.7E-01 5.5E-02 2.1E-02 1.6E-02 3.1E-03 3.9E+01 1.5E+01
45 4.4E+00 3.3E+00 6.6E-01 2.3E-01 1.7E-01 3.4E-02 1.9E+02 1.4E+02
4.6 3.7E-01 2.8E-01 5.6E-02 2.1E-02 1.6E-02 3.2E-03 4.0E+01 1.6E+01
51 2.9E+03 2.2E+03 4.4E+02 1.7E+02 1.3E+02 2.6E+01 4.2E+05 1.7E+05
52 2.9E+02 2.2E+02 4.4E+01 1.7E+01 1.3E+01 2.6E+00 4.2E+04 1.7E+04
53 3.0E+02 2.2E+02 4.5E+01 1.8E+01 1.3E+01 2.7E+00 4.3E+04 1.7E+04
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Water Water Water Water Water Water Sediment Sediment

Column 1 Column Column Column Column 21 Column ng/kg ng/kg
SECIEE | ey Dissolved 1 Suspended ;%/:ay dD:gsolved gls(::glded zge(:‘zze zge(:‘ize
Label average Day pg/L 1 Day pg/L . .

average pg/L pg/L (128) an

54 3.6E+02 2.7E+02 5.4E+01 1.4E+02 1.1E+02 2.1E+01 3.6E+05 1.4E+05
55 3.6E+01 2.7E+01 5.4E+00 1.4E+01 1.1E+01 2.1E+00 3.6E+04 1.4E+04
56 3.7E+01 2.8E+01 5.6E+00 1.4E+01 1.1E+01 2.2E+00 3.7E+04 1.4E+04
57 4.0E+03 3.0E+03 6.0E+02 2.4E+02 1.8E+02 3.6E+01 5.7E+05 2.3E+05
58 4.0E+02 3.0E+02 6.0E+01 2.4E+01 1.8E+01 3.6E+00 5.7E+04 2.3E+04
59 4.1E+02 3.1E+02 6.1E+01 2.4E+01 1.8E+01 3.7E+00 5.9E+04 2.3E+04
5.10 4.9E+02 3.7E+02 7.4E+01 1.9E+02 1.4E+02 2.9E+01 4.9E+05 1.9E+05
511 4.9E+01 3.7E+01 7.4E+00 1.9E+01 1.4E+01 2.9E+00 4.9E+04 1.9E+04
512 5.0E+01 3.8E+01 7.6E+00 2.0E+01 1.5E+01 3.0E+00 5.0E+04 1.9E+04
6.1 1.3E+01 1.0E+01 2.0E+00 7.9E-01 6.0E-01 1.2E-01 1.9E+03 7.6E+02
6.2 1.3E+00 1.0E+00 2.0E-01 7.9E-02 6.0E-02 1.2E-02 1.9E+02 7.6E+01
6.3 1.4E+00 1.0E+00 2.1E-01 8.2E-02 6.2E-02 1.2E-02 2.0E+02 7.8E+01
6.4 8.7E-01 6.6E-01 1.3E-01 7.7E-01 5.8E-01 1.2E-01 1.9E+03 7.4E+02
6.7 6.0E+01 4.5E+01 9.0E+00 3.5E+00 2.7E+00 5.3E-01 8.5E+03 3.4E+03
6.8 6.0E+00 4.5E+00 9.0E-01 3.5E-01 2.7E-01 5.3E-02 8.5E+02 3.4E+02
6.9 6.1E+00 4.6E+00 9.2E-01 3.6E-01 2.8E-01 5.5E-02 8.8E+02 3.5E+02
6.10 3.9E+00 2.9E+00 5.9E-01 3.4E+00 2.6E+00 5.2E-01 8.5E+03 3.3E+03
6.11 3.9E-01 2.9E-01 5.9E-02 3.4E-01 2.6E-01 5.2E-02 8.5E+02 3.3E+02
6.12 4.0E-01 3.0E-01 6.0E-02 3.5E-01 2.7E-01 5.3E-02 8.8E+02 3.4E+02
8.1 2.0E-02 1.5E-02 3.0E-03 1.3E-03 9.8E-04 2.0E-04 1.1E+00 7.6E-01
83 2.4E+00 1.8E+00 3.6E-01 1.7E-01 1.3E-01 2.6E-02 2.0E+02 9.0E+01
10.1 6.2E+01 4.7E+01 9.3E+00 3.2E+00 2.4E+00 4.8E-01 2.6E+03 2.0E+03
102 6.2E+00 4.7E+00 9.3E-01 3.2E-01 2.4E-01 4.8E-02 2.6E+02 2.0E+02
10.3 6.3E+00 4.8E+00 9.6E-01 3.3E-01 2.5E-01 4.9E-02 2.7E+02 2.0E+02
104 4.8E-01 3.6E-01 7.3E-02 1.9E-01 1.4E-01 2.8E-02 4.8E+02 1.8E+02
107 7.3E+01 5.5E+01 1.1E+01 3.8E+00 2.8E+00 5.7E-01 3.1E+03 2.3E+03
10.8 7.3E+00 5.5E+00 1.1E+00 3.8E-01 2.8E-01 5.7E-02 3.1E+02 2.3E+02
10.9 7.5E+00 5.7E+00 1.1E+00 3.9E-01 2.9E-01 5.8E-02 3.2E+02 2.4E+02
10.10 5.7E-01 4.3E-01 8.6E-02 2.2E-01 1.7E-01 3.4E-02 5.7E+02 2.2E+02
12.1 2.3E-01 1.7E-01 3.5E-02 1.2E-02 9.2E-03 1.8E-03 1.3E+01 7.4E+00
122 2.4E-01 1.8E-01 3.6E-02 1.3E-02 9.5E-03 1.9E-03 1.3E+01 7.6E+00
12.5 4.6E-01 3.5E-01 7.0E-02 2.4E-02 1.8E-02 3.7E-03 2.5E+01 1.5E+01
12.6 4.7E-01 3.6E-01 7.2E-02 2.5E-02 1.9E-02 3.8E-03 2.6E+01 1.5E+01

2 sediment benthic half-life (days)
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2.3.3 Terrestrial Environment — Soil and Deposition from Air

EPA identified 17 studies where concentrations of HBCD in soil were extracted. Wu et al reported soil
concentrations ranging from 0.3 to 249 pg/kg that represented a wide variety of land-use types (Wu et
al., 2016a). The soil concentration was influenced by the sample depth as well as proximity to facilities,
with higher concentrations reported near industrial areas. Tang (Tang et al., 2014a) collected 90 samples
across the Ningbo Region of China, including in residential and agricultural areas. The overall range of
soil concentrations reported was ND (farmland areas) to 103 pg/kg (industrial areas) with land-use
highly influencing the overall magnitude of reported soil concentrations. EPA considers these
concentrations suitable for informing actual concentrations of HBCD in the environment.

HBCD may also be deposited to soil through application of biosolids to agricultural lands. Health
Canada used a modeling approach that resulted in an estimated soil concentration of 300 pg/kg,
however, one of the limitations of Health Canada’s modeling approach is that it does not consider air
deposition or background soil concentration (EC/HC, 2011). This value is on the high-end of reported
soil monitoring data (Table 2-58). The approach used a conservative biosolids concentration of 100,000
ng/kg (10 mg/kg) based on La Guardia (La Guardia et al., 2012). This value remains among the highest
values identified by EPA.

Predicted environmental concentrations (PECs) were calculated for tilled agricultural soil and
pastureland based on Equation 60 of the European Commission Technical Guidance Document (TGD)
(ECB, 2003) as follows:

Equation 2-2

Csludge X ARsludge

PEC,,; =
soil Dsoil X BDsoil

where:
PECsin = PEC for soil (mg/kg)
Csiuage = concentration in sludge (mg/kg)
ARsivage = application rate to sludge amended soils (kg/m2/yr);
default = 0.5 from Table A-11 of TGD
Dsoit = depth of soil tillage (m); default = 0.1 m from Table 11 of TGD
BDsoi = bulk density of soil (kg/m?); default = 1700 kg/m? from Section 2.3.4 of TGD

The equation assumes no losses from transformation, degradation, volatilization, erosion or leaching to
lower soil layers. Additionally, it is assumed there is no input of HBCD from atmospheric deposition
and there are no background HBCD accumulations in the soil. To examine potential impacts from long-
term application, an application time period of 10 consecutive years was considered. The sludge
concentrations reported by La Guardia (La Guardia et al., 2010), 10 mg/kg dw, was used as Csludge in the
calculation. Data were converted from ng/g TOC to mg/kg dw using the organic carbon content of the
sludge specified in the study.

EPA calculated the resulting soil concentration from air deposition in scenario specific release estimates
using the following equations:
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Equation 2-3

AnnDep = TotDep X AW X CF

Where
AnnDep = Total annual deposition to soil catchment area (ng)
TotDep = Annual deposition flux to water body (g/m?)
AW = Area of soil catchment area (m?)
CF = Conversion of grams to micrograms

Equation 2-4

Soil AnnDepC

otllone = Mix x Dens

Where
SoilConc = Annual-average concentration in catchment soil (ug/kg)
AnnDepC = Total deposition to soil catchment area (pg)
Mix = Mixing depth (m)
AC = Area of catchment, removing the area of the water body in it (m?)
Dens = Density (1,700 kg/m?)

EPA provides some additional context for estimated deposition rates from air modeling and empirically
from transport. HBCD has potential for transport and this has been measured in many environments.
The IIOAC model also estimates deposition rates and the highest deposition rates were:

e 2.28E-05 g/m?/y at the hypothetical facility’s fenceline; and
e 4.18E-06 g/m?*/y at “community” receptors beyond the fenceline (82 percent lower than at
fenceline).

A recent study near the Great Lakes showed background deposition values of HBCD could range from
non-detectable levels up to 82 ng/m?/d, with an average of 2.3 ng/m?/d, corresponding to wet deposition
of HBCD as detected with automated wet-deposition samplers located at sites ranging from remote to
peri-urban (Robson et al., 2013). Observed HBCD deposition values varied by location (perhaps due in
part to meteorological conditions) and, to a lesser extent, by time, though sampling time was limited to
four years at some sites. For comparison to the modeled values, EPA assumed that the observed per-day
fluxes from Robson et al. (2013) were held constant for a year, resulting in:

e 2.99E-05 g/m?*/y for maximum deposition; and
e 8.40E-07 g/m?/y for average deposition

Among the highest deposition scenarios modeled the community receptors are likely more appropriate
for typical exposure-assessment purposes, which consider locations where the public would have regular
access (the IOAC community receptors are within 1 kilometer from the facility). The spatial averages
provided by the community receptors are also more appropriate to use for deposition to ponds and their
catchments since they cover a larger surface area. The highest IOAC-modeled deposition at the
community receptors near a hypothetical facility is nearly a factor of 5 above the average “background”
value observed in the monitoring study of Robson et al. (Robson et al., 2013). Differences in
concentrations in environmental media are proportional to differences in deposition. It is logical that the
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high-end modeled values of deposition and media concentrations near a facility, averaged over a year,
are substantially higher than long-term-averaged values resulting from general transport. Remaining
IIOAC deposition rates are comparable with the reported by Robson et al. (2013).

The overall magnitude of the contribution of air deposition to soil concentrations is generally low, <1
ng/kg for the highest scenario with releases to air (i.e., manufacturing of SIPs and automotive
replacement parts). Further, background soil concentrations based on the soil monitoring data are well
below 300 pg/kg and closer to 1-10 pg/kg. Therefore, an estimated high-end soil concentration of
HBCD from all sources, including biosolids application (300 pg/kg), air deposition (1 pg/kg), and
background (10 pg/kg) would be slightly higher ( 311 pg/kg) than potential soil concentrations from any
of these individual sources.

2.3.4 Assessment of Exposure in Targeted Wildlife

There are several biomonitoring studies examining the occurrence of HBCD in a wide range of wildlife
biota across multiple trophic levels. Most of the wildlife biomonitoring samples report HBCD in lipid
weight, but some are reported in wet weight. Some studies describe temporal, spatial (Esslinger et al.,
2011b), and trophic level (Poma et al., 2014) trends of HBCD concentrations in biota. A summary of
occurrence of HBCD in aquatic and terrestrial biota is presented in Sections 4.1.1 and 4.2.1 of the Draft
Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on General
Population, Environmental, and Consumer Exposure Assessment (U.S. EPA, 2019d).

Certain studies demonstrate that wildlife are more highly exposed when they are close to point sources
1.e., certain species that live near effluent discharge sites (Haukas et al., 2010b),. Due to HBCD’s
persistence and potential for long-range transport (UNEP 2010), exposure to wildlife is expected, at
some level, to continue even as current releases to the environment decline.

2.3.5 Summary of Results for Environmental Exposure Assessment

For ground truthing of near-facility concentration, HBCD monitoring data was compared with modeled
estimates of environmental concentrations based on estimated release data. Monitoring data was also
considered when selecting central tendency and high-end concentrations, based on whether they had
data both near and away from point (primary) sources. The overall range of data from all studies, range
of central tendency, range and central tendency estimates of key studies summarized in previous
sections, and sampling locations and sample size were considered. While a meta-analysis using raw data
would have provided a more robust approach, raw data was generally not available for most studies.
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of Key Studies for HBCD Environmental Concentrations

References Environmental Media
Surface Water Sediment Soil T sm.lrce Sy§tematic
Concentration Concentration Concentration Proximity | Review Score
(ng/L) (ng/kg) (ng/kg)
Raw Materials Handling
Modeled Estimates
5.0E-01 — 1.5E+01 | 3.6E+03 — 1.8E+05
fll'(()]:]n Catnad? 2011 NA Near NA
( meters from Compounding
facility)
1.0E-01 — 1.3E+00 |3.3E+02 —9.9E+03
Raw Materials Handling
Modeled Estimates 3.0E-01 — 1.0E+01 | 2.6E+03 — 7.7E+04
from Canada 2011 (5 - NA Far NA
km from facility) Compounding
3.0E-02 - 9.0E-01 | 2.3E+02 — 7.0E+03
E-FAST modeled 8.3E-05 — 1.1E+02 NA NA Near NA
estimates?
E-FAST modeled 4.2B-03 - 5.3E+03 NA NA Near NA
estimates
21-Day Average-
- . 28-Day Average
VYWM PSC mOdeled Dlssolved NA Near NA
estimates?
1.1E-04 — 3.8E+00 | 1.2E-01 — 1.2E+04
M-PSC modeled 21-DD?S);$:eesage 28-Day Average
v Y WYE ST modele NA Near NA
estimates
9.8E-04 — 3.8E+00 | 8.9E-02 — 5.5 E+03
Range of all 9.5E-06—2.1E+01 | 2.0E-03 —8.5E+04 | 2.0E-3 to 13E+03 | T oarFar NA
Monitoring Data
(EC. 2008) 2.8E-02 — NA 1.7E-03 - 9.1E+01 Near
(modeled 3.7E+02 High
concentrations) NA 1.3E-02— 1.7+05 | 4.5E-04 — 2.2E-03 Far
(La Guardia et al., 2012) NA 1.20E+04 — 3.9E+05 NA Near Medium
(Guerra et al., 2009) NA 9.0E+00 — 2.4E+03 NA Near Medium
(Guerra et al., 2010) NA 6.8E+00 — 1.9E+03 NA Near High
(Lietal., 2016b) NA NA 9.0E-02 — 3.4E+00 Near High
(Tang et al., 2014a) NA NA 6.3E+00 -1.0E+02 Near
NA NA 1.1E-02 — 3.8E+01 Far High
(Venier et al., 2014) 2.0E-07 - 4.4E-06 NA NA Far Medium
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References Environmental Media
Surface Water Sediment Soil Point $01.1rce Sy§tematic
Concentration Concentration Concentration Proximity | Review Score
(ng/L) (ng/kg) (ng/kg)
(Ichihara et al., 2014) 1.9E-04 — 1.4E-02 NA NA Far High

2 All mean-flow estimates across scenarios
*All low-flow estimates across scenarios

2.3.6 Predicted Environmental Concentration Used in the Environmental Exposure
Assessment
Table 2-57 presents the predicted environmental concentrations that were used in the environmental
exposure assessment. Note that soil concentrations were also used for the assessment of human exposure
and are further discussed in Section 2.4.2.
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Table 2-57. Summary of Estimated HBCD Surface Water, Sediment, and Soil Concentrations Based on Scenario Specific

Environmental Releases

SCENARIO NAME 7Q10 surface water | 7Q10 surface water | 28-day HBCD sediment concentration (river) pg/kg
(river)- 50" ng/L (river)- 10" pg/L Soil concentration
1-day 21-day 1-day 21-day 7Q10 50™ flow pg/kg 7Q10 10™ flow pg/kg ng/kg
average average
1. Processing: Repackaging of Import Containers 3.7E-02 - 3.0e-02 - | 1.7E+00 - |1.5E+00 to 3.4E+01 - 2.0E+03 1.4E+03 — 1.9 E+04 Not estimated.
9.7E+00 9.4E-01 | 7.6E+01 | 8.9E+00
2. Processing: Compounding of Polystyrene Resin to 6.0E-02 - | 1.6E-02 - | 2.4E+00 - [5.4E-01 to 3.0E+00 — 6.3E+01 1.2E+02 - 2.9E+03
Produce XPS Masterbatch 8.3E-01 4.0E-02 | 3.1E+01 | 1.8E+00
3. Processing: Manufacturing of XPS Foam using XPS 8.0E-02- |3.8E-03-| 3-110 |1.8E-01to 3.6E+00 - 118 1.4 E+02 - 4. 7E+03
Masterbatch 2.9E+00 | 1.4E-01 5.7E+00
4. Processing: Manufacturing of XPS Foam Using 1.1E-01 - | 5.4E-3- |4.28 -42.8(2.2E-01 to 3.5E+00 - 4.6E+01 1.4E+02 - 1.8E+03
[HBCD Powder 1.1IE+00 | 5.4E-02 2.2E+00
5. Processing: Manufacturing of EPS Foam from 8.8E-01 - | 2.9E-01 - [35.8 - 3960|1.4E+01 to 3.34E+02 - 1.2E+04 1.4E+04 - 5.7E+05
Imported EPS Resin Beads 1.1E+02 | 5.0E+00 2.40E+01
6. Processing: Manufacturing of SIPs and Automobile 8.4E-03 - | 7.2E-03 - 0.387 - 59.5|3.4E-01 to 8.0E+00 - 1.8E+02 3.3 E+02 - 8.5E+03
Replacement Parts from XPS/EPS Foam 1.6E+00 | 7.5E+00 3.5E+00

7. Use: Installation of Automobile Replacement Parts

No water releases

8. Use: Installation of EPS/XPS Foam Insulation in
Residential, Public and Commercial Buildings, and
other Structures

3.18E-04 - 3.4E-01

8.03E-03 - 2.4E+00

1.1E+01 - 1.6E+01

9.0E+01 - 2.0E+02

9. Demolition and Disposal of Insulation in Buildings

No site specific water releases

10. Processing: Recycling of EPS Foam

1.2E-02 -
2.0E+00

3.9E-03 -
9.3E-02

4.8E-01 - | 1.9E-01 -

7.3E+01 | 3.8E+00

4.5E+00 - 9.6E+01

1.8 E+02 - 3.1E+03

11. Processing: Formulation of Coatings and solder

[No water releases

12. Use of Solder 8.3E-05 - 4.1E-03 6.4E-02 - 6.4E-01 INO sediment estimates; expected to be low

1.0E-01 - 1.0E+01 pg/L 5.0E+02 - 1.0E+03 pg/g

IGeneric based on Monitoring data (near facility) 3.1E+02

1.0E-04 - 1.0E-01 pg/L 3.0E+01 - 5.0E+03pg/g |1.0E-01 - 1.0E+01

|Generic based on Monitoring data (not near facility)
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2.3.7 Sensitivity Analysis — Environmental Exposure
For estimated sediment concentrations from VVWM-PSC (Section 2.3.2), the default values, such as
suspended sediment concentration, fraction organic content, chlorophyll, and biomass content also
influence distribution. A targeted sensitivity analysis showed that Koc, half-life in sediment, fraction
organic content, and suspended solids concentration are parameters that tend to have more of an impact
on sediment concentrations. EPA considered variation of some of the more sensitive parameters, but
found results using different inputs showed similar magnitude and trends as the results presented. This is
likely because alteration of multiple parameters many have an off-setting impacts.

Table 2-58 summarizes the sensitivity analysis associated with monitoring data. Potential variability in
the assumption that the central tendency estimate of the reported monitoring data represent the
geometric mean appear to have a limited impact on the estimate of the high-end (95" percentile) dose.
Increasing the geometric mean by 10% over the baseline value increased high-end dose by 4%, while
decreasing it by 10% decreased dose by 7%.

Table 2-58. Sensitivity Analysis of Central Tendency Estimate Assumptions in Monitoring Data
Estimated Dose in mg/kg/day

. Baseline GM + Baseline GM -
Baseline GM 10% 10%
95th Percentile Dose 3.12E-04 3.23E-04 2.91E-04
1)
%o Ch.ange from _ 49, 79,
Baseline

GM = geometric mean

For fish tissue concentrations (Section 2.4.2), a wide range of BCF and BAF values are available in the
literature. Generally, BCF and BAF values are highly sensitive to variability in measured input values
(dissolved surface water concentration, lipid weight fish tissue concentration, and fraction lipid-content).
Small changes in these input values can result in large changes in associated BCF and BAF values.

As described in Section 2.2.14, EPA performed sensitivity analyses for three conditions of use at the per
site process volumes of 50,000 lbs/yr and 25,000 lbs/yr to examine the effect of process volume on the
resulting general population and environmental exposures. In addition, EPA chose to perform additional
sensitivity analyses by incorporating a higher onsite (direct release) wastewater removal when the
removal rates were unknown. For Scenario 1 (Repackaging of Import Containers), based on information
provided in Section 2.2.2, EPA applied 90% removal for releases to water. As mentioned in Section
2.3.2, when information regarding pretreatment for direct releases to surface was uncertain, EPA applied
a removal rate of 0%. In the sensitivity analysis presented here, a tiered approach was used to assess
these releases using both 0% removal and a higher removal rate.

Little information was found on the type or efficiency of onsite treatment used by direct discharging
facilities using HBCD. Due to its low water solubility (66 pug/L), high log Kow (5.6) and physical state
(solid), HBCD is likely to partition to the organic phase, including organic particulates in wastewater. It
is expected to behave as a particulate in aqueous wastewater and be removed with other solids by
gravity settling during the wastewater clarification process. The efficiency of removal of HBCD may be
reflected in data for total suspended solids (TSS) removal. The EPA Development Document for
Effluent Limitations, Guidelines and Standards for Organic Chemicals, Plastics and Synthetic Fibers
Point Source Category (U.S. EPA, 1987) reports TSS removal for a commonly used onsite wastewater
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treatment, activated sludge treatment. Reported mean (67%), median (81%), minimum (-29%) and
maximum (99%) values for TSS removal were reported for thirty nine observations. EPA considered
these reported values and uncertainty in extrapolating from performance of the treatment systems
surveyed in the Effluent Guidelines document to those facilities using HBCD. EPA also considered
uncertainty associated with the use of TSS removal as a surrogate for HBCD removal. EPA selected
75% removal of HBCD in onsite wastewater treatment for direct dischargers. EPA is confident that
some removal of HBCD will occur in onsite wastewater treatment. Higher or lower removal of HBCD
could occur based on the type of treatment employed and its performance optimization.

EPA acknowledges the downward trend of environmental releases as the production volume of HBCD
has decreased over time. To account for this, EPA considered three separate estimates of releases for
conditions of use based on three different production volumes: 100,000, 50,000, and 25,000 kilograms
per year. EPA estimated surface water and sediment concentrations through the Point Source Calculator
for all combinations. EPA inferred that the days of release correlated with kg/site/day releases. For
example as total releases decrease, the number of days of release also decrease. For this reason, any 1-
day surface water concentrations are approximately equal. Both the overall magnitude of the release and
the number of days of release influence estimated concentrations. When the overall magnitude of the
release is reduced by a factor of two or four, the corresponding environmental concentration is also
reduced by approximately a factor of two or four. When the number of days are reduced by factor of two
or four, the corresponding environmental concentration is reduced, however, the trend is not linear and
depends on the number of days of release. This is due to uncertainty in the timing of the release days and
the selected averaging periods (21-days for surface water and 28 days for sediment). 21-day average
water concentrations and 28-day average sediment concentrations are more sensitive to changes in
release estimates. EPA inferred that the release days occur intermittently rather than continuously
through the year. The timing of these releases, in addition to the number of release days, influence
potential exposure concentrations. EPA also varied other parameters in its surface water modeling that
have a large impact of estimated results. The selected flow values for mean-flow or low flow are highly
sensitive. EPA used a central-tendency and a high-end estimate for each of these flow metrics. estimated
sediment concentrations are highly sensitive to the sediment half-life used; hence, EPA used central-
tendency and high-end estimates for sediment half-life in calculating sediment concentrations. Because
the percent removal of HBCD from different removal processes is likely variable, EPA also varied
percent removal expected based on three scenarios: on-site treatment (pre-treatment) [0%], on-site
wastewater treatment [75%], and off-site wastewater treatment plants [90%]. Some release estimates
already account for treatment while others do not. The efficiency of treatment across different industrial
facilities and different wastewater treatment plants will also vary.
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Table 2-59. Summary of HBCD Surface Water Concentrations from Sensitivity Analysis: Varying
Production Volume and Waste Water Treatment Removal— Environmental Exposures

Surface Water 1-Day
Average Concentration

Sediment
Production % WWTP Range (ug/L)
Volume Removal for Acute: Chronic: | 11-d half-life: | 128-d half-life:
SCENARIO NAME (Ibs / year) | Direct Releases® | 50 %-ile | 50™ %-ile 50™ %-ile 50™ %-ile
3.7E-02- | 3.0E-02 - 3.4E+01 - 7.7E+01 -
0,

Scenario 1. Import 100,000 0% 9.7E+00 | 9.4E-01 8.7E+02 2.0E+03
and Re-packaging/ 3.7E-02- | 1.8E-02- | 1.9E+01- 4.1E+01 -
1 . 0, M . . .
Processing: 50,000 90% 9.4E+00 | 5.0E-01 5 4E+02 1 2E+03

Repackaging of

Import Containers o 3.7E-02 - 8.8E-03 - 8.5E+00 - 1.9E+01 -
25,000 90% 1.0E+01 | 4.8E-01 3.0E+02 6.3E+02

8.0E-03- | 3.8E-04- 4.0E-01- 8.9E-01 -

o,

100,000 0% 20E+00 | 14E-01 | 8.9E+01 1.2E+02

) ) 750, 8.0E-03 - | 3.8E-04- 4.0E-01 - 8.9E-01 -
Scenario 3. Processing: ° 1.5E+00 7.1E-02 4.5E+01 6.0E+01
%ii‘:sfa:iz‘“;(‘gs"f XPS 0o 40E03- | 19E-04- | 2.0E-01- 44E-01 -
Man te;‘ba tfh 50.000 \ 1.5E+00 7.1E-02 4.5E+01 6.0E+01
’ - 4.0E-03- | 1.9E-04- 2.0E-01 - 4.4E-01 -

S 7.4E-01 3.6E-02 2.3E+01 3.0E+01

0% 2.0E-03- | 3.8E-04- 1.0E-01 - 2.2E-01 -

A ? 7.4E-01 1.4E-01 2.3E+01 3.0E+01

J 750, 9.5E-05- | 3.8E-04- 1.0E-01 - 2.2E-01 -

? 3.5E-02 7.1E-02 1.1E+01 1.5E+01
8.8E-01- | 2.9E-01 - 3 3E+02- 7.6E+02 -

0,

100,000 0% 1.1E+02 5.0E+00 5.5E+03 1.2E+04
750, 8.8E-01 - | 2.9E-01 - 3.3E+02 - 7.6E+02 -

S 05 ? 5.3E+01 2.6E+00 2.8E+03 6.2E+03
Pif)‘;zsr;’ng‘. b 44E-01- | 15E-01- | 1.7E+02- 3.8E+02 -
| 1.1E+02 5.0E+00 3.5E+03 6.9E+03
%ii‘::ffiff;rl‘;‘ng ‘;it]igs 50,000 9 44E01 - | 15E01- | 1.7E+02- 3.85+02 -
EPS Resin Bea‘(’ls 0 5.3E+01 2.5E+00 1.7E+03 3.4E+03
0% 22E-01- | 7.4E-02- 8.4E+01 - 1.9E+02 -

0 0 1.1E+02 5.0E+00 3.2E+03 4.9E+03
2 250, 22E-01- | 7.4E-02- 8.4E+01 - 1.9E+02 -

° 5.3E+01 2.5E+00 1.6E+03 2.5E+03

2 Note, there are no predicted direct releases for Scenario 1.
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2.3.8 Assumptions and Key Sources of Uncertainty in Environmental Exposure
Assessment

Concentrations of HBCD in environmental and biological media are expected to vary. Close proximity
to facilities and other sources is likely to lead to elevated concentrations compared to locations which
are more remote. A combination of monitoring data from the U.S. and international sources were used in
this exposure assessment. In addition, monitoring data were collected in previous years when production
volume and associated releases of HBCD into the environment are expected to have been higher than
they are currently and expected to be in the future. When considering older monitoring data and
monitoring data from international sources, there are uncertainties associated with using these data
because it is unknown whether those sampling sites are representative of current sites within the U.S.

In modeling environmental concentrations of HBCD, EPA acknowledges the conservative nature of the
E-FAST model and the additional refinement provided by the PSC model. Water dilution models can be
used to determine the concentration of a chemical in the surface water after a source emits the chemical
into a water body. Since the E-FAST model default values encompass either a combination of upper
percentile and mean exposure parametric values, or all upper percentile parametric values, the resulting
model predictions represent high-end exposures estimates. A simple dilution model, such as EFAST,
provides exposure estimates that are derived from a simple mass balance approach, and does not account
for partitioning between compartments within a surface water body or degradation over time in different
media, parameters which are relevant to HBCD. For these reasons, EPA utilized a two tier approach by
complementing the EFAST modeling with more refined estimates from the PSC model to further
describe environmental exposures.

When modeling using E-FAST, EPA assumed that primary treatment removal at POTWs occurred with
90% removal efficiency, however for direct discharges, EPA used 0% removal. EPA recognizes that this
is a conservative assumption that results in no removal of HBCD prior to release to surface water. This
assumption will give higher surface water and sediment concentrations compared to a removal
efficiency of 75 or 90% removal. This assumption reflects both the uncertainty of the type of wastewater
treatment that may be in use at a direct discharging facility and the HBCD removal efficiency in that
treatment. It is likely that under the COUs for HBCD, a facility’s wastewater discharge is required to
meet National Pollutant Discharge Elimination System (NPDES) discharge permit limits for total
suspended solids, five-day biochemical oxygen demand (BODs) and other wastewater treatment
parameters. Treatment methods used to meet the limits (such as activated sludge treatment) will likely
also remove HBCD from wastewater to an uncertain, but non-zero, extent due to the properties of
HBCD.

EPA used a combination of chemical-specific parameters and generic default parameters when
estimating surface water, sediment, soil, and fish-tissue concentrations. EPA used both central tendency
and high-end values across model inputs to characterize the variability within and across scenarios. EPA
also used central tendency and high-end model outputs. Comparison of model outputs with monitored
values offers one way to ground-truth the combination of model inputs and outputs used. EPA compared
monitoring and modeled surface water, sediment, soil, and fish-tissue concentration estimates. Estimates
of fish-tissue concentrations are further discussed in Section 2.4.2. In summary, EPA compared
monitored and modeled fish tissue concentrations using modeled 21-day average dissolved water
concentrations and low-end BAF values and found overlap and concordance between these values and
fish-tissue monitoring data. When modeling the HBCD concentrations in water and sediment, EPA did
not consider the potential impact of persistence and longer-term sinks in lake and estuary environments.
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Recent and future estimated levels of HBCD in the area may be lower than past levels due to reported
reductions in releases over time. EPA assessed more recent releases. The predicted concentrations may
be lower than concentrations that consider more years of releases or releases associated with higher
production volumes.

2.4 Human Exposures

2.4.1 Occupational Exposures
EPA assessed workplace exposures pertaining to the following HBCD conditions of use:
1. Processing: Repackaging of Import Containers
Processing: Compounding of Polystyrene Resin to Produce XPS Masterbatch
Processing: Manufacturing of XPS Foam using XPS Masterbatch
Processing: Manufacturing of XPS Foam using HBCD Powder
Processing: Manufacturing of EPS Foam from Imported EPS Resin Beads
Processing: Manufacturing of SIPs and Automobile Replacement Parts from EPS/XPS Foam
Use: Installation of Automobile Replacement Parts
Use: Installation of EPS/XPS Foam Insulation in Residential, Public and Commercial Buildings,
and Other Structures
9. Demolition and Disposal of EPS/XPS Foam Insulation Products in Residential, Public and
Commercial Buildings, and Other Structures
10. Processing: Recycling of EPS Foam
11. Processing: Formulation of Flux/Solder Pastes
12. Use of Flux/Solder Pastes

S A

Appendix F includes a crosswalk between the subcategories of use listed in the Problem Formulation
Document for Cyclic Aliphatic Bromide Cluster (HBCD) and the conditions of use assessed in this risk
evaluation.

Components of the Occupational Exposure Assessment
The occupational exposure of each condition of use comprises the following components:

1. Number of Workers and Occupational Non-Users: An estimate of the number of workers and
occupational non-users(-workers, who do not directly handle the chemical but perform work in
an area where the chemical is present) potentially exposed to the chemical for the given
condition of use.

2. Inhalation Exposure: Central tendency and high-end estimates of inhalation exposure to
workers and occupational non-users. Note EPA assumes that all inhaled particulates are absorbed
by either the lung or intestine after ingestion as further discussed in Section 4.2.1.

3. Dermal Exposure: Estimates of dermal exposure to workers.

The process descriptions and facility estimates are included in Section 2.3 for each condition of use.

24.1.1 Occupational Exposures Approach and Methodology

Number of Workers and ONUs

Where available, EPA prefers to use CDR data to provide a basis to estimate the number of workers and

occupational non-users (ONUs). However, all companies that have historically reported HBCD

manufacturing and importation to CDR have ceased such operations. In lieu of current CDR data, EPA
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used U.S. economic data to estimate the number of workers and ONUs using the following method:

1. Identify the North American Industry Classification System (NAICS) codes for the industry
sectors associated with each condition of use.

2. Estimate total employment by industry/occupation combination using the Bureau of Labor
Statistics’ Occupational Employment Statistics (OES) data (U.S. BLS, 2016).

3. Refine the OES estimates where they are not sufficiently granular by using the U.S. Census’
(2015) Statistics of U.S. Businesses (SUSB) data on total employment by 6-digit NAICS.

4. Estimate the number of potentially exposed employees per site.

5. Estimate the number of potentially exposed employees within the condition of use, using the
number of sites estimated as described in Section 2.2.1.

EPA discussed the estimation of HBCD throughput and number of sites in Section 2.2.1.

EPA’s General Approach to the Assessment of Inhalation Exposure

EPA will provide occupational exposure results representative of central tendency conditions and high-
end conditions. A central tendency is assumed to be representative of occupational exposures in the
center of the distribution for a given condition of use. For risk evaluation, EPA may use the 50th
percentile (median), mean (arithmetic or geometric), mode, or midpoint values of a distribution as
representative of the central tendency scenario. EPA’s preference is to provide the 50th percentile of the
distribution. However, if the full distribution is not known, EPA may assume that the mean, mode, or
midpoint of the distribution represents the central tendency depending on the statistics reported in the
data source for the distribution.

A high-end is assumed to be representative of occupational exposures that occur at probabilities above
the 90th percentile but below the exposure of the individual with the highest exposure (U.S. EPA, 1992).
For risk evaluation, EPA plans to provide high-end results at the 95th percentile. If the 95th percentile is
not available, EPA may use a different percentile greater than or equal to the 90th percentile but less
than or equal to the 99.9th percentile, depending on the statistics available for the distribution. If the full
distribution is not known and the preferred statistics are not available, EPA may estimate a maximum or
bounding estimate in lieu of the high-end.

Exposures are calculated from datasets, comprised of data from one or more sources, depending on the
size of the dataset. For datasets with six or more data points, central tendency and high-end exposures
were estimated using the 50th percentile and 95th percentile. For datasets with three to five data points,
central tendency exposure was calculated using the 50th percentile and the maximum was presented as
the high-end exposure estimate. For datasets with two data points, the midpoint was presented as a
midpoint value and the higher of the two values was presented as a higher value. Finally, data sets with
only one data point presented the value as a what-if exposure. EPA did not have discrete data points for
the discussed monitoring data in this section. Only statistical summaries of the data sets were available
and EPA did not combine or perform calculations with these reported statistics.

EPA follows the following hierarchy in selecting data and approaches for assessing inhalation
exposures:
1. Monitoring data:
a. Personal and directly applicable
b. Area and directly applicable
c. Personal and potentially applicable or similar
d. Area and potentially applicable or similar
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2. Modeling approaches:
a. Surrogate monitoring data
b. Fundamental modeling approaches
c. Statistical regression modeling approaches
3. Occupational exposure limits:
a. Company-specific occupational exposure limits (OELSs) (for site-specific exposure
assessments, e.g., there is only one processing site who provides to EPA their internal
OEL but does not provide monitoring data)
OSHA permissible exposure limit (PEL)
c. Voluntary limits (American Conference of Governmental Industrial Hygienists [ACGIH]
threshold limit value [TLV], NIOSH recommended exposure limit [REL], Occupational
Alliance for Risk Science [OARS] workplace environmental exposure level (WEEL)
[formerly by ATHA])

For occupational exposures, EPA used measured air concentrations, estimated air concentrations, or
occupational exposure limits to calculate exposure concentration metrics required for risk evaluation.
Specifically, EPA used these exposure concentration values to calculate acute exposure dose (AED) and
average daily dose (ADD). Additional explanation of the equations used to calculate AED and ADD,
and example calculations are located in Appendix E.4 and Appendix E.5, respectively. EPA then
multiplied the AED and ADD by the inhalation absorption factor of 100% (discussed in Section 3.2.2) to
estimate the acute absorbed dose (AAD) and chronic absorbed dose (CAD), respectively. The AED and
AAD are used to assess acute exposure risks. The ADD and CAD are used to assess chronic, non-cancer
risks. These calculations require additional parameter inputs, such as years of exposure, exposure
duration and frequency, and lifetime years.

For the final exposure result metrics, each of the input parameters (e.g., air concentrations, working
years, exposure frequency, lifetime years) may be a point estimate (i.e., a single descriptor or statistic,
such as central tendency or high-end) or a full distribution. EPA will consider three general approaches
for estimating the final exposure result metrics:

Deterministic calculations: EPA will use combinations of point estimates of each parameter to estimate a
central tendency and high-end for each final exposure metric result. EPA will document the method and
rationale for selecting parametric combinations to be representative of central tendency and high-end.

Probabilistic (stochastic) calculations: EPA will pursue Monte Carlo simulations using the full
distribution of each parameter to calculate a full distribution of the final exposure metric results and
selecting the 50th and 95th percentiles of this resulting distribution as the central tendency and high-end,
respectively.

Combination of deterministic and probabilistic calculations: EPA may have full distributions for some
parameters but point estimates of the remaining parameters. For example, EPA may pursue Monte Carlo
modeling to estimate exposure concentrations, but only have point estimates of working years of
exposure, exposure duration and frequency, and lifetime years. In this case, EPA will document the
approach and rationale for combining point estimates with distribution results for estimating central
tendency and high-end results.

EPA’s determination of each of the input parameters for calculation of AED and ADD are explained in
Appendix E.4.
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EPA assessed exposure to male and female workers including female workers of reproductive age of >
16 years to less than 50 years old. Adolescents greater than 16 to less than 21 years old are a small part
of the total workforce in the workplace.

EPA’s Approach to the Assessment of HBCD Inhalation Exposure

EPA reviewed monitoring data found in published literature (i.e., personal exposure monitoring data and
area monitoring data). EPA gathered and evaluated occupational exposure information according to the
process described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA, 2018a).
The key data source resulting from this process that was used to assess occupational exposure is the
European Union Risk Assessment Report (EURAR), which has an overall confidence rating of high.

The worker monitoring data that EPA reviewed include HBCD occupational inhalation exposure
monitoring data from industrial sites in Europe. These sites processed HBCD to produce XPS
masterbatch or XPS foam. EPA used these monitoring data to assess occupational inhalation exposures
for the following conditions of use: the compounding of polystyrene resin to produce XPS masterbatch,
the manufacturing of XPS foam using XPS masterbatch, and the manufacturing of XPS foam using
HBCD powder. EPA also used these monitoring data as surrogate data to assess occupational inhalation
exposures for the following conditions of use: repackaging of import containers, manufacturing of EPS
foam from EPS resin beads, manufacturing of SIPs and automobile replacement parts, installation of
XPS/EPS foam, recycling of EPS foam and reuse of XPS foam, and formulation of flux/solder. EPA
selected surrogate monitoring data based on similarity in processes and worker activities. The
approaches to the assessment of inhalation exposure for the conditions of use are summarized in Table

2-60.
Table 2-60. Summary of Inhalation Exposure Assessment Approaches
Relevant .- Approach to the Assessment of HBCD Potential Inhalation
Report Condition of Use .
. Exposure Concentrations
Section
Section Processing: Repackaging of EPA used HBCD inhalation exposure monitoring data pertaining
24.1.2 Import Containers to the manufacture of HBCD at sites in Europe.
Section Processing: Compounding of | EPA found monitoring data for this condition of use, however the
24.13 Polystyrene Resin to Produce | quality of this data is not adequate for this assessment because
XPS Masterbatch the grade of HBCD associated with this data is unknown and the
Section Processing: Manufacturing of type of sampling is either area sarnphng or is unknowg.
2415 XPS Foam usine HBCD Therefore, EPA assessed exposures using data and estimates
T Powder & reported in the EURAR (ECHA., 2008b). The values reported in
the EURAR were used by the EU for all polymer processing
operations involving standard grade HBCD.
Section Processing: Manufacturing of | EPA found and used monitoring data that are specific to this
2414 XPS Foam using XPS condition of use.
Masterbatch
Section Processing: Manufacturing of | EPA assessed exposure concentrations based on monitoring data
2.4.1.6 EPS Foam from Imported EPS | pertaining to a similar scenario. Specifically, EPA used HBCD
Resin Beads inhalation exposure monitoring data pertaining to the secondary
Section Processing: Manufacturing of processing of XPS boards at sites in Europe.
2.4.1.7 SIPs and Automobile
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Relevant .- Approach to the Assessment of HBCD Potential Inhalation
Report Condition of Use .
. Exposure Concentrations
Section
Replacement Parts from
XPS/EPS Foam
Section Use: Installation of XPS/EPS
24.1.9 Foam Insulation in Residential,
Public and Commercial
Buildings, and Other Structures
Section Demolition and Disposal of EPA assessed exposure concentrations using the Occupational
2.4.1.10 XPS/EPS Foam Insulation Safety and Health Administration (OSHA) permissible exposure
Products in Residential, Public |limit (PEL) for particulates not otherwise regulated (PNOR),
and Commercial Buildings, and |adjusted by the HBCD concentration in the particulates (i.e., in
Other Structures the EPS and XPS foam).
Section Processing: Recycling of EPS | EPA assessed exposure concentrations based on monitoring data

2.4.1.11 Foam and Reuse of XPS foam |pertaining to a similar scenario. Specifically, EPA used HBCD
potential inhalation exposure monitoring data pertaining to the
secondary processing of XPS boards at sites in Europe.

Section Processing: Formulation of EPA assessed exposure concentrations based on monitoring data
24.1.12 |Flux/Solder pertaining to a similar scenario. Specifically, EPA used the
estimated values reported in the EURAR that pertain to all
polymer processing operations involving standard grade HBCD,
due to similarity in HBCD unloading processes.

Section Use: Installation of Automobile | EPA does not expect these conditions of use to result in the
2.4.1.8 Replacement Parts generation of dust, hence EPA does not estimate inhalation
Section Use of Flux/Solder Pastes CXPOSUTES.

2.4.1.13

Specific details related to the use of monitoring data for each condition of use are described below.
Monitoring data were selected based on overall confidence score and relevance to the occupational
exposure scenario. For each condition of use, monitoring data were used to calculate chronic exposures.
Equations and sample calculations for chronic exposures can be found in Appendix E.4 and Appendix
E.5, respectively. Exposure monitoring data were available for fine grade HBCD, standard grade HBCD,
and HBCD granules (refer to Section 2.2.2 for additional information on these physical forms). EPA
only assessed the handling of standard grade and granular HBCD, as these are the physical forms
expected to be used for the assessed conditions of use (NICNAS, 2012b; ECHA, 2008b).

EPA did not distinguish between respirable and inhalable particulates in this assessment. Respirable
particles are estimated to be those that are less than 10 pm. Respirable particulates are able to travel into
the deep lung. EPA assumes that any particles inhaled in the respirable range deposit into the deep lung,
where they are absorbed. Inhalable particulates are those that are less than 100 pm. Inhalable particles
that are not in the respirable range do not travel into the deep lung, but deposit in the upper respiratory
tract, where they can be swallowed. EPA assumes that all inhaled particles that are not respirable are
deposited in the upper respiratory tract. The European Union Risk Assessment Report (EURAR)
assumes that 100% of particulates deposited in the upper respiratory tract are swallowed (ECHA
2008b). EPA makes this same assumption. Thus, EPA assumes that all inhaled particulates are either
absorbed in the lung or in the intestine after ingestion as further discussed in Section 4.2.1. Because of
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this assumption, EPA does not distinguish between respirable and inhalable particles in the subsequent
inhalation exposure sections of this report.

EPA expects potential inhalation exposure to occupational non-users (ONUs), but EPA did not quantify
these exposures due to lack of data. ONUs are workers that do not directly work with HBCD but work in
or near areas where HBCD is handled or processed, such as supervisors. EPA expects that dust that is
generated during worker activities may be transported via indoor air or ambient air currents to locations
in which ONUs are present. EPA expects these potential exposures to be lower than the potential
exposures of the workers whose activities generated the dust because the dust dilutes as it transports
through indoor or ambient air. The lower HBCD air concentration to which ONUs are potentially
exposed would result in lower risk for ONUs as compared to workers, with regards to inhalation
exposure.

General Dermal Exposures Approach and Methodology

EPA estimated worker dermal exposures using the EPA/OPPT Direct 2-Hand Dermal Contact with
Solids Model for the repackaging of import containers, compounding of polystyrene to produce XPS
masterbatch, manufacturing of XPS foam using XPS masterbatch, manufacturing of XPS foam using
HBCD powder, and formulation of flux/solder pastes (Sections 2.4.1.2 through 2.4.1.5 and2.4.1.12).
This model determines a dermal potential dose rate based on an assumed quantity of solids on skin
during one contact event per day. Specifically, the model estimates that there are 3,100 mg of chemical
on workers’ skin per contact event with the solid chemical (U.S. EPA, 2013a). EPA estimated worker
dermal exposures for the use of solder/flux pastes (Section 2.2.13) using the EPA/OPPT Direct 2-Hand
Dermal Contact with Container Surfaces (Solids) Model. Similarly, this model determines a dermal
potential dose rate based on an assumed quantity of solids on skin during one contact event per day,
using a smaller quantity of 1,110 mg of chemical on workers’ skin per contact event with the solid
chemical (U.S. EPA, 2013a). These models are routinely used by RAD for engineering assessments
(U.S. EPA, 2013a). EPA does not expect dermal exposure for the remaining conditions of use because
HBCD is entrained in the EPS and XPS foam (those in Section 2.4.1.6 through 2.4.1.11).

Both models assume a single contact event per day and that the amount of solid on the skin is not
expected to be significantly reduced by wiping from the skin or increased from repeated contact with the
chemical (i.e., wiping excess solids from the skin does not remove a significant fraction of the small
layer of chemical adhering to the skin and additional contacts with the chemical do not add a significant
fraction to the layer). EPA calculated the potential dose for a worker with no dermal protection by
multiplying the quantity of solids on the skin by the weight fraction of HBCD in the solids and the
frequency of exposure events.

In this risk evaluation, EPA provides comparison of the potential worker dermal dose rates calculated by
EPA and those estimated in the EURAR (ECHA, 2008b) and Australian Risk Assessment (NICNAS
2012b). The EURAR and NICNAS both estimate potential dermal exposures using the Estimation and
Assessment of Substance Exposure (EASE) model. The EASE model was developed by the UK Health
and Safety Executive with the Health and Safety Laboratory. It predicts expected dermal exposures for a
wide range of substances and scenarios using situational information related to the chemical (Tickner et
al., 2005).

For occupational exposures, EPA used the potential dermal dose rate estimated as described above to
calculate exposure concentration metrics required for risk assessment. Specifically, EPA used the
potential dermal dose rates and dermal absorption factor of 6.5% (discussed later in Section 3.2.2) to
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estimate the AAD and CAD, the AAD calculation entails the multiplication of the dermal potential dose
rate by the dermal absorption factor, which is then divided by body weight. The CAD calculation is the
same, with the additional multiplication of exposure frequency and working years, followed by division
of the averaging time. The values used for body weight, exposure frequency, working years, and
averaging time are explained in Appendix E.4. The AAD is used to assess acute exposure risks. The
CAD is used to assess chronic risks.

Occupational non-users are workers that do not directly work with HBCD and thus would not perform
activities that would require dermal contact with HBCD. However, it is possible that ONUs may be
unintentionally exposed through dermal contact with surfaces where HBCD dust has settled. EPA did
not quantify these exposures due to lack of data. EPA expects that dermal exposures may be much less
likely for this population.

Consideration of Engineering Controls and Personal Protective Equipment

OSHA and NIOSH recommend employers utilize the hierarchy of controls to address hazardous
exposures in the workplace. The hierarchy of controls strategy outlines, in descending order of priority, the
use of elimination, substitution, engineering controls, administrative controls, and lastly personal protective
equipment (PPE). The hierarchy of controls prioritizes the most effective measures first which is to
eliminate or substitute the harmful chemical (e.g., use a different process, substitute with a less
hazardous material), thereby preventing or reducing exposure potential. Following elimination and
substitution, the hierarchy recommends engineering controls to isolate employees from the hazard,
followed by administrative controls, or changes in work practices to reduce exposure potential(e.g.,
source enclosure, local exhaust ventilation systems). Administrative controls are policies and procedures
instituted and overseen by the employer to protect worker exposures. As the last means of control, the
use of personal protective equipment(e.g., respirators, gloves) is recommended, when the other control
measures cannot reduce workplace exposure to an acceptable level.

Respiratory Protection

OSHA'’s Respiratory Protection Standard (29 CFR § 1910.134) requires employers in certain industries
to address workplace hazards by implementing engineering control measures and, if these are not
feasible, provide respirators that are applicable and suitable for the purpose intended. Respirator
selection provisions are provided in § 1910.134(d) and require that appropriate respirators are selected
based on the respiratory hazard(s) to which the worker will be exposed and workplace and user factors
that affect respirator performance and reliability. Assigned protection factors (APFs) are provided in
Table 1 under § 1910.134(d)(3)(1)(A) (see below in Table 2-61.) and refer to the level of respiratory
protection that a respirator or class of respirators is expected to provide to employees when the employer
implements a continuing, effective respiratory protection program.

There are no OSHA or NIOSH exposure limits for the HBCD cluster: (CAS #s: 25637-99-4; 3194-55-6;
3194-57-8), however, HBCD is handled in a powdered form with mean particle size ranges from 20 to
150 um. There is the potential for generation of airborne HBCD dust during different worker activities.
Employers should first consider elimination, substitution, engineering, and administrative controls to
reduce exposure potential and, if exposures still present workplace, employers are required to institute a
respiratory protection program and provide employees with NIOSH-certified respirators. Where other
hazardous agents could exist in addition to HBCD, consideration of combination cartridges would be
necessary. Table 2-61 can be used as a guide to show the protectiveness of each category of respirator;
EPA took this information into consideration as discussed in Section 4.2.2. Based on the APF, inhalation
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exposures may be reduced by a factor of 5 to 10,000, assuming workers and occupational non-users are
complying with their employer’s respiratory protection program.

Table 2-61. Assigned Protection Factors for Respirators in OSHA Standard 29 CFR § 1910.134

Type of Respirator Q;;Etlfr Half Mask Fafel;l;ece H}e;lor:)lgt/ E(t)t(;;(jg
Facepiece

1. Air-Purifying Respirator 5 10 50 - -
2. Power Air-Purifying Respirator (PAPR) - 50 1,000 25/1,000 25
3. Supplied-Air Respirator (SAR) or Airline Respirator

e Demand mode - 10 50 - -

e Continuous flow mode - 50 1,000 25/1,000 25

e Pressure-demand or other positive- ) 50 1,000 ) )

pressure mode

4. Self-Contained Breathing Apparatus (SCBA)

e Demand mode - 10 50 50 -
e Pressure-demand or other positive-
pressure mode (e.g., open/closed - - 10,000 10,000 -
circuit)

Source: 1910.134(d)(3)(i)(A)

Dermal Protection

The Hand Protection section of OSHA’s Personal Protective Equipment Standard (29 CFR §
1910.138(b)) requires employers to select and require workers to wear gloves to prevent exposure to
harmful substances. As with respirators, gloves are used to prevent employee exposures to hazards.
Employers base selection of gloves on the type of hazard encountered, conditions during use, tasks
performed and factors that affect performance and wear ability. Gloves, if proven impervious to the
hazardous chemical, and if worn on clean hands and replaced when contaminated or compromised, are
expected to provide employees with protection from hazardous substances. HBCD is a solid particulate
and would not be expected to permeate through gloves. Some examples of impervious gloves are nitrile,
butyl rubber, polyvinyl chloride, and polychloroprene.

EPA reviewed safety data sheets (SDSs) for HBCD powder, EPS resin beads containing HBCD, and
XPS and EPS foam containing HBCD. EPA did not find any SDSs for XPS masterbatch containing
HBCD.

The conditions of use in this risk evaluation in which workers may handle HBCD powder include
Processing: Repackaging of Import Containers, Processing: Compounding of Polystyrene Resin to
Produce XPS Masterbatch, Processing: Manufacturing of XPS Foam using HBCD Powder, and
Processing: Formulation of Flux/Solder Pastes. For HBCD powder, an SDS from Great Lakes Chemical
Corporation (Great Lakes Chemical, 2003) recommended the use of neoprene gloves and an SDS from
Santa Cruz Biotechnology Company, Inc. (Santa Cruz Biotechnology, 2009) recommended the use of
gloves made of polychloroprene, nitrile rubber, butyl rubber, Viton, or polyvinyl chloride.
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The conditions of use in this risk evaluation in which workers may handle XPS or EPS foam containing
HBCD include: Processing: Manufacturing of XPS Foam using XPS Masterbatch, Processing:
Manufacturing of XPS Foam using HBCD Powder, Processing: Manufacturing of EPS Foam from
Imported EPS Resin Beads, Processing: Manufacturing of SIPs and Automobile Replacement Parts from
XPS/EPS Foam, Installation of EPS/XPS Foam Insulation in Residential, Public and Commercial
Buildings, and Other Structures, Demolition of EPS/XPS Foam Insulation in Residential, Public and
Commercial Buildings, and Other Structures, and Recycling of EPS Foam. EPA reviewed seven SDSs
for XPS and EPS foam products containing HBCD. All of the reviewed SDSs recommend suitable or
appropriate gloves and, in some cases, gloves to protect from mechanical injury. The SDSs do not
recommend specific glove materials (Dow Chemical Pacific, 2018; DiversiFoam, 2015; Insulfoam a
Division of Carlisle Construction, 2015; Multi-Panels, 2015; O. D. E. . 2013; Airlite Plastics Co dba
Fox, 2008; A. C. H. Foam Technologies, 2007).

During Processing: Manufacturing of EPS Foam from Imported EPS Resin Beads, workers may handle
EPS resin beads containing HBCD. An SDS from BASF recommends the use of non-static gloves, such
as leather gloves, when handling EPS resin beads containing HBCD (Corporation, 2015). Note that, as
indicated in Section 1.2.2, BASF has ceased the use of HBCD. EPA did not find additional glove
material recommendations.

During Use of Flux/Solder Pastes, workers may handle flux/ solder paste formulations containing
HBCD. SDSs from Henkel and Kester recommend the use of nitrile rubber gloves (Henkel, 2016;
Kester, 2015). The SDS from Kester also recommends the use of natural rubber gloves.

24.1.2 Processing: Repackaging of Import Containers
During repackaging there is potential for worker inhalation exposure to HBCD dust during the
unloading of HBCD powder or granules from original import containers and transferring into an
intermediate storage vessel or directly into new containers. Because of the larger particle size of the
granules, inhalation exposure to dust during unloading of granules is expected to be lower than that from
unloading powders (NICNAS, 2012b; ECHA, 2008b). Generated dust may become airborne, resulting in
potential inhalation and dermal exposure for nearby workers that do not directly work with the HBCD,
also referred to as occupational non-users (ONUs).

Worker inhalation and dermal exposure during the unloading of imported EPS resin beads is not
expected due to the larger size of the beads and because HBCD is entrained within the polymeric matrix
of the EPS resin beads (NICNAS, 2012b; ECHA, 2008b).

Number of Potentially Exposed Workers and Occupational Non-Users

As discussed in Section 2.2.1, EPA developed release and exposure estimates for repackaging of import
containers at a single site. Of the five submitters to 2016 CDR, four submitters estimate that fewer than
10 workers are potentially exposed to HBCD, while the fifth submitter estimated that at least 10 but
fewer than 25 workers are potentially exposed to HBCD. However, the companies that previously
reported HBCD import volumes to 2016 CDR have stated to EPA that they permanently stopped the
activity in 2016 or 2017. Thus, in lieu of using this CDR data from companies that discontinued use of
HBCD, EPA estimated the number of workers potentially exposed using Bureau of Labor Statistics
(BLS) data.
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Based on BLS data for NAICS code 493100, Warehousing and Storage, and related Standard
Occupational Classification (SOC) codes, there are on average an estimated three workers and one ONU
per site at warehousing and storage facilities. Based on these BLS data and one site for the repackaging
of import containers, EPA estimated that a total of three workers and one ONU are potentially exposed
during this condition of use.

Inhalation Exposure Assessment

EPA did not find inhalation monitoring data for the repackaging of HBCD in the reviewed literature.
EPA reviewed inhalation monitoring data for the manufacturing of HBCD for applicability to this
condition of use. HBCD occupational inhalation exposure monitoring data sampled during the
manufacture of HBCD at multiple sites in Europe are shown in Table 2-62 (also listed in Appendix E,
Table Apx E-2.) below.
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Table 2-62. Inhalation Monitoring Data for Manufacturing of HBCD

Worker Exposure Number | Sample Time / Overall
Data Source/Study * Condition of Use Form of HBCD | Type of Act1v1t§.f °" | Concentration of Type of Source ¢ | Confidence
Handled Sample Sampling 3 b ]
. (mg/m°) Samples | Measurement Rating
Location
Inhalation Monitoring Data Used to Estimate Worker Exposures
Packaging, .
Personal compaction, I\I>I/Ieedaig;1'l O2 29 (ECHA
Searl and Robertson Manufacturing of Standard grade Breathin process 90th erc'en'tile' 10 3-hr TWA 2008b) Hich
(2005) — 1a HBCD HBCD & operations, and P ’ (ECHA &
Zone Lo 1.89
working in the . 3 2009b)
Max: 3 mg/m
warehouse
Other Inhalation Monitoring Data for the Manufacturing of HBCD
Packaging,
compaction,
. . Personal Mean: 23
Searl and Robertson Manufacturing of Fine grade . process i (ECHA .
(2005) - 1b HBCD HBCD Breathing operations, and 90th percentile: 4 8-hr TWA 2008b) High
Zone Lo 35 —
working in the
warehouse
Packaging and Respirable,
Searl and Robertson Manufacturing of HBCD of NR com agc ti(g)n of mean: 0.18 NR NR (ECHA Hish
(2005) - 1c HBCD unknown grade p Inhalable, 2009¢c) &
powders ]
Mean: 1.23
Waindzioch (2000) - Manufacturing of HBCD of 0.00028 - (ECHA
la HBCD unknown grade Area Reactor 0.0285 3 Short-term 2008b) Unacceptable
Waindzioch (2000) — Manufacturing of HBCD of o . (EC .
b HBCD unknown grade Area Filling Station | 0.0094 - 0.097 2 Short-term 2008b) High
. . Manufacturing of HBCD of Bagging (ECHA .
Biesemeier (1996) HBCD unknown grade NR HBCD product 4.0-45 NR NR 2008b) High
Transfer of the (Velsicol
Manufacturing of HBCD of Personal HBCD in the Chem
Velsicol (1978) & Breathing . 1.9 1 300 minutes P High
HBCD unknown grade hammer-mill to Corp,
Zone
28 drums 1978)
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Worker

. . Exposure Number | Sample Time / Overall
Data Source/Study * Condition of Use Forll_llla(:lfdll?;CD g:gle (l)ef 1;;?:‘2&“ Concentration of Type of Source ¢ | Confidence
P Loczll)tiof (mg/m®) P Samples | Measurement Rating
. Personal .
. Manufacturing of HBCD of . (Yietal. .
Yietal. (2016) HBCD unknown grade Br;e(l)trllléng NR 0.0102 - 0.0283 14 NR 2016) High

NR = Not Reported; N/A = Not Applicable
a — Where multiple datasets were available from one literature source, EPA distinguished data as 1a, 1b, 2a, 2b, etc.
b - Statistics were calculated by the cited source and are presented here as they were presented in the source.
¢ — Where information is presented in multiple sources all sources are listed. Information was not combined from these sources but was presented in all sources

independently.
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EPA did not use the Waindzioch (2000) (noted as 1a in Table 2-62. Inhalation Monitoring Data for
Manufacturing of HBCD) data for samples taken near an HBCD reactor because the overall confidence
rating is unacceptable.

The remaining data in Table 2-62 have an overall confidence rating of high. EPA selected the data from
Searl and Robertson (2005) (1)a to estimate worker inhalation exposures to HBCD during repackaging
of HBCD for the following reasons:
e These monitoring data are 8-hr TWA measurements.
e These monitoring data are personal breathing zone monitoring data, which are the preferred type
of monitoring data for the assessment of worker exposures as explained in Section 2.4.1.1.
e These monitoring data pertain to standard grade HBCD and this grade of HBCD is associated
with the condition of use as discussed in Section 2.2.2
e These monitoring data pertain to workers involved in packaging, compaction, process operations,
and working in the warehouse. The condition of use of repackaging of import containers includes
the worker activities of packaging of HBCD and working in warehouses.

Based on this rationale, EPA used the median value from Searl and Robertson (2005) (1a in Table 2-62.
Inhalation Monitoring Data for Manufacturing of HBCD), 0.89 mg/m?, as the central tendency and the
90" percentile value, 1.89 mg/m>, as the high-end exposure for repackaging. The EURAR also estimated
potential worker exposures during the manufacturing of HBCD using this data. Specifically, the
EURAR estimated a “reasonable worst-case” worker exposure concentration to be equal to the 90™
percentile presented in Searl and Robertson (2005) (1a in Table 2-62. Inhalation Monitoring Data for
Manufacturing of HBCD) (1.89 mg/m?) and assumed a “typical” exposure concentration of half of this
value (0.95 mg/m?), stating that workers do not typically spend a full day working with HBCD, so the
exposure is expected to be a fraction of the 90" percentile 8-hour TWA value (ECHA. 2008b). The
“reasonable worst-case” value calculated by the EURAR and the high-end (90" percentile) value used
by EPA for this condition of use are the same. The “typical” value of 0.95 mg/m? estimated by the
EURAR and the central tendency (median) value of 0.89 mg/m? used by EPA for this condition of use
are very similar in value. EPA prefers the use of the median value reported for this data over the method
used by the EURAR, as the median value is still representative of full-shift worker exposure and
consistent with the approach for use of occupational exposure data described in Section 2.4.1.1.

In addition to the monitoring data for the manufacturing of HBCD, EPA also considered monitoring data
for the handling of HBCD during other conditions of use. Monitoring data for worker handling of
HBCD with an overall confidence rating of high and meeting the criteria above (8-hour TWA, personal
breathing zone, and HBCD standard grade power, granules, or containing HBCD) were available in
studies by Thomsen (2007) and Searl and Robertson (2005) (noted as 2a-d in Table 2-63. in Section
2.4.1.3). However, EPA did not use these data in the assessment for the following reasons:

e The data from Thomsen (2007) (1a and 1b in Table 2-63.) are reflective of operations that are
specific to the manufacturing of XPS foam containing HBCD and are not likely to be applicable
to worker activities at importation and repackaging sites.

e The data from Searl and Robertson (2005) (2a-d in Table 2-63.) are for workers that add HBCD
into a process, which may be applicable to workers at repackaging sites; however, the data from
Searl and Robertson (2005) (1a in Table 2-62. Inhalation Monitoring Data for Manufacturing of
HBCD) for the manufacturing of HBCD include a wider variety of worker activities that may
occur at repackaging sites (i.e., packaging and working in warehouses).

e EPA notes that the data from Thomsen (2007) (1a and 1b in Table 2-63.) and Searl and
Robertson (2005) (2a-d in Table 2-63.) indicate a range of worker inhalation exposure
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concentration of 0.0002 to 3.36 mg HBCD/m?; the values used by EPA from Searl and
Robertson (2005) (1a in Table 2-62) of 0.89 mg/m? (central tendency — median) and 1.89 mg/m?
(high-end — 90" percentile) fall within this range.

A major uncertainty of EPA’s assessment is that details of the packaging at the European HBCD
manufacturing sites, including the packaging method and engineering controls, are not available and
cannot be compared to the details of repackaging that would occur in the U.S. and hence, the HBCD
exposure concentrations at manufacturing sites in Europe may not be representative of those at U.S.
sites. However, due to the lack of reasonably available information and because of the similarities in
worker activities, EPA believes this surrogate data is sufficient. The quality of the data was assessed
through EPA’s systematic review process and evaluated on the credibility of the source, transparency of
the data, and applicability of the data. The monitoring data was rated an overall confidence rating of
high.

The exposure frequency for this condition of use is a range of 29 to 250 days/year. As discussed in
Section 2.2.2, EPA estimated days of release at a repackaging site as a range from 29 to 300 days/year.
EPA expects this range of release days is also reflective of the operating days during which HBCD is
repackaged at an importation site and workers are potentially exposed to HBCD. However, EPA does
not expect that workers will be exposed greater than 250 day/year, accounting for a worker schedule of
five days per week and 50 weeks per year. EPA used the midpoint of this range of exposure frequency,
rounded up where the midpoint resulted in fractions of days, to calculate central tendency average daily
dose. EPA used the high-end of this range of exposure frequency to calculate high-end average daily
dose. Additionally, EPA estimated worker exposure over the full working day, or eight hours/day, as the
data used to estimate inhalation exposures are 8-hour time-weighted average (TWA) data.

Dermal Exposure Assessment

Using the EPA/OPPT Direct 2-Hand Dermal Contact with Solids Model, which is described in Section
2.4.1.1. and assuming two-hand contact to solids containing 100% HBCD, EPA calculated the potential
dose for a worker to be 3,100 mg HBCD/day (U.S. EPA, b).

The EURAR estimated dermal exposure during manufacturing of HBCD (importation and repackaging
was not included in the EURAR) using EASE model. The EURAR estimated an exposure to standard
grade HBCD powder of 1 mg/cm?-day. This translates into a dose of 1,070 mg/day, using EPA’s two-
hand surface area of 1,070 cm?. The NICNAS report estimated dermal exposure during importation and
repackaging to standard grade HBCD powder of 0.1 to 1 mg/cm?-day using the EASE model. Using
EPA’s two-hand surface area, this results in a dose of 107 to 1,070 mg/day.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed air concentrations presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
exposure air concentration. The major uncertainty of the assessment is the extent to which the
monitoring data represents occupational inhalation exposure air concentrations pertaining to workers in
the U.S. The strength of the assessment is the quality of the data and the limitation of the assessment is
the uncertainty in the assessment results. Based on this strength and limitation, EPA has medium
confidence in the assessed occupational inhalation exposure air concentrations.
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24.1.3 Processing: Compounding of Polystyrene Resin to Produce XPS Masterbatch
Workers are expected to manually unload and transfer HBCD powder or granules into hoppers or other
equipment used to feed the HBCD into XPS masterbatch mixing equipment. This manual transfer may
result in worker inhalation exposure to HBCD dust and dermal exposure to solid HBCD. Additionally,
the generated dust from these transfer activities may result in ONU inhalation and dermal exposure to
HBCD.

Workers may also be potentially exposed from occasional cleaning of process equipment and loading of
XPS masterbatch into packages, if these activities are manual.

Number of Potentially Exposed Workers and Occupational Non-Users

As discussed in Section 2.2.3, EPA developed exposure estimates for one site for this condition of use.
The two submissions in 2016 CDR that identify the industrial sector as “plastic material and resin
manufacturing” each estimate that at least 50 but fewer than 100 workers are potentially exposed to
HBCD. However, the companies that previously reported HBCD import volumes to CDR have stated to
EPA that they permanently stopped the activity in 2016 or 2017. Thus, in lieu of using this CDR data
from companies that discontinued use of HBCD, EPA estimated the number of workers potentially
exposed using Bureau of Labor Statistics (BLS) data.

Based on data from the Bureau of Labor Statistics (BLS) for NAICS code 325991, Custom
Compounding of Purchased Resins, and related Standard Occupational Classification (SOC) codes,
there are on average an estimated 20 workers and 7 ONUs per site at custom compounding facilities.
Based on these data and one modeled site for the production of XPS masterbatch, EPA estimated that a
total of 20 workers and 7 ONUs are potentially exposed during this condition of use.

Occupational Exposure Assessment

Inhalation Exposure Assessment

The data from Searle and Robertson (2005) (noted as 3a-d of Table 2-63) present HBCD occupational
inhalation exposure monitoring data pertaining to the compounding of polystyrene resin and production
of XPS masterbatch at sites in Europe. The grade of HBCD associated with this exposure monitoring
was not reported and the type of sample (personal breathing zone or area) was not reported for half of
these data (Searle and Robertson (2005) — 3c-d are unknown sample types). Due to these uncertainties,
EPA did not use these data to estimate exposure.
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Table 2-63. Summary of Inhalation Monitoring Data for Handling of HBCD

Literature o Form of Type of Worker Activity or Exposure Concentration NP eaulguing c aEll
Study ® Condition of Use HBCD Sample i e Lo (mg/m?) ® of Type of Source Confidence
Handled Samples | Measurement Rating
Inhalation Monitoring Data Used to Estimate Worker Exposures (both in this risk evaluation and the EURAR)
Searl and Standard Manual addition of HBCD Range: 2.89-21.5 (NICNAS
Robertson Manufacturing of rade Personal powder to reactor each Mean: 7.2 12 Short-term (13 to| 2012b); Hish
(2005) - 2a EPS Resin beads I%BCD time a batch of EPS resin Median: 5.52 56 mins) (ECHA &
was produced 90th percentile: 10.5 2008b)
Range: 0.12-3.36
Searl and Standard Manual addition of HBCD Mean: 1 8_3;:6\)\;2 g_?:;te (NICNAS
Robertson | Manufacturing of rade Personal powder to reactor each Median: 0.42 12 TWA values of 2012b); Hish
(2005) — EPS Resin beads I—%B D time a batch of EPS resin 90th percentile: 1.11 the data in the (ECHA &
2b was produced (NICNAS. 2012b); 1.3 above row 2008b)
(ECHA, 2008b)
Searl and Manual addition of HBCD Range: 0.07-14.7 8-hr TWA (NICNAS
. Standard ) (ECHA, 2008b); -
Robertson | Manufacturing of ade Personal powder to reactor each Mean: 1.2 18 Full-Shift 2012b); Hich
(2005)— | EPS Resin beads & time a batch of EPS resin Median: 0.27 (ECHA £
HBCD . (NICNAS
2c was produced 90th percentile: 1.10 2008b)
2012b)
Weighing powder prior to
aiimon ere weigh dH aBrf(:iD Range: 4.35-12.1 8-hr TWA
Searl and £8 WeTe WeIghe Mean: 7.2 (NICNAS
. Standard opened concurrently, or . (ECHA, 2008b); -
Robertson | Manufacturing of . . . Median: 6.19 X 2012b); .
. grade Personal | weighed in advance, in o 4 Full Shift High
(2005) — EPS Resin beads . 90th percentile: 10.5 (ECHA
HBCD which case HBCD was (NICNAS
2d transferred from 25-k (NIENAS. 2012b); 10.6 2012b) 2008b)
; 122K (ECHA. 2008b); SR
sacks using plastic scoop
(full-shift measurement).
Other Inhalation Monitoring Data for Handling of HBCD
Compounding of
Searl and | Polystyrene resin to | HBCD of Max 7.5 (for 2 hours) (ECHA
L .. Mean: 1.89 2008b) .
Robertson produce XPS unknown Area Weighing and mixing L 10 Short-term High
Median: 0.83 (ECHA
(2005) - 3a Masterbatch grade 90th percentile: 5.4 2009b)
containing HBCD p T B
Searl and Compoundlng of | HBCD of o o Mean: 0.88 (ECHA '
Robertson | Polystyrene resin to | unknown Area Weighing and mixing 90th percentile: 1.36 10 8-hr TWA 2008b) High
(2005)-3b|  produce XPS grade p o £000
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Literature o Form of Type of Worker Activity or Exposure Concentration Number | Sample Time / c Overall
Study * Condition of Use HBCD Sample Sampling Location (mg/m?) ® of Type of Source Confidence
Handled Samples | Measurement Rating
Masterbatch
containing HBCD
Compoundlng of - (ECHA
Searl and | Polystyrene resin to | HBCD of Mean: 0.12 2008b)
Robertson produce XPS unknown NR Extruder Median: 0.10 4 5 hours (EﬁA High
(2005) - 3¢ Masterbatch grade 90th percentile: 0.16 2009b)
containing HBCD =
Compounding of
Searl and | Polystyrene resin to | HBCD of .
Robertson produce XPS unknown NR AutomaEngagldhng of Negligible 3 NR (;: ()C()lgg High
(2005) - 3d Masterbatch grade I
containing HBCD
Range 0.24 - 1.6
Manufacture of Standard i
Abbott XPS from HBCD grade Area At the feed deck near Mean: 0:66 16 (10 3-hr TWA (ECHA High
(2001) - 1a typical operator positions 90th percentile: 1.45 ND) 2008b)
powder or granules HBCD .
(excluding 10 ND samples)
Activities in the mixer (ECHA
Abbott Manufacture of HBCD Personal | area, including operating a Range: 0.0002-0.0009 2008b)
XPS from HBCD | powder and | breathing | closed automated process Mean: 0.0005 6 8-hr TWA e High
(2001) - 1b . . . (NICNAS
powder or granules | granules zone | excluding potential contact Median: 0.0005 2012b)
with neat HBCD —
Weighing and addition of
Thomsen Manufacture of HBCD Personal H}:li)]zetoug:':[ r;:;:}tl?; and Range: 0.001-0.15 (E OCOI;bA)
XPS from HBCD | powder and | breathing psequ ashing, Mean: 0.015 24 8-hr TWA TRy High
(2007) - 1a der or eranul - zon centrifugation, sifting, and Median: 0.0027 (NICNAS
powder ot granuies | granuies O | transfer of product to a silo ¢ T 2012b)
container
Mostly
Manufacture of area and Range 0.005-0.9
Thomsen XPS from HBCD HBCD some Feed deck near typical Mean: 0.24 43 (16 60 — 1435 (ECHA Hich
(2007) - 1b owder or eranules granules | personal operator positions 90th percentile: 0.47 ND) minutes 2008b) &
P &t breathing (excluding 16 ND samples)
zone
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Literature o Form of Type of Worker Activity or Exposure Concentration Number | Sample Time / c Overall
Study * Condition of Use HBCD Sample Sampling Location (mg/m?) ¥ of Type of Source Confidence
Handled Samples | Measurement Rating
Searl and Manufacture of - .
HBCD Logistics, extruding, and Mean: 0.00003 (ECHA .
i(zooboesr;s_ozl p)éfvig%r:g?igg s granules Area laboratory 90th percentile: 0.00004 12 8-hr TWA 2008b) High
Respirable .. .
. Addition of HBCDD to Respirable dust: <0.5
Ra(trllz‘t;(;t)y n g;guézzgﬁrgﬁ (?Sf Inll?;lztble Personal | reactor or the supervising Total Inhalable dust: 2.0 5 Max 8-hr TWA (g ()COI;%IS High
Dust of the addition. Not specific to HBCD —
. . N/A -
NICcNAs | Allindustrial - Standard | Modelled | 4 43104 of HBCD into Typical: 2 to 5 this is a (NICNAS .
polymer processing grade with . “ . 8-hr TWA High
(2012) - 1a sites ¢ HBCD EASE process operation Worst-case”: 5 to 50 modelled 2012b)
exposure
HBCD importation / N/A -
repackaging sites Modelled | Repackaging with the use . .
NICNAS HBCD Typical: 0.2 to 0.5 this is a (NICNAS
and all industrial with of LEV (typical) and « D o 8-hr TWA High
(2012) - 1b . granules . Worst-case”: 0.5 to 5 modelled 2012b)
polymer processing EASE | without LEV (worst-case) exposure

sites ¢

NR = Not Reported; N/A = Not Applicable
a — Where multiple datasets were available from one literature source, EPA distinguished data as 1a, 1b, 2a, 2b, etc.
b - Statistics were calculated by the cited source and are presented here as they were presented in the source.

¢ — Where information is presented in multiple sources all sources are listed. Information was not combined from these sources but was presented in all sources independently.
d - Per NICNAS (2012Db), this includes EPA’s conditions of use for Processing: Compounding of Polystyrene Resin to Product XPS Masterbatch, Processing: Manufacturing of
XPS Foam using XPS Masterbatch, Processing: Manufacturing of XPS Foam using HBCD Powder, and Processing: Manufacturing of EPS Foam from Imported EPS Resin

Beads.
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In addition to Searl and Robertson (2005) (3a-d), EPA evaluated additional monitoring data summarized
in Table 2-63 to determine if these data could be used as surrogate data for the assessment of the
compounding of polystyrene resin to produce XPS masterbatch. Specifically, EPA reviewed data from
Abbott (2001), Thomsen (2007), Rasbotyn (1999), NICNAS (2012), and additional datasets from Searl
and Robertson (2005) (specifically 2a-d and 4 of Table 2-63.), as well as the approach taken by the
EURAR to estimate worker exposures in the polymer compounding industries. These data, which
include the data used by the EURAR (Searl and Robertson [2005] — 2a-d), all have an overall confidence
rating of High. EPA selected the approach taken by the EURAR to estimate exposures to HBCD during
XPS masterbatch compounding. The EURAR estimated a “reasonable worst-case” exposure
concentration of 2.5 mg/m? (based on Searl and Robertson [2005] — 2a-d, as described in Appendix E.2),
for workers involved in the addition and weighing of HBCD into an EPS compounding process. The
EURAR estimated a “typical” value to be half of the reasonable worst-case, or 1.25 mg/m®. EPA used
the EURAR estimate of 2.5 mg/m? to estimate high-end worker exposure (this estimate is based on 90
percentile data) and the EURAR estimate of 1.25 mg/m? to estimate central tendency worker exposure
(based on the EURAR *“typical” value, which is half of the high-end).

EPA selected the EURAR approach for the following reasons:

e The monitoring data used by the EURAR were collected from workers who manually weighed
and added HBCD powder to a compounding reactor. This activity is similar to the manual
addition of HBCD powder into a hopper for mixing in with the polystyrene masterbatch.

e The monitoring data used by the EURAR are of standard grade HBCD, which is used in the
conditions of use within the scope of this risk evaluation.

e The monitoring data used by the EURAR are personal breathing zone data.

e EPA used the “reasonable worst-case” and “typical” values estimated by the EURAR because
EPA does not have the discrete data points and associated exposure durations for the data from
Searl and Robertson (2005) (2a-d), and could only use one 8-hr TWA datapoint from Searl and
Robertson (2005) (2a-d) to estimate worker exposures. The EURAR estimates account for
multiple datapoints, and therefore multiple worker activities, Searl and Robertson (2005) (2a-d).

The details of the weighing and addition of HBCD at the European EPS compounding sites, including
methods and engineering controls, are unknown and cannot be compared to the details of the same
activities that would occur in the U.S. Additionally, the extent to which the worker activities at EPS
compounding sites are applicable to XPS masterbatch compounding sites is uncertain. However, due to
the lack of reasonably available information and because of the similarities in worker activities, EPA
believes the EURAR estimates based on surrogate data is sufficient. The quality of the data was assessed
through EPA’s systematic review process and evaluated on the credibility of the source, transparency of
the data, and applicability of the data. The monitoring data was rated an overall confidence rating of
high.

Full datasets with discrete data points were not available. EPA could not calculate 50" percentile and
95" percentile values to assess central tendency and high-end exposure, respectively, and uses the
“typical” and “reasonable worst-case” values assessed in the EURAR. The EURAR estimates the
“reasonable worst-case” value using the 90™ percentile values of the exposure monitoring data reported
in Searl and Robertson (2005) (2a-d) in Table 2-63. Although EPA’s preference is to use 95" percentiles
as high-end estimates, 90" percentiles are acceptable for use as high-end estimates as EPA has defined
high-end exposures to include the 90™ percentile through the 99.9'" percentile of the exposure
distribution. The EURAR estimates the “typical” value assuming it is one-half of the “reasonable worst-
case” value. It is uncertain how one-half of the “reasonable worst-case” value compares with the 50
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percentile of the combined distribution of the monitoring data represented in Searl and Robertson (2005)
(2a-d) in Table 2-63. However, EPA believes the EURAR estimates are preferable to using the median
and 90" percentile from one dataset in Table 2-64 because the EURAR estimates account for multiple
datapoints, and therefore multiple worker activities.

As discussed in Section 2.2.3, EPA estimated a range of release days of 10 to 60 days/year. EPA expects
this range of release days is also reflective of the operating days during which HBCD is processed at a
compounding site and workers are potentially exposed to HBCD. EPA used the midpoint of this range
of exposure frequency, rounded up where the midpoint resulted in fractions of days, to calculate central
tendency average daily dose used the high-end of this range of exposure frequency to calculate high-end
average daily dose. Additionally, EPA estimated worker exposures over the full working day, or eight
hours/day, as the data used to estimate inhalation exposures is 8-hour TWA data.

Dermal Exposure Assessment

EPA estimated dermal exposure to HBCD using the EPA/OPPT Direct 2-Hand Dermal Contact with
Solids Model, which is described in Section 2.4.1.1. EPA calculated dermal exposure assuming two-
hand contact to solids containing 100% HBCD (NICNAS, 2012b; Keml, 2009) because sites that
produce HBCD flame-retarded XPS masterbatch receive manufactured or imported HBCD in its pure
form to be 3,100 mg HBCD/day.

The EURAR estimated dermal exposure for the use of HBCD standard grade powder as an additive in
XPS masterbatch and XPS foam manufacturing. The EASE model estimated this exposure to be 0.1
mg/cm?-day two-hand surface area of 1,070 cm?. Using EPA’s two-hand surface area of 1,070 cm?, this
results in a dose of 107 to 1,070 mg/day.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed air concentrations presented above. EPA considered
the assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
exposure air concentration. The major uncertainty of the assessment is the extent to which the assessed
occupational inhalation exposure air concentrations represent the distribution of inhalation exposure air
concentrations pertaining to workers in the U.S. The strengths of the assessment are the quality of the
data and the applicability of the surrogate monitoring data, while the limitation of the assessment is the
uncertainty in the assessment results. Based on these strengths and limitation, EPA has medium to high
confidence in the assessed occupational inhalation exposure air concentrations.

24.14 Processing: Manufacturing of XPS Foam using XPS Masterbatch
Workers may be exposed to HBCD while manually unloading and transferring XPS masterbatch directly
into the extruder or into equipment used to feed the XPS masterbatch into the extruder. This manual
transfer may result in worker inhalation exposure to HBCD dust that was generated from abrasion of the
XPS masterbatch pellets or granules during transport (OECD, 2009). Manual transfers may also result in
worker dermal exposure to solid HBCD. Additionally, the generated dust from these transfer activities
may result in ONU inhalation exposure to HBCD.

Workers may also be potentially exposed from occasional cleaning of process equipment and cutting of
the foam (i.e., secondary processing) into slabs or other shapes (ECHA, 2009b).
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Number of Potentially Exposed Workers and Occupational Non-Users

The 2016 CDR data identifies multiple submissions that claim industrial use in the “construction” and
“plastics product manufacturing” sectors (U. S. EPA, 2016). These industrial sectors are broad and can
include a variety of sites, including sites that do not produce or install XPS and EPS foam, thus the
reported estimates of number of workers potentially exposed at these sites may not be applicable to this
condition of use.

EPA used workers and ONU estimates determined from an analysis of BLS data for the NAICS code
326140, Polystyrene Foam Product Manufacturing. These data indicate that there are, on average, 20
workers and 6 ONUs per site within NAICS code 326140. Based on these data and one modeled site for
the manufacturing of XPS foam from XPS masterbatch, EPA estimated that a total of 20 workers and 6
ONUs are potentially exposed during this condition of use.

Inhalation Exposure Assessment

HBCD occupational inhalation exposure monitoring data pertaining to the manufacturing of XPS Foam
using XPS masterbatch at multiple sites in Europe are presented in Searl and Robertson (2005) — 5a-d of
Table 2-64. As indicated in this table, these data pertain to various worker activities or parts of the
process for production of XPS foam from XPS masterbatch containing HBCD. These data were
obtained by sampling dust and analyzing the samples for HBCD (ECHA, 2008b).

During this condition of use, HBCD is entrained within XPS masterbatch and the produced XPS foam.
The monitoring data presented in Table 2-64 indicate the potential for worker exposure via inhalation of
foam particles containing HBCD, assuming that the workers are exposed to the concentration of HBCD
within the inhaled foam particles. These concentrations are less than those for the handling of HBCD
powder (discussed in Sections 2.4.1.2 and 2.4.1.3). During this condition of use, EPA assessed worker
inhalation exposure from inhalation of foam particles containing HBCD, as described below, noting that
the exposure to HBCD may be less because HBCD is entrained within the foam particles and may not be
fully available for absorption.
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Literature | Condition of AAm @ Type of | Worker Activity or Exposuref Number | Sample Time / c Overall Confidence
Study * Use SLE) Sample Sampling Location (CONEBIE B 0! L@ UL Rating
Handled (mg/m3) ® Samples | Measurement
Inhalation Monitoring Data Used to Estimate Worker Exposure
Secondary processing of Mean: 0.08 Original source: (Searl and
Searl and | Manufacture of | ¢ XPS foam - including ¢ 90th Robertson, 2005)
Robertson | XPS from XPS foam NR cutting, sawing, and ercentile: 0.22 9 8-hr TWA High
(2005) - 5a| Masterbatch machining to manufacture P e Reported in: (ECHA
shaped products 2009b, 2008b)
Other Inhalation Monitoring Data for Handling of XPS Foam
. Original source: (Searl and
Sotand | ot || {RochmionotXISam| v 002 Robaron. 2009
XPS from XPS NR |~ ncluding &N 90th percentile: 5 8-hr TWA High
(2005) — foam reprocessing of process . .
5b Masterbatch waste 0.02 Reported in: (ECHA
2009b, 2008b)
Searl and Manufacture of Mean: 0.03 Original source: (Searl and
Robertson XPS from XPS XPS NR Other process control 9ch 4 8-hr TWA Robertsqn 2005) High
(2005) — Masterbatch foam operators percentile: 0.03 Reported in: (ECHA
Sc ¢ 2009b, 2008b)
Searl and Mean: 0.03 Original source: (Searl and
Robertson Manufacture of XPS Process operators 90th Robertson, 2005)
XPS from XPS NR handling XPS . 24 8-hr TWA - High
(2005) — Masterbatch foam masterbatch percentile: 0.03 Reported in: (ECHA
5d ¢ 2009b, 2008b)

NR = Not Reported; N/A = Not Applicable
a — Where multiple datasets were available from one literature source, EPA distinguished data as 1a, 1b, 2a, 2b, etc.
b - Statistics were calculated by the cited source and are presented here as they were presented in the source.
¢ — Where information is presented in multiple sources all sources are listed. Information was not combined from these sources but was presented in all sources independently.
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All of the data in Table 2-64 have an overall confidence rating of high. The 8-hr TWA values that were
reported as mean and 90th percentile values; discrete data points associated with this dataset were not
reported in the EURAR, and therefore EPA cannot calculate the mean and 90th percentile of this entire
dataset. EPA estimated worker exposure to HBCD during the production of XPS foam from masterbatch
using the mean and high-end values; 0.08 mg/m3 as a central tendency estimate of exposure concentration
and the 90th percentile value of 0.22 mg/m3 as the high-end estimate of exposure concentration. The
monitoring data pertain to secondary processing of XPS foam, which is defined as cutting, sawing, and
machining of XPS foam to manufacture shaped products (ECHA, 2009b). EPA selected the data to
estimate worker exposure concentrations because these values present both a higher exposure
concentration and a wider range of potential exposure concentration than the data in the other rows.

Note that most of the samples associated with the Searl and Robertson (2005) (5a-b) data contained
HBCD at levels below the detection limit. Specifically, HBCD was detected in only three of 14 dust
samples presented in Searl and Robertson (2005) (5a-b); 9 of these 14 samples were taken during the
secondary processing of XPS foam (Searl and Robertson (2005) (5a)) and the other five samples were
taken during XPS foam reclamation (Searl and Robertson (2005) (5b)), which is the mechanical
grinding of foam pieces that are then reintroduced into the XPS foam manufacturing process. Yet
secondary processing of XPS foam still presented the highest HBCD exposure potential as well as the
largest range of potential HBCD exposure concentration of the monitored activities (ECHA, 2008b).
EPA is uncertain how the mean and 90" percentile values were calculated (i.e., if the non-detect sample
results were excluded or if they were included by using the level of detection (LOD) or some variation
of the LOD). EPA recognizes these uncertainties, but believes this data is sufficient. The quality of the
data was assessed through EPA’s systematic review process and evaluated on the credibility of the
source, transparency of the data, and applicability of the data. The monitoring data was rated an overall
confidence rating of high.

As discussed in Section 2.2.4, EPA estimated a range of release days of 1 to 16 days/year for air
releases. EPA expects this range of release days is reflective of the operating days during which HBCD
is processed at a converting site and workers are potentially exposed to HBCD. EPA used the midpoint
of the range of exposure frequency, rounded up when the midpoint resulted in fractions of days, to
calculate central tendency average daily dose. EPA used the high-end of this range of exposure
frequency to calculate high-end average daily dose. Additionally, EPA estimated worker exposure over
the full working day, or eight hours/day, as the data used to estimate inhalation exposures is 8-hour
TWA data.

Dermal Exposure Assessment

EPA estimated dermal exposure to HBCD during the production of XPS foam from XPS masterbatch
using the EPA/OPPT Direct 2-Hand Dermal Contact with Solids Model, which is described in Section
2.4.1.1. EPA calculated dermal exposure assuming two-hand contact to solid XPS masterbatch
containing 70% HBCD (NICNAS. 2012b; ECHA, 2008b). EPA used this weight fraction because
workers at sites that produce XPS foam from XPS masterbatch have the highest potential dermal
exposure concentration to HBCD during the unloading of XPS masterbatch. Using this model and 70%
HBCD, EPA calculated the potential dose for a worker to be 2,170 mg HBCD/day. The EURAR and
NICNAS report do not estimate dermal exposures during this operation.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed air concentrations presented above. EPA considered
the assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of directly applicable monitoring data, is
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the highest of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the monitoring data that was used to assess the inhalation exposure
air concentration. The major uncertainty of the assessment is the extent to which the assessed
occupational inhalation exposure air concentrations represent the distribution of inhalation exposure air
concentrations pertaining to workers in the U.S. Additionally, as HBCD is entrained within foam
particles, this assessment could overestimate worker exposure to HBCD because it may not be fully
available for absorption. The strengths of the assessment are the assessment approach and the quality of
the data, while the limitation of the assessment is the uncertainty in the assessment results. Based on
these strengths and limitation, EPA has medium to high confidence in the assessed occupational
inhalation exposure air concentrations.

24.1.5 Processing: Manufacturing of XPS Foam using HBCD Powder
Workers are expected to manually unload and transfer HBCD powder directly into the extruder or into
equipment used to feed the powder into the extruder. This manual transfer may result in worker
inhalation exposure to HBCD dust and dermal exposure to solid HBCD. Additionally, the generated dust
from these transfer activities may result in ONU inhalation and dermal exposure to HBCD.

Workers may also be potentially exposed from occasional cleaning of process equipment and cutting of
the foam into slabs or other shapes, if these activities are manual. However, the unloading of HBCD
powder is expected to present the highest potential exposure to HBCD, as HBCD is at the highest
concentration during this activity.

Number of Potentially Exposed Workers and Occupational Non-Users

The 2016 CDR data identifies multiple submissions that claim the industrial use in the “construction”
and “plastics product manufacturing” sectors (2016 CDR, (U. S. EPA, 2016)). These industrial sectors
are broad and can include a variety of sites, including sites that do not product or install XPS and EPS
foam, thus the reported estimates of number of workers potentially exposed at these sites may not be
applicable to this condition of use.

EPA used workers and ONU estimates determined from an analysis of BLS data for the NAICS code
326140, Polystyrene Foam Product Manufacturing. These data indicate that there are, on average, 20
workers and 6 ONUs per site within NAICS code 326140. Based on this data and one modeled site for
the manufacturing of XPS foam from HBCD powder, EPA estimated that a total of 20 workers and 6
ONUs are potentially exposed during this condition of use.

Inhalation Exposure Assessment

The studies from Abbott (2001), Thomsen (2007) and Searl and Robertson (2005) (noted as 4), which
are summarized in Table 2-63 in Section 2.4.1.3, contain data for the manufacturing of XPS foam from
HBCD powder or granules. These data had an overall confidence rating of High. Of these data, the only
8-hr TWA personal breathing zone samples are from Thomsen (2007). However, the form of HBCD
handled was not reported and hence EPA did not use these data in the assessment. These data are lower
in magnitude than that used by EPA, as described below. No other data for this condition of use were
found in the reviewed literature. EPA reviewed the other data in Table 2-63. and the EURAR approach
for surrogate data that is applicable to this condition of use.

Based on this review, EPA used the same methodology to estimate inhalation exposures for this

condition of use as that used for Section 2.4.1.3, Compounding of Polystyrene Resin to Produce XPS

Masterbatch. Specifically, EPA used the “reasonable worst-case” and “typical” values reported in the
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EURAR for use of HBCD as an additive in polymer processing (ECHA, 2008b). As discussed in Section
2.4.1.3, the “reasonable worst-case” reported by the EURAR is based on 90™ percentile data and the
“typical” value is half this concentration. EPA used the “reasonable worst-case” value of 2.5 mg/m? for
an estimate of high-end worker exposure and the typical value of 1.25 mg/m? for an estimate of central-
tendency worker exposure. Refer to Section 2.4.1.3 for additional discussion of this data.

EPA expects the largest source of potential inhalation exposure for both conditions of use is the handling
of HBCD standard grade powder. There is also uncertainty whether the worker activities at EPS
compounding sites are applicable to XPS masterbatch compounding sites. Additionally, it is uncertain as
to the extent to which operations at European sites reflect those at sites in the United States. However,
due to the lack of additional data and because of the similarities in worker activities, EPA believes this
surrogate data is sufficient. The quality of the data was assessed through EPA’s systematic review
process and evaluated on the credibility of the source, transparency of the data, and applicability of the
data. The monitoring data was rated an overall confidence rating of high.

As discussed in Section 2.2.5, EPA estimated a range of release days of 1 to 16 days/year for air
releases. EPA expects this range of release days is also reflective of the operating days during which
HBCD is processed at a converting site and workers are potentially exposed to HBCD. EPA used the
midpoint of this range of exposure frequency, rounded up where the midpoint resulted in fractions of
days, to calculate central tendency average daily dose. EPA used the high-end of this range of exposure
frequency to calculate high-end average daily dose. Additionally, EPA estimated worker exposure over
the full working day, or eight hours/day, as the data used to estimate inhalation exposures is 8-hour
TWA data.

Dermal Exposure Assessment

EPA estimated dermal exposure to HBCD during the production of XPS foam from HBCD powder
using the EPA/OPPT Direct 2-Hand Dermal Contact with Solids Model, which is described in Section
2.4.1.1. EPA calculated dermal exposure assuming two-hand contact to solid containing 100% HBCD
(NICNAS., 2012b; ECHA, 2008b). EPA used this weight fraction because workers at sites that produce
XPS foam from HBCD powder have the highest potential dermal exposure concentration to HBCD
during the unloading of HBCD powder. Using this model and 100% HBCD, EPA calculated the
potential dose for a worker to be 3,100 mg HBCD/day.

The EURAR estimated dermal exposure for the use of HBCD standard grade powder as an additive in
XPS masterbatch and XPS foam manufacturing. The EASE model estimated this exposure to be 0.1
mg/cm?-day. Using EPA’s two-hand surface area of 1,070 cm?, this results in a dose of 107 mg/day. The
NICNAS report uses EASE to model dermal exposure during the addition and weighing of HBCD into
processes. EASE estimated a dermal dose rate of 0.1 to 1 mg/cm?-day. Using EPA’s two-hand surface
area of 1,070 cm?, this results in a dose of 107 to 1,070 mg/day. The EASE estimates provided in the
EURAR and NICNAS are lower than that estimated by EPA (3,100 mg/day) as the EPA/OPPT Direct 2-
Hand Dermal Contact with Solids Model predicts a higher quantity of solids on skin per day.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed air concentrations presented above. EPA considered
the assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
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exposure air concentration. The major uncertainty of the assessment is the extent to which the assessed
occupational inhalation exposure air concentrations represent the distribution of inhalation exposure air
concentrations pertaining to workers in the U.S. The strengths of the assessment are the quality of the
data and the applicability of the surrogate monitoring data, while the limitation of the assessment is the
uncertainty in the assessment results. Based on these strengths and limitations, EPA has medium to high
confidence in the assessed occupational inhalation exposure air concentrations.

2.4.1.6 Processing: Manufacturing of EPS Foam from Imported EPS Resin Beads
Workers may manually unload the imported EPS resin beads into processing equipment. However,
HBCD is entrained in the EPS resin beads and at a low concentration (0.7 wt%), thus the potential for
exposure is very low and is not assessed in the EURAR or the Australian risk assessment (NICNAS
2012b; ECHA., 2008b). Workers are unlikely to be exposed during the automated processing to produce
EPS foam from the EPS resin beads but may be exposed if the produced foam is manually cut or
trimmed to remove excess foam that was cinched by the molds. During cutting and trimming, particles
containing HBCD are formed, which workers and ONUs may inhale.

Number of Potentially Exposed Workers and Occupational Non-Users

The 2016 CDR data identifies multiple submissions that claim the industrial use in the “construction”
and “plastics product manufacturing” sectors (U. S. EPA, 2016). These industrial sectors are broad and
can include a variety of sites, including sites that do not product or install XPS and EPS foam, thus the
reported estimates of number of workers potentially exposed at these sites may not be applicable to this
condition of use.

EPA used workers and ONU estimates determined from an analysis of BLS data for the NAICS code
326140, Polystyrene Foam Product Manufacturing. These data indicate that there are, on average, 20
workers and 6 ONUs per site within NAICS code 326140. Based on these data and one modeled site for
the manufacturing of EPS foam from imported EPS resin beads, EPA estimated that a total of 20
workers and 6 ONUs are potentially exposed during this condition of use.

Inhalation Exposure Assessment

EPA found data related to the cutting of EPS foam. These data are presented in Table 2-65 below. In
addition to these data, EPA considered the XPS foam handling data that was used in Section 2.4.1.4,
also presented in Table 2-65 below. The EURAR and NICNAS assessment did not estimate exposures
during this condition of use, stating that these exposures are expected to be low in comparison to
conditions of use where HBCD is handled in powder, granular, or masterbatch form. However, the
monitoring data presented in Table 2-65 indicate the potential for worker exposure via inhalation of
foam particles containing HBCD, assuming that the workers are exposed to the concentration of HBCD
within the inhaled foam particles. These concentrations are less than those for the handling of HBCD
powder (discussed in Sections 2.4.1.2 and 2.4.1.3). During this condition of use, EPA assessed worker
inhalation exposure from the inhalation monitoring data for secondary processing of XPS foam, as
described below, noting that the exposure to HBCD may overestimate considering that HBCD is
entrained within the foam particles and may not be fully available for absorption.
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Table 2-65. Summary of Inhalation Monitoring Data for Handling of XPS and EPS Foam Containing HBCD

Literature Condition of BOAMGE | Thans Worker Activity or Exposuref Number | Sample Time / ¢ Overall
Study ® Use HBCD of S e L o Concentration of Type of Source Confidence
Handled |Sample (mg/m3) ® Samples | Measurement Rating
Inhalation Monitoring Data Used to Estimate Worker Exposure
Secondary processing of Original source: (Searl
- i d Robertson, 2005
Searl and | Manufacture of )c(:itstifloar;lav:inrflugrllr(lig Mean: 0.08 A RODEson )
Robertson | XPS from XPS | XPS foam | NR magéhinin gt’o 90th percentile: 9 8-hr TWA din: (ECHA High
(2005) - 5a | Masterbatch g 0.22°¢ Reported in: (EC
manufacture shaped 2008b); (ECHA
products 2009b)
Other Inhalation Monitoring Data for the Handling of XPS and EPS Foam
Reclamation of XPS Original source: (Searl
and Robertson, 2005
Searl and Manufacture of foam - including Mean: 0.02 ANCRODESOn )
Robertson | XPS from XPS | XPS foam | NR shredding and 90th percentile: 5 8-hr TWA R din: (ECHA High
(2005) — 5b Masterbatch reprocessing of process 0.02°¢ eported in: (ECH
waste 2008b); (ECHA
2009b)
Original source: (Searl
and Robertson, 2005
Searl and Manufacture of Other process control Mean: 0.03 ANCRODESOn )
Robertson | XPS from XPS | XPS foam | NR (I))perators 90th percentile: 4 8-hr TWA Reported in: (ECHA High
2005) -5 Masterbatch 0.03 ¢ :
(2005) - 5¢ asterbate 2008b); (ECHA
2009b)
Original source: (Searl
and Robertson, 2005)
Searl and Manufacture of Process operators Mean: 0.03
Robertson | XPS from XPS | XPS foam | NR handling XPS 90th percentile: 24 8-hr TWA din: (ECHA High
(2005) — 5d Masterbatch masterbatch 0.03 ¢ Reported in: (EC
2008b); (ECHA
2009b)
. Thermal cutting of XPS
Zhang et al. | Thermal cutting . ) i .
(2012) - 1a | of XPS boards XPS foam | NR boards in a closed Mean: 0.089 NR NR (Zhang et al., 2012) High
glovebox
. Thermal cutting of EPS
Zhang et al. | Thermal cutting . ) i .
(2012)— 1b | of EPS boards EPS foam | NR boar(gilsoglegg)l(osed Mean: 0.057 NR NR (Zhang et al., 2012) High

NR = Not Reported; N/A = Not Applicable
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Literature
Study *

Condition of
Use

Form of
HBCD
Handled

Type
of
Sample

Worker Activity or
Sampling Location

Exposure
Concentration
(mg/m’) ®

Number
of
Samples

Sample Time /
Type of
Measurement

Source ¢

Overall
Confidence
Rating

a — Where multiple datasets were available from one literature source, EPA distinguished data as 1a, 1b, 2a, 2b, etc.
b - Statistics were calculated by the cited source and are presented here as they were presented in the source.
¢ — Where information is presented in multiple sources all sources are listed. Information was not combined from these sources but was presented in all sources

independently.
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In this condition of use, EPS resin beads are used to make EPS foam; handling of HBCD in powder or
granule form is not expected. HBCD is entrained in the EPS resin beads and is not readily available for
exposure. Based on this information, EPA expects that the processing of the EPS foam containing
HBCD is a source of potential worker exposure.

To estimate potential inhalation exposures, EPA used the data from Searl and Robertson (2005) (noted
as 5a-b in Table 2-65) for production of XPS Foam from XPS Masterbatch as surrogate for this
condition of use. As discussed in Section 2.4.1.4, EPA used the mean value of 0.08 mg/m? as a central
tendency estimate of exposure concentration and the 90" percentile value of 0.22 mg/m? as the high-end
estimate of exposure concentration. These values are from Searl and Robertson (2005) (5a of Table
2-65). Refer to Section 2.4.1.4 for additional discussion of these data.

EPA uses the same data as that used in Section 2.4.1.4 for the production of XPS Foam from XPS
Masterbatch because these data are for workers performing secondary processing of XPS foam, which
includes cutting, sawing, or machining of XPS foam. EPA recognizes that exposures during cutting of
EPS foam will likely differ somewhat from that during the cutting of XPS; however, the results in Zhang
et al. (2012) (Zhang et al.) suggest that exposures during the two scenarios are likely similar. The data
reported in Zhang et al. (Zhang et al., 2012) is from a laboratory study of thermal (hot wire) cutting of
XPS and EPS foam in a laboratory glovebox, which is presented as Zhang et al. (2012) — 1a-b of Table
2-65. EPA did not use data from Zhang et al. (Zhang et al., 2012) because they were taken in a
laboratory glovebox, which is not representative of realistic conditions for this use, and because the data
are not PBZ data.

As discussed, there is uncertainty as to the extent to which the data on the processing of XPS foam is
applicable to the processing of EPS foam. An additional source of uncertainty is that industrial XPS
foam manufacturing sites may have different working conditions (i.e., type of cutting equipment used,
amount of foam cut in a day, and ventilation) than EPS foam manufacturing sites. Further, uncertainty
exists from the potential differences in equipment and controls used at the European sites at which the
monitoring was conducted and sites in the United States. However, due to the lack of additional data and
because of the similarities in worker activities, EPA believes this surrogate data is sufficient. The quality
of the data was assessed through EPA’s systematic review process and evaluated on the credibility of the
source, transparency of the data, and applicability of the data. The monitoring data was rated an overall
confidence rating of high.

As discussed in Section 2.2.6, EPA estimated a range of release days of 16 to 140 days/year. EPA
expects this range of release days is also reflective of the operating days during which HBCD is
processed at a converting site and workers are potentially exposed to HBCD. EPA used the midpoint of
this range of exposure frequency, rounded up where the midpoint resulted in fractions of days, to
calculate central tendency average daily dose. EPA used the high-end of this range of exposure
frequency to calculate high-end average daily dose. Additionally, EPA estimated worker exposure over
the full working day, or eight hours/day, as the data used to estimate inhalation exposures is 8-hour
TWA data.
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Dermal Exposure Assessment

EPA did not find data on potential levels of dermal exposure for workers engaged in activities related to
the production of EPS foam from EPS resin beads. The EURAR and Australian risk assessment did not
assess dermal exposures during this condition of use (NICNAS, 2012b; ECHA, 2008b). HBCD 1is
entrained in the imported EPS resin beads and the potential dermal exposure from handling EPS and
XPS foams containing HBCD is low due to the small weight fraction of HBCD in the foam and because
HBCD is incorporated into the foam matrix, thus is not readily available for exposure (NICNAS, 2012b;
ECHA., 2008b). Due to the same considerations, dermal exposures to HBCD during this condition of use
are not expected.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed air concentrations presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
exposure air concentration. The major uncertainty of the assessment is the extent to which the
monitoring data represents occupational inhalation exposure air concentrations pertaining to workers in
the U.S. Additionally, as HBCD is entrained within foam particles, this assessment could overestimate
worker exposure to HBCD because it may not be fully available for absorption. The strength of the
assessment is the quality of the data and the limitation of the assessment is the uncertainty in the
assessment results. Based on this strength and limitation, EPA has medium confidence in the assessed
occupational inhalation exposure air concentrations.

2.4.1.7 Processing: Manufacturing of SIPs and Automobile Replacement Parts from
XPS/EPS Foam
Workers are likely to manually unwrap and further handle the XPS and EPS foam boards during which
they will likely have dermal contact with the foam; however, HBCD is expected to be incorporated in
the foam matrix and not readily available for exposure (NICNAS, 2012b). Inhalation exposure potential
from unwrapping is limited because dust generation from the foam boards is unlikely due to the large
size and limited opportunity for rubbing against each other during transport (U.S. EPA, 2014a).

Cutting of the XPS and EPS foam results in particle generation that pose potential for worker and ONU
inhalation exposure.

Number of Potentially Exposed Workers and Occupational Non-Users

EPA estimated exposures for workers at two sites based on the methodology described in Section
2.4.1.1. The 2016 CDR data identify multiple submissions that claim the industrial use in the
“construction” and “plastics product manufacturing” sectors (U. S. EPA, 2016). These industrial sectors
can include a variety of sites, including XPS and EPS foam sites and construction sites, thus the reported
estimates of number of workers potentially exposed at these sites may not be applicable to this condition
of use.

EPA used workers and ONU estimates determined from an analysis of BLS data for the NAICS code

326140, Polystyrene Foam Product Manufacturing. These data indicate that there are, on average, 20

workers and 6 ONUs per site within NAICS code 326140. Based on these data and one site for each of

the SIPs and automotive replacement part production, EPA estimated that a total of 39 workers and 11

ONU s are potentially exposed during this condition of use. Note that EPA used unrounded figures for

the number of workers and ONUs per site to calculate these totals, resulting in the slight discrepancy.
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Inhalation Exposure Assessment

EPA did not find HBCD inhalation monitoring data for this condition of use. The EURAR and NICNAS
assessment did not estimate exposures during this condition of use, stating that these exposures are
expected to be low in comparison to conditions of use where HBCD is handled in powder, granular, or
masterbatch form. However, the monitoring data presented in Sections 2.4.1.4and 2.4.1.5 indicate the
potential for worker exposure via inhalation of foam particles containing HBCD, assuming that the
workers are exposed to the concentration of HBCD within the inhaled foam particles. These
concentrations are less than those for the handling of HBCD powder (discussed in Sections 2.4.1.2 and
2.4.1.3). During this condition of use, EPA assessed worker inhalation exposure from the inhalation
monitoring data for secondary processing of XPS foam, noting that the exposure to HBCD may
overestimate considering that HBCD is entrained within the foam particles and may not be fully
available for absorption.

To estimate potential inhalation exposures, EPA uses the data discussed in Section 2.4.1.4 for the
production of XPS Foam from XPS Masterbatch as surrogate for this condition of use. This data has an
overall confidence rating of High. As discussed in Section 2.4.1.4, EPA used the mean value of 0.08
mg/m? as a central tendency estimate of exposure concentration and the 90 percentile value of 0.22
mg/m? as the high-end estimate of exposure concentration. These values are from Searl and Robertson
(2005) (noted as 5a in Table 2-64 in Section 2.4.1.4). Refer to this section for additional discussion of
these data.

For this condition of use, XPS and EPS foam are cut to form SIPs and automobile replacement parts.
EPA uses the same data as that used in Section 2.4.1.4 for the production of XPS Foam from XPS
Masterbatch because these data are for workers performing secondary processing of XPS foam, which
includes cutting, sawing, or machining of XPS foam. EPA recognizes that exposures during cutting of
XPS foam and EPS foam will likely differ somewhat but, due to lack of additional data, uses the values
for the secondary processing of XPS foam for this condition of use, which involves the cutting of both
XPS and EPS foam, as surrogate. Due to the lack of reasonably available information and because of the
similarities in worker activities, EPA believes this surrogate data is sufficient. The quality of the data
was assessed through EPA’s systematic review process and evaluated on the credibility of the source,
transparency of the data, and applicability of the data. The monitoring data was rated an overall
confidence rating of high.

There is uncertainty as to the extent to which the monitoring data on the processing of XPS foam is
applicable to the processing of EPS foam. An additional source of uncertainty is that industrial XPS
foam manufacturing sites may have different working conditions (i.e., type of cutting equipment used,
amount of foam cut in a day, and ventilation) than sites that cut XPS and EPS foam to produce SIPs and
automobile replacement parts. Further, uncertainty exists from the potential differences in equipment
and controls used at the European sites at which the monitoring was conducted and sites in the United
States.

As discussed in Section 2.2.7, EPA estimated a range of release days of 16 to 300 days/year. EPA
expects this range of release days is also reflective of the operating days during which HBCD is
processed at foam cutting sites and workers are potentially exposed to HBCD. However, EPA does not
expect that workers will be exposed greater than 250 day/year, accounting for a worker schedule of five
days per week and 50 weeks per year. Based on this, EPA estimated worker exposures over a range of
16 to 250 days/year. EPA used the midpoint of this range of exposure frequency, rounded up where the
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midpoint resulted in fractions of days, to calculate central tendency average daily dose. EPA used the
high-end of this range of exposure frequency to calculate high-end average daily dose. Additionally,
EPA estimated worker exposure over the full working day, or eight hours/day, as the data used to
estimate inhalation exposures is 8-hour TWA data.

Dermal Exposure Assessment

EPA did not find data on potential levels of dermal exposure for workers engaged in activities related to
the manufacturing of SIPs and automotive replacement parts from XPS and EPS foam. The EURAR and
Australian risk assessment did not assess dermal exposures during this condition of use, with both
reports stating that these exposures are expected to be low because HBCD is incorporated into the foam
matrix, thus is not readily available for exposure (NICNAS, 2012b; ECHA, 2008b). The potential
dermal exposure from handling EPS and XPS foams containing HBCD is low due to the small weight
fraction of HBCD in the foam and because HBCD is incorporated into the foam matrix, thus is not
readily available for exposure (NICNAS. 2012b; ECHA, 2008b). Due to the same considerations,
dermal exposures to HBCD during this condition of use are not expected.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed air concentrations presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
exposure air concentration. The major uncertainty of the assessment is the extent to which the
monitoring data represents occupational inhalation exposure air concentrations pertaining to workers in
the U.S. Additionally, as HBCD is entrained within foam particles, this assessment could overestimate
worker exposure to HBCD because it may not be fully available for absorption. The strength of the
assessment is the quality of the data and the limitation of the assessment is the uncertainty in the
assessment results. Based on this strength and limitation, EPA has medium confidence in the assessed
occupational inhalation exposure air concentrations.

24.1.8 Use: Installation of Automobile Replacement Parts
EPA does not expect that workers at automotive repair sites further process the replacement parts
containing HBCD. Because the automotive replacement parts are received at repair shops as finished
articles containing XPS and EPS foam, in which HBCD is incorporated into the foam matrix, inhalation
and dermal exposures are not expected(NICNAS, 2012b; ECHA, 2008b).

24.1.9 Use: Installation of XPS/EPS Foam Insulation in Residential, Public and
Commercial Buildings, and Other Structures
Based on the process description, EPA expects workers will manually install HBCD-containing XPS
and EPS foam insulation products into buildings, during which process they may cut the foams. The
cutting of XPS and EPS foam produces particulates that may be inhaled by workers and ONUs.

Number of Potentially Exposed Workers and Occupational Non-Users

As discussed in Section 2.2.9, EPA estimated the number of potential construction sites to be as few as
34 large construction sites (assumes HBCD use rate estimated for large-scale use) and as high as

2,696 residential construction sites (assumes HBCD use rate estimated for residential use) may install
insulation containing HBCD in a year.
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EPA analyzed information from the Bureau of Labor Statistics for the NAICS code 238310, Drywall
and Insulation Contractors, to determine an estimate of the number of workers and ONUs that may be
present at a construction site. These data indicate that there are, on average, 8 workers and 1 ONU per
contractor establishment within NAICS code 238310. Due to the low estimate of workers and ONUs per
establishment, EPA assumes that this estimate represents the size of one work crew and that one crew
would be present at job sites (i.e., construction sites) at a given time. Thus, EPA estimated 8 workers
and 1 ONU per job site. Furthermore, EPA assumes that different crews from separate contractor
establishments may install insulation containing HBCD and that these crews may install insulation
containing HBCD at more than one job site in a year, although there is the potential for variability.

Using these data for number of workers and ONUs and the lower value estimate of 34 construction sites,
a total of approximately 310 workers and 30 ONUs are potentially exposed. Using these data and the
upper value estimate of 2,696 residential construction sites, a total of approximately 25,000 workers and
2,400 ONUs are potentially exposed. EPA expects that this range accounts for both the scenario that job
crews may install insulation containing HBCD at multiple sites through a year and the scenario that a
job crew will only install insulation containing HBCD at one site in a year. These data are summarized
in Table 2-66. EPA used unrounded figures for the number of workers and ONUs per site to calculate
these totals, resulting in the slight discrepancy. EPA recognizes that smaller residential sites likely have
fewer workers than larger sites, thus this is likely an overestimate of the number of potentially exposed
people.

Table 2-66. US Number of Establishments and Employees for Installation of EPS/XPS Foam
Insulation in Residential, Public and Commercial Buildings, and Other Structures

Number of Job Sites
] Number of Number of ONUs
2016 NAICS 2016 NAICS Title Lower value . s e Workers per Site per Site?
(large commercial : Gl o
q (residential sites)
sites)
Drywall and
238310 Insulation 34 2,696 9 1
Contractors
Lower value of total establishments and
number of potentially exposed workers 34 310 30
and ONUs =®
Upper value of total establishments and
number of potentially exposed workers 2,696 25,000 2,400
and ONUs ="

a — Rounded to the nearest whole number and two significant figures.
b — Unrounded figures were used for total worker and ONU calculations.

Inhalation Exposure Assessment

EPA did not find HBCD inhalation monitoring data for this condition of use. During this condition of
use, HBCD is entrained within XPS and EPS foam. The monitoring data presented in Sections 2.4.1.4
and2.4.1.5 indicate the potential for worker exposure via inhalation of foam particles containing HBCD,
assuming that the workers are exposed to the concentration of HBCD within the inhaled foam particles.
These concentrations are less those for the handling of HBCD powder (discussed in Sections 2.4.1.2 and
2.4.1.3). During this condition of use, EPA assessed worker inhalation exposure from inhalation of foam
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particles containing HBCD, as described below, noting that the exposure to HBCD may be less because
HBCD is entrained within the foam particles and may not be fully available for absorption.

To estimate potential inhalation exposures, EPA uses the data discussed in Section 2.4.1.4 for the
production of XPS Foam from XPS Masterbatch as surrogate for this condition of use. These data have
an overall confidence rating of High. As discussed in Section 2.4.1.4, EPA used the mean value of 0.08
mg/m? as a central tendency estimate of exposure concentration and the 90™ percentile value of 0.22
mg/m? as the high-end estimate of exposure concentration. These values are from Searl and Robertson
(2005) (noted as 5a in Table 2-64 in Section 2.4.1.4). Refer to this section for additional discussion of
these data.

In this condition of use, XPS and EPS foam are cut so that they can be installed into buildings at
construction sites. EPA uses the same data as that used in Section 2.4.1.4 for the production of XPS
Foam from XPS Masterbatch because these data are for workers performing secondary processing of
XPS foam, which includes cutting, sawing, or machining of XPS foam. EPA recognizes that exposures
during cutting of XPS foam and EPS foam will likely differ somewhat but, due to lack of additional
data, EPA uses the values for the secondary processing of XPS foam for this condition of use, which
involves the cutting of both XPS and EPS foam, as surrogate. In the absence of relevant EPS data, EPA
believes the surrogate data is sufficient. In addition, Zhang et al. (Zhang et al., 2012) reported similar
exposure concentrations for the thermal cutting of XPS and EPS foam in a closed glovebox (0.089
mg/m?® and 0.057mg/m?>, respectively).

There is uncertainty regarding the extent to which the monitoring data pertaining to the secondary
processing of foam is applicable to this condition of use. The secondary processing of foam and the
condition of use may not be similar in terms of the following determinants of exposure:
1. The method of cutting and sawing of foam:
The method of cutting or sawing foam at a construction site and the method of cutting foam at
the XPS foam manufacturing sites associated with the monitoring data may be different and may
generate dust differently in terms of the particle size of the generated dust and the quantity of the
generated dust.
2. The rates at which foam is cut or sawed:
The rate at which foam is typically cut at a construction site (e.g., mass of foam cut or sawed per
unit time) is likely not similar to the rate of cutting or sawing at the XPS manufacturing sites
associated with the monitoring data. Additionally, rate of cutting and sawing at construction sites
may be variable throughout the year given seasonal construction cycles.
3. Ventilation:
Ventilation at a construction site and ventilation at the XPS foam manufacturing sites associated
with the monitoring data are likely different.

EPA did not find data specific to construction sites that install XPS and EPS foam. Due to the lack of
additional data and because of the similarities in worker activities, EPA believes this surrogate data is
sufficient. The quality of the data used was assessed through EPA’s systematic review process and
evaluated on the credibility of the source, transparency of the data, and applicability of the data. The
monitoring data was rated an overall confidence rating of high.

As discussed in Section 2.2.9, EPA estimated a range of release days of 1 to 3 days/year-site. However,
EPA expects that workers may install insulation containing HBCD at multiple sites in a year. EPA does
not expect that workers will be exposed greater than 250 day/year, accounting for a worker schedule of
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five days per week and 50 weeks per year. Based on this, EPA expects the minimum number of
exposure days to be 1 day/per year and the maximum number of exposure days to be 250 days/year.
EPA used the midpoint of the range of 1 to 250 days/year of exposure frequency, rounded up to 126
days/year, to calculate central tendency average daily dose. EPA used the high-end of this range of
exposure frequency to calculate high-end average daily dose. Additionally, EPA estimated worker
exposure over the full working day, or eight hours/day, as the data used to estimate inhalation exposures
is 8-hour TWA data.

Dermal Exposure Assessment

The EURAR and Australian risk assessment did not assess dermal exposures during this condition of
use (NICNAS, 2012b; ECHA., 2008b), stating that these exposures are expected to be low. The potential
dermal exposure from handling XPS and EPS foams containing HBCD is low due to the small weight
fraction of HBCD in the foam and because HBCD is incorporated into the foam matrix, thus is not
readily available for exposure (NICNAS, 2012b; ECHA. 2008b). EPA does not expect dermal exposures
during this condition of use due to the same considerations.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed air concentrations presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
exposure air concentration. The major uncertainty of the assessment is the extent to which the
monitoring data represents occupational inhalation exposure air concentrations pertaining to workers in
the U.S. Additionally, as HBCD is entrained within foam particles, this assessment could overestimate
worker exposure to HBCD because it may not be fully available for absorption. The strength of the
assessment is the quality of the data and the limitation of the assessment is the uncertainty in the
assessment results. Based on this strength and limitation, EPA has medium confidence in the assessed
occupational inhalation exposure air concentrations.

2.4.1.10 Demolition and Disposal of EPS/XPS Foam Insulation Products in
Residential, Public and Commercial Buildings, and Other Structures
During demolition, EPA expects workers may break XPS and EPS foam insulation products and
generate dust comprised of foam particles that contain HBCD during demolition work. EPA expects
workers may inhale dust that may be generated from the breaking process. Once inhaled, HBCD
particulates may deposit in the upper respiratory tract where they may be incidentally ingested.

Number of Potentially Exposed Workers and Occupational Non-Users

EPA did not find information regarding the number of workers typically on a demolition site. To
estimate the number of workers potentially exposed per site, EPA assumed that demolition is
accomplished by workers who remove the insulation. To estimate the number of these workers, EPA
assumed that this number of workers is equivalent to the number of workers who install foam panels and
utilized the same methodology for estimating workers potentially exposed during the installation of
insulation into buildings, as described below and in Section 2.4.1.9.

As described in Section 2.4.1.9, EPA analyzed information from the Bureau of Labor Statistics for the

NAICS code 238310, Drywall and Insulation Contractors, to determine an estimate of the number of

workers and ONUs that may be present at a construction site. These data indicate that there are, on

average, 8 workers and 1 ONU per contractor establishment within NAICS code 238310. Using these
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data for number of workers and ONUs and the lower value estimate of 578 construction sites, a total of
approximately 5,300 workers and 510 ONUs are potentially exposed. Using these data and the upper
value estimate of 45,832 residential construction sites, a total of approximately 420,000 workers and
40,000 ONU s are potentially exposed. Note that EPA expects that this range accounts for both the
scenario that job crews may install insulation containing HBCD at multiple sites through a year and the
scenario that a job crew will only install insulation containing HBCD at one site in a year.

EPA expects that demolition materials are not further cut or manually broken at landfill and incineration
sites.

Inhalation Exposure Assessment

EPA did not find HBCD inhalation monitoring data for this condition of use. During this condition of
use, HBCD is entrained within XPS and EPS foam. Based on the process description, there is potential
for worker exposure via inhalation of HBCD particles. During this condition of use, EPA assessed
worker inhalation exposure from inhalation of foam particles containing HBCD, as described below,
noting that the exposure to HBCD may be less because HBCD is entrained within the foam particles and
may not be fully available for absorption.

To estimate potential inhalation exposures, in the absence of monitoring data, EPA uses an estimation
method based on the Occupational Safety and Health Administration (OSHA) permissible exposure
limit (PEL) for particulates not otherwise regulated (PNOR), which is 15 mg/m? for total dust (U.S. EPA.
2013a). In accordance with this method, EPA estimated the potential exposure concentration of HBCD,
by multiplying the OSHA PEL for PNOR by the HBCD concentration in XPS and EPS foam, 2 wt%

and 0.7 wt%, respectively (ECHA, 2008b). EPA calculates potential HBCD exposure concentrations
ranging from 0.105 to 0.30 mg/m3. The OSHA PEL for PNOR and EPA’s estimate are 8-hour TWA
values. The specific value of exposure concentration using this method is dependent on the proportion of
each type of foam, XPS and/or EPS, being demolished.

EPA used the OSHA PEL for PNOR because EPA did not find directly applicable inhalation monitoring
data or surrogate monitoring data for this condition of use, which is preferable to regulatory limits, as
discussed in Section 2.4.1.1. EPA considered the use of the data discussed in Section2.4.1.4, which is
data for workers performing secondary processing of XPS foam, which includes cutting, sawing, or
machining of XPS foam. EPA did not use these data as surrogate for this condition of use because, based
on the process description, EPA does not expect the use of the same tools for breaking down of foam in
this condition of use as those used for the secondary processing of XPS foam at an XPS foam
manufacturing site, resulting in different dust generation potential. Specifically, as discussed in the
process description, this condition of use involves manually breaking foam insulation or demolishing
with equipment such as a wrecking ball.

EPA’s estimate for occupational inhalation exposure to HBCD using the OSHA PEL for PNOR assumes
that the dust to which workers are exposed at demolition sites is generated entirely from EPS and XPS
foam. There is uncertainty about this assumption. There is also uncertainty as to the extent that the
OSHA PEL for PNOR is reflective of the dust exposures that workers experience at demolition sites.

As discussed in Section 2.2.10, EPA estimated a range of release days of 1 to 3 days/year-job site.
However, EPA expects that workers may demolish insulation containing HBCD at multiple sites in a
year. EPA does not expect that workers will be exposed greater than 250 day/year, accounting for a
worker schedule of five days per week and 50 weeks per year. Based on this, EPA expects the minimum

Page 209 of 570


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809033
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3809033
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970747

PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

number of exposure days to be 1 day/per year and the maximum number of exposure days to be 250
days/year. Workers may only perform demolition activities intermittently throughout a year. EPA
believes the upper estimate of 250 days/year is likely an overestimate but does not have any data to
estimate the exact number of working days. EPA used the midpoint of the range of 1 to 250 days/year of
exposure frequency, rounded up to 126 days/year, to calculate central tendency average daily dose. EPA
used the high-end of this range of exposure frequency to calculate high-end average daily dose.
Additionally, EPA estimated worker exposure over the full working day, or eight hours/day, as the data
used to estimate inhalation exposures is 8-hour TWA data.

Dermal Exposure Assessment

The EURAR and Australian risk assessment did not assess dermal exposures during this condition of
use (NICNAS, 2012b; ECHA, 2008b). The potential dermal exposure from handling XPS and EPS
foams containing HBCD is low due to the small weight fraction of HBCD in the foam and because
HBCD is incorporated into the foam matrix, thus is not readily available for exposure (NICNAS, 2012b;
ECHA., 2008b). EPA does not expect dermal exposures to HBCD during this condition of use due to the
same considerations.

Strengths, Limitations, and Confidence in Assessment Results

EPA has low to medium confidence in the assessed air concentrations presented above. EPA considered
the assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of the OSHA PEL for PNOR, is the
second to lowest approach of the inhalation exposure approach hierarchy. The major uncertainty of the
assessment is the extent to which the OSHA PEL for PNOR represents occupational inhalation exposure
air concentrations. The limitation of the assessment is the uncertainty in the representativeness of the
OSHA PEL for PNOR. Additionally, as HBCD is entrained within foam particles, this assessment could
overestimate worker exposure to HBCD because it may not be fully available for absorption. Based on
the strengths and limitations, EPA has a low to medium confidence in the assessed occupational
inhalation exposure air concentrations.

2.4.1.11  Processing: Recycling of EPS Foam and Reuse of XPS Foam
Workers at EPS foam recycling sites will likely unload EPS foam boards into grinding equipment where
the boards are ground and transported to the EPS foam molding equipment. Workers may cut the EPS
foam prior to grinding to allow the EPS boards to fit into the grinder. The grinding of recycled EPS
boards may produce dust that becomes airborne, which can be inhaled by workers and ONUs. In
addition, once new EPS foam is produced, it may be cut or reshaped. XPS reuse may involve the cutting
or reshaping of the XPS insulation, which may produce particulates to which workers may be exposed
via inhalation.

Number of Potentially Exposed Workers and Occupational Non-Users

EPA estimated exposures for workers at two recycling and reuse sites based on the information in

Section 2.2.11. To recycle EPS foam, the EPS boards are grinded and introduced into the EPS molding

process with virgin EPS (ECHA., 2008b). Therefore, EPS recycling is likely to be performed at sites

with similar operations to those described for EPS foam manufacturing in Section 2.2.6. Thus, EPA

assumed the same number of workers and ONUs as described in Section 2.4.1.6 (

Processing: Manufacturing of EPS Foam from Imported EPS Resin Beads). For this estimate, EPA

utilized worker and ONU estimates determined from an analysis of BLS data for the NAICS code

326140, Polystyrene Foam Product Manufacturing. These data indicate that there are, on average,

20 workers and 6 ONUs per site within NAICS code 326140. Based on these data and two sites for the

recycling of EPS foam and reuse of XPS, EPA estimated that a total of 39 workers and 11 ONUs are
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potentially exposed during this life cycle stage. EPA used unrounded figures for the number of workers
and ONUs per site to calculate these totals, resulting in the slight discrepancy.

EPA notes that the number of workers potentially exposed during reuse of XPS may differ from the
estimate above, if XPS is reused directly at construction sites and is not first processed (i.e., cut or
otherwise re-shaped) at industrial processing sites.

Inhalation Exposure Assessment

EPA did not identify HBCD inhalation monitoring data for this condition of use. The EURAR and
NICNAS assessment did not estimate exposures, stating that these exposures are expected to be low in
comparison to conditions of use where HBCD is handled in powder, granular, or masterbatch form, due
to the lower concentration of HBCD and because it is within the XPS or EPS matrix ((NICNAS, 2012b;
ECHA., 2008b). However, the monitoring data presented in Section 2.4.1.4 and 2.4.1.5 indicate the
potential for worker exposure via inhalation of foam particles containing HBCD, assuming that the
workers are exposed to the concentration of HBCD within the inhaled foam particles. These
concentrations are less those for the handling of HBCD powder (discussed in Sections 2.4.1.2 and
2.4.1.3). During this condition of use, EPA assessed worker inhalation exposure from inhalation of foam
particles containing HBCD, as described below, noting that the exposure to HBCD may be less because
HBCD is entrained within the foam particles and may not be fully available for absorption.

To estimate potential inhalation exposures, EPA uses the data discussed in Section 2.4.1.4 for the
production of XPS Foam from XPS Masterbatch as surrogate for this condition of use. This data had an
overall confidence rating of High. As discussed in Section 2.4.1.4, EPA used the mean value of 0.08
mg/m? as a central tendency estimate of exposure concentration and the 90 percentile value of 0.22
mg/m? as the high-end estimate of exposure concentration. These values are from Searl and Robertson
(2005) (noted as 5a in Table 2-64 in Section 2.4.1.4). Refer to this section for additional discussion of
these data.

For this condition of use, EPS foam is broken down and grinded so that it can be introduced into the
EPS converting process and reprocessed into EPS foam. XPS reuse may involve the cutting or reshaping
of the XPS insulation. EPA uses the same data as that used in Section 2.4.1.4 for the production of XPS
Foam from XPS Masterbatch because these data are for workers performing secondary processing of
XPS foam, which includes cutting, sawing, or machining of XPS foam. EPA recognizes that exposures
during processing of EPS foam will likely differ somewhat from that during cutting of XPS; however,
the results in Zhang et al. (Zhang et al., 2012) (noted as Zhang et al. (2012) — 1a-b in Table 2-64)
suggest that exposures during the two scenarios are likely similar. The data reported in Zhang et al.
(2012) is from a laboratory study of thermal (hot wire) cutting of XPS and EPS foam in a laboratory
glovebox (Zhang et al., 2012),which is presented in Zhang et al. (2012) — 1a-b of Table 2-64, as well as
Table Apx E-3. in Appendix 0. EPA did not use data from Zhang et al. (Zhang et al., 2012) because
they were taken in a laboratory glovebox, which is not representative of realistic conditions for this use
and because the data are not PBZ data.

As discussed, there is uncertainty as to the extent to which the data on the processing of XPS foam is
applicable to the processing of EPS foam. An additional source of uncertainty is that industrial XPS
foam manufacturing sites may have different working conditions (i.e., type of cutting equipment used,
amount of foam cut in a day, and ventilation) than EPS foam manufacturing sites. Further, uncertainty
exists from the potential differences in equipment and controls used at the European sites at which the
monitoring was conducted and sites in the United States. However, due to the lack of additional data and
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because of the similarities in worker activities, EPA believes this surrogate data is sufficient. The quality
of the data was assessed through EPA’s systematic review process and evaluated on the credibility of the
source, transparency of the data, and applicability of the data. The monitoring data was rated an overall
confidence rating of high.

As discussed in Section 2.2.11, EPA estimated a range of release days of 1 to 140 days/year. EPA
expects this range of release days is also reflective of the operating days during which foam containing
HBCD is recycled at a converting site and workers are potentially exposed to HBCD. EPA used the
midpoint of this range of exposure frequency, rounded up where the midpoint resulted in fractions of
days, to calculate central tendency average daily dose. EPA used the high-end of this range of exposure
frequency to calculate high-end average daily dose. Additionally, EPA estimated worker exposure over
the full working day, or eight hours/day, as the data used to estimate inhalation exposures is 8-hour
TWA data.

Dermal Exposure Assessment

EPA did not find data on potential levels of dermal exposure for workers engaged in activities related to
the recycling of EPS foam. The EURAR and Australian risk assessment did not assess dermal exposures
during this condition of use, with both reports stating that these exposures are expected to be low
because HBCD is incorporated into the foam matrix, thus is not readily available for exposure
(NICNAS, 2012b; ECHA, 2008b). The potential dermal exposure from handling EPS and XPS foams
containing HBCD is low due to the small weight fraction of HBCD in the foam and because HBCD is
incorporated into the foam matrix, thus is not readily available for exposure (NICNAS, 2012b; ECHA,
2008b). EPA does not expect dermal exposures to HBCD during this condition of use due to the same
considerations.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed air concentrations presented above. EPA considered the
assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
exposure air concentration. The major uncertainty of the assessment is the extent to which the
monitoring data represents occupational inhalation exposure air concentrations pertaining to workers in
the U.S. Additionally, as HBCD is entrained within foam particles, this assessment could overestimate
worker exposure to HBCD because it may not be fully available for absorption. The strength of the
assessment is the quality of the data and the limitation of the assessment is the uncertainty in the
assessment results. Based on this strength and limitation, EPA has medium confidence in the assessed
occupational inhalation exposure air concentrations.

2.4.1.12  Processing: Formulation of Flux/Solder Pastes
The flux/solder paste formulation site purchases HBCD of unknown physical form and HBCD
concentration. EPA estimated exposures for workers that handle HBCD as a solid that may generate dust
during transfer activities. The concentration of HBCD received at this site is unknown. EPA estimated
worker exposures assuming that this site receives pure HBCD or formulations containing nearly 100%
HCBD.

Workers at formulation sites will likely unload HCBD into mixing equipment, where the HBCD is

mixed with other ingredients and becomes suspended in the solder flux component formulation. This

HBCD transfer may result in worker inhalation exposure to HBCD dust and dermal exposure to solid
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HBCD. Additionally, the generated dust from these transfer activities may result in ONU inhalation and
dermal exposure to HBCD.

Workers may also be potentially exposed from occasional cleaning of process equipment and loading of
formulations into containers to be shipped to China for final formulation of the flux/solder paste.
However, the unloading of HBCD powder is expected to present the highest potential exposure to
HBCD, as HBCD is at the highest concentration during this activity.

Number of Potentially Exposed Workers and Occupational Non-Users
As discussed in Section 2.2.13, EPA estimated exposures for workers at one solder flux component
formulation site.

The number of workers and ONUs potentially exposed during this condition of use was estimated using
BLS data for the NAICS code 325998, All Other Miscellaneous Chemical Product and Preparation
Manufacturing. These data are summarized in Table 2-67 below. Based on these data, EPA estimated
that a total of 14 workers and 5 ONUs are potentially exposed during this condition of use.

Table 2-67. US Number of Establishments and Employees for Formulation of Solder Flux

2016 Number of Number of | Number of

Scenario NAICS 2016 NAICS Title Establishments Worski:: per Ol\;Ithse E)er

All Other Miscellaneous
325998 Chemical Product and 1 14 5
Preparation Manufacturing
2Rounded to the nearest whole number.

Formulation of flux
and solder

Inhalation Exposure Assessment

EPA did not identify personal monitoring data for the formulation of flux/solder pastes using HBCD
powder. EPA used the same methodology to estimate inhalation exposures for this condition of use as
that used for Section 2.4.1.3, Compounding of Polystyrene Resin to Produce XPS Masterbatch.
Specifically, EPA used the “reasonable worst-case” and “typical” values reported in the EURAR for use
of HBCD as an additive in polymer processing (ECHA., 2008b). These data had an overall confidence
rating of High. As discussed in Section 2.4.1.3, the “reasonable worst-case” reported by the EURAR is
based on 90" percentile data and the “typical” value is half this concentration. EPA used the “reasonable
worst-case” value of 2.5 mg/m? for an estimate of high-end worker exposure and the typical value of
1.25 mg/m? for an estimate of central-tendency worker exposure. Refer to Section 2.4.1.3 for additional
discussion of this data.

EPA expects the largest source of potential inhalation exposure for both conditions of use is the handling
of HBCD standard grade powder. However, there is uncertainty in the extent to which the worker
activities at compounding sites are applicable to solder formulation sites. An uncertainty of this
assessment is also the extent to which operations at European sites reflect those at sites in the United
States. However, due to the lack of additional data and because of the similarities in worker activities,
EPA believes this surrogate data is sufficient. The quality of the data was assessed through EPA’s
systematic review process and evaluated on the credibility of the source, transparency of the data, and
applicability of the data. The monitoring data was rated an overall confidence rating of high.
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As discussed in Section 2.2.12, EPA estimated days of release at a formulation site as a range from 5 to
300 days/year. EPA expects this range of release days is also reflective of the operating days during
which HBCD is processed at a formulation site and workers are potentially exposed to HBCD.

However, EPA does not expect that workers will be exposed greater than 250 day/year, accounting for a
worker schedule of five days per week and 50 weeks per year. Based on this information, EPA estimated
worker exposures over the exposure frequency of 5 to 250 days/year. EPA used the midpoint of this
range of exposure frequency, rounded up where the midpoint resulted in fractions of days, to calculate
central tendency average daily dose. EPA used the high-end of this range of exposure frequency to
calculate high-end average daily dose. Additionally, EPA estimated worker exposure over the full
working day, or eight hours/day, as the data used to estimate inhalation exposures is 8-hour TWA data.

Dermal Exposure Assessment

EPA estimated dermal exposure to HBCD from unloading HBCD powder using the EPA/OPPT Direct
2-Hand Dermal Contact with Solids Model, which is described in Section 2.4.1.1. EPA calculated
dermal exposure assuming two-hand contact to solids containing 100% HBCD . EPA used this weight
fraction because workers have the highest potential dermal exposure concentration to HBCD during the
unloading of HBCD powder, prior to formulation. EPA calculated the potential dose for a worker to be
3,100 mg HBCD/day. The EURAR did not estimate dermal exposures during this condition of use. The
NICNAS report did use EASE to model dermal exposure during the addition and weighing of HBCD
into processes, which is covered in this condition of use. The NICNAS report estimated a dermal dose
rate of 0.1 to 1 mg/cm?-day. This results in a dose of 107 to 1,070 mg/day, using EPA’s two-hand
surface area of 1,070 cm? (NICNAS, 2012b; ECHA., 2008b).

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed air concentrations presented above. EPA considered
the assessment approach, the quality of the data, and uncertainties in assessment results to determine the
level of confidence. The assessment approach, which is the use of surrogate monitoring data, is in the
middle of the inhalation exposure approach hierarchy. Using systematic review, EPA assigned an
overall confidence rating of high to the surrogate monitoring data that was used to assess the inhalation
exposure air concentration. The major uncertainty of the assessment is the extent to which the assessed
occupational inhalation exposure air concentrations represent the distribution of inhalation exposure air
concentrations pertaining to workers in the U.S. The strengths of the assessment are the quality of the
data and the applicability of the surrogate monitoring data, while the limitation of the assessment is the
uncertainty in the assessment results. Based on these strengths and limitation, EPA has medium to high
confidence in the assessed occupational inhalation exposure air concentrations.

2.4.1.13  Use of Flux/Solder Paste
The website of the flux and solder formulator identified in 2017 TRI indicates that these formulations
are frequently supplied in small containers, such as syringes and 100-gram jugs. Workers may be
potentially exposed during unloading into application equipment.

Number of Potentially Exposed Workers and Occupational Non-Users
EPA estimated exposures for workers at 227 sites based on the information in Section 2.2.13. For this
estimate, EPA utilized workers and ONU estimates determined from an analysis of BLS data for the
NAICS code 334400, Semiconductor and Other Electronic Component Manufacturing. These data
indicate that there are, on average, 30 workers and 37 ONUs per site within NAICS code 334400. Based
on these data and 227 sites, EPA estimated that a total of 6,800 workers and 6,100 ONUs are potentially
exposed during this life cycle stage. EPA used unrounded figures for the number of workers and ONUs
per site to calculate these totals, resulting in the slight discrepancy.
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Inhalation

During this condition of use HBCD is in paste form within the flux/solder paste and is not available for
particulate generation and exposure. Additionally, based on the process description, EPA does not
expect the use of flux/solder pastes to generate mists or other particulates, nor vapors, due to the low
volatility of HBCD. The EURAR and NICNAS RAR indicate that HBCD begins to thermally degrade at
temperatures around 190 degrees Celsius (NICNAS, 2012b; ECHA, 2008b). Typical soldering
formulations start to melt between 183-188 degrees Celsius, and the soldering temperatures are expected
to be set higher up to 300 degrees Celsius (Indium Corporation, 2019a, b). EPA expects that the
soldering process will destroy (via thermal degradation) the HBCD, making it unavailable for exposure.
Based on this description, EPA does not expect worker inhalation exposure to HBCD during this
condition of use.

Dermal

EPA estimated dermal exposure to HBCD from unloading HBCD powder using the EPA/OPPT Direct
2-Hand Dermal Contact with Container Surfaces (Solids) Model, which is described in Section 2.4.1.1.
EPA used this model because the amount of dermal contact that workers are potentially exposed to is
likely smaller than that estimated in the other conditions of use. This model uses a smaller quantity of
solids on hands to estimate potential dose, based on worker contact with container surfaces. EPA
calculated dermal exposure assuming two-hand contact to solids containing 1% HBCD. Using this
model and 1% HBCD, EPA calculated the potential dose for a worker to be 11.0 mg HBCD/day. The
EURAR and NICNAS did not estimate dermal exposures during this condition of use (NICNAS, 2012b;
ECHA, 2008b).

Strengths, Limitations, and Confidence in Assessment Results

EPA did not assess occupational inhalation exposures during this condition of use based on literature
and industry information indicating that the temperatures at which soldering occurs are likely to result in
the degradation of HBCD, as discussed above.

2.4.1.14  Assumptions and Key Sources of Uncertainties for Occupational Exposures
Uncertainty is “the lack of knowledge about specific variables, parameters, models, or other factors” and
can be described qualitatively or quantitatively. The following sections discuss uncertainties throughout
the assessed HBCD condition of use scenarios.

2.4.1.14.1 Number of Workers

There are a number of uncertainties surrounding the estimated number of workers potentially exposed to
HBCD, as outlined below.

First, BLS” OES employment data for each industry/occupation combination are only available at the 3-,
4-, or 5-digit NAICS level, rather than the full 6-digit NAICS level. This lack of granularity could result
in an overestimate of the number of exposed workers if some 6-digit NAICS are included in the less
granular BLS estimates but are not, in reality, likely to use HBCD for the assessed applications. EPA
addressed this issue by refining the OES estimates using total employment data from the U.S. Census’
SUSB. However, this approach assumes that the distribution of occupation types (SOC codes) in each 6-
digit NAICS is equal to the distribution of occupation types at the parent 5-digit NAICS level. If the
distribution of workers in occupations with HBCD exposure differs from the overall distribution of
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workers in each NAICS, then this approach may result in inaccuracy, resulting in either an
overestimation or underestimation of the number of potentially exposed workers.

Second, EPA’s judgments about which industries (represented by NAICS codes) and occupations
(represented by SOC codes) are associated with the uses assessed in this assessment are based on EPA’s
understanding of how HBCD is used in each industry. Designations of which industries and occupations
have potential exposures is nevertheless subjective, and some industries/occupations with few exposures
might erroneously be included, or some industries/occupations with exposures might erroneously be
excluded. This would result in inaccuracy and could either overestimate or underestimate the estimate of
exposed workers.

2.4.1.14.2 Analysis of Exposure Monitoring Data
EPA used worker potential inhalation exposure monitoring data from the EURAR to develop exposure
estimates for most of the conditions of use. The conclusion of EPA’s systematic review of this data
source is a rating of high confidence in this data source. Whether the data source is a trusted source is
one of the factors of the confidence rating. EPA’s assessment is that the EU RAR is a trusted data source
and therefore EPA used this data source even though there is uncertainty about whether there is inherent
bias in the worker potential inhalation exposure monitoring data that the EU RAR contains and
uncertainty about the statistical attributes of this data. Worker monitoring data may be inherently biased,
depending on the circumstances of the monitoring. For example, bias may be present if exposure
monitoring was conducted to address concerns regarding adverse human health effects reported
following exposures during use. The scope and purpose of the monitoring may result in overestimation
or underestimation of exposures. Also, the discrete data from the original source was not available, so
EPA used reported statistics in the EURAR (e.g., median, mean, 90" percentile). This results in some
uncertainty because EPA could not verify these statistics.

Another factor of the confidence rating of the EURAR is the geographic attribute (i.e., the location at
which monitoring occurred) of the worker inhalation exposure monitoring data that are reported in the
EURAR. The data reported in the EURAR pertains to worker exposure at sites in Europe and the extent
to which this data is applicable to exposure of workers in the U.S. is uncertain.

EPA did not find worker potential inhalation exposure monitoring data for some of the occupational
exposure scenarios. EPA assessed these scenarios by using surrogate worker inhalation exposure
monitoring data for scenarios that EPA considers to be similar to the assessed scenario. There is
uncertainty about the extent to which the scenarios are similar and the extent to which the monitoring
data is applicable to the assessed exposure scenarios. However, EPA selected the surrogate data that
EPA considers to be the most applicable, based on expected worker activities and operating conditions.

During some conditions of use, HBCD is entrained within XPS and EPS foam. For these conditions of
use, EPA assessed worker inhalation exposure from monitoring data on the inhalation of particles from
foam containing HBCD, assuming that the workers are exposed to the concentration of HBCD within
the inhaled particles reported in the study. As HBCD is entrained within the foam during these
conditions of use, this assessment could overestimate worker exposure to HBCD because it may not be
fully available for absorption.

EPA expects potential inhalation exposures of ONUs to HBCD dust or foam particles containing

HBCD. EPA expects these ONU exposures to be lower than the potential exposures of the

corresponding workers, as discussed in this document. EPA did not assess these ONU exposures

quantitatively due to lack of data. The lower HBCD air concentration to which ONUs are potentially
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exposed would result in lower risk for ONUs as compared to workers, with regards to inhalation
exposure.

EPA calculated average daily dose (ADD) for use in risk characterization assuming an exposure
frequency equal to the midpoint and high-end of the range of operating days per year, as discussed for
each condition of use. Use of the high-end exposure days assumes the workers are exposed every
working day, which may be an overestimate if workers do not handle HBCD during each day of
operation.

2.4.1.14.3 Modeling Dermal Exposures
To model dermal exposures, EPA used the EPA/OPPT Direct 2-Hand Dermal Contact with Solids
Model and the EPA/OPPT Direct 2-Hand Dermal Contact with Container Surfaces (Solids) Model. The
dermal models are screening-level models that uses a high-end quantity of solids on the skin (U.S. EPA
2013a). These models do not account for the potential exposure reduction due to glove use. The use of
these models may result in overestimation of exposures if workers wear glove protection. EPA modeled
dermal exposures using an upper-end estimate of 6.5% steady-state absorption (see Section 3.2.2).
Absorption in occupational settings may be lower than this value based on frequent hand washing or
uneven distribution across skin.

2.4.1.15 Summary of Occupational Exposures
For the risk characterization of occupational exposures, EPA used the 8-hour TWA exposure
concentrations (both central tendency and high-end values) that EPA selected for each condition of use
(refer to Sections 2.4.1.2 through 2.4.1.13 for rationale for these selections). Specifically, EPA used
these exposure concentration values to calculate acute exposure dose (AED) and acute daily dose
(ADD), which were then multiplied by the inhalation absorption factor of 100% (discussed in Section
3.2.2) to estimate the acute absorbed dose (AAD) and chronic absorbed dose (CAD), respectively.
Similarly, for dermal exposures, EPA used the potential dermal dose rates (refer to Sections 2.4.1.2
through 0 for rationale for EPA’s determination of these values) to calculate AED and ADD, them
multiplied these values by a dermal absorption factor of 6.5% (discussed later in Section 3.2.2) to
estimate the AAD and CAD.-Additional explanation of these equations and example calculations are
located in Appendix E.4 and Appendix E.5, respectively.

A summary of the 8-hour TWA or dermal dose rate, AAD, and CAD values used in this risk evaluation

is presented in Table 2-68 and below. The ADD and CAD are used to characterize chronic, non-cancer
risks in Section 4.2.
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Table 2-68. Acute and Chronic Inhalation Exposure Estimates, Worker Occupational Scenarios®

Occupational Scenario —
Inhalation Exposure

Eight-Hour TWA Exposures
Cuscp, 8-hr TWA (mg/m?®)

Acute Absorbed Dose
AADugcp (mg/kg-day)

Chronic Absorbed Dose
CADugcp (mg/kg-day)

Characterization

High-End Tfﬁgg‘cly High-End |Central Tendency| High-End Tifl‘(’lte‘;:‘cly
- : High-end: 90th percentile
f;;ff:;‘(‘)ﬁ;ﬁffe’i‘:kag“‘g of 1.9E+00 8.9E-01 2.4E-01 1.1E-01 1.6E-01 4.27E-02 _
Central Tendency: Median
High-end: Reasonable ‘worst-
Processing: Compounding of case’ from EURAR
Polystyrene Resin to Produce 2.5E+00 1.3E+00 3.1E-01 1.6E-01 5.1E-02 1.50E-02
XPS Masterbatch Central Tendency: Typical from
EURAR
Processing: Manufacturing of High-end: 90th percentile
XPS Foam Using XPS 2.2E-01 8.0E-02 2.8E-02 1.0E-02 1.2E-03 2.47E-04
Masterbatch Central Tendency: Mean
High-end: Reasonable ‘worst-
Processing: Manufacturing of case’ from EURAR
XPS Foam Using HBCD 2.5E+00 1.3E+00 3.1E-01 1.6E-01 1.4E-02 3.85E-03
Powder Central Tendency: Typical from
EURAR
Processing: Manufacturing of . .
EPS Foangl Using Importe(% EPS| 2.2E-01 8.0E-02 2.8E-02 1.0E-02 1.1E-02 2.14E-03 High-end: 90th percentile
. Central Tendency: Mean
Resin Beads
ls’;r?ztzs;gli.ulz/‘l)z:::;;ceturlng e High-end: 90th percentile
2.2E-01 8.0E-02 2.8E-02 1.0E-02 1.9E-02 3.64E-03
Replacement Parts from Central Tendency: Mean
EPS/XPS Foam )
Use: Installation of Automobile
Replacement Parts® B B B B B B
Use: Installation of EPS/XPS
Foam Insulation in Residential, High-end: 90th percentile
Public and Commercial 2.2E-01 8.0E-02 2.8E-02 1.OE-02 1.9E-02 3.45E-03 Central Tendency: Mean
Buildings, and Other Structures
Demolition of EPS/XPS Foam This is a range using the OSHA
Insulation in Residential, Public PNOR PEL of 15 mg/m3 and
and Commercial Buildings, and 3.0E-01 11E-01 3.8E-02 1.3E-02 2.6E-02 4.53E-03 HBCD concentration of 0.7% in
Other Structures EPS and 2% in XPS.
Processing: Recycling of EPS 2 2E-01 8 0E-02 2 8E-02 1.0E-02 L1E-02 1.95E-03 High-end: 90th percentile
Foam Central Tendency: Mean
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High-end: Reasonable ‘worst-

Processing: Formulation of Flux case’ from EURAR
/ Solder Paste 2.5E+00 1.3E+00 3.1E-01 1.6E-01 2.1E-01 5.48E-02 Central Tendency: Typical from
EURAR

Use of Flux / Solder Paste® - - - - - -

Note: *As discussed in Section 2.4.1.1 EPA expects potential inhalation exposure of an Occupational Non-User (ONU) in the case of some of the conditions of use but
EPA did not assess this exposure due to lack of data. EPA expects these exposures to be lower than the exposures of the corresponding workers. "EPA did not estimate
inhalation exposures for these conditions of use as EPA does not expect the generation of dust for these conditions of use.

Table 2-69. Acute and Chronic Dermal Exposure Estimates, Worker Occupational Scenarios

Potential Acute Chronic Absorbed Characterization
Dose Rate Absorbed Dose Dose
Occupational Scenario — Dermal Exposure CADugcp (mg/kg-
Dexp (mg/day) AADHuscp day)?
exp (ME/CAY (mg/kg-day) . Central
High-End
Tendency

Chronic absorbed dose —

3.1E+03 2.5E+00 1.7E+00 9.7E-01 High-end: Maximum number of exposure days

Central tendency: midpoint of exposure days
Chronic absorbed dose —

3.1E+03 2.5E+00 4.1E-01 2.4E-01 High-end: Maximum number of exposure days

Central tendency: midpoint of exposure days
Chronic absorbed dose —

2.2E+03 1.8E+00 7.7E-02 4.4E-02 High-end: Maximum number of exposure days

Central tendency: midpoint of exposure days
Chronic absorbed dose —

3.1E+03 2.5E+00 1.1E-01 6.2E-02 High-end: Maximum number of exposure days

Central tendency: midpoint of exposure days

Processing: Repackaging of import
containers

Processing: Compounding of Polystyrene
Resin to Produce XPS Masterbatch

Processing: Manufacturing of XPS Foam
Using XPS Masterbatch

Processing: Manufacturing of XPS Foam
Using HBCD Powder

Processing: Manufacturing of EPS Foam
Using Imported EPS Resin Beads
Processing: Manufacturing of SIPs and
Automobile Replacement Parts from -- -- --
EPS/XPS Foam

Use: Installation of Automobile
Replacement Parts

Use: Installation of EPS/XPS Foam
Insulation in Residential, Public and
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Potential Acute Chronic Absorbed Characterization
Dose Rate Absorbed Dose Dose
Occupational Scenario — Dermal Exposure CADugcp (mg/kg-
Dexp (mg/day) AADuscp day)*
ep (ME/CAY (mg/kg-day) . Central
High-End
Tendency
Commercial Buildings, and Other
Structures
Demolition of EPS/XPS Foam Insulation in
Residential, Public and Commercial - -- -
Buildings, and Other Structures
Processing: Recycling of EPS Foam -- -- --
] ] Chronic absorbed dose —
g;(s)tc:ssmg. AU EYHOD O3 e 13 3.1E+03 2.5E+00 1.7E+00 8.8E-01 High-end: Maximum number of exposure days
Central tendency: midpoint of exposure days
Chronic absorbed dose —
Use of Flux / Solder Paste 1.1E+01 8.9E-03 6.1E-03 3.1E-03 High-end: Maximum number of exposure days
Central tendency: midpoint of exposure days
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2.4.2 Exposure to General Population and Highly Exposed Groups

24.2.1 Approach and Methodology
HBCD is used primarily as an additive flame retardant in a variety of materials. HBCD has been
detected in the indoor and outdoor environment and in human biomonitoring indicating that some
amount of exposure is occurring in some individuals, although exposures likely vary across the general
population. See Draft Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental
Information on General Population, Environmental, and Consumer Exposure Assessment. (U.S. EPA
2019d) for a summary of environmental and biomonitoring studies where HBCD has been detected.

The migration of additive flame retardants from indoor sources such as building materials, plastics, and
other articles appears a likely source of flame retardants found in indoor dust, suspended particles, and
indoor air (Guo, 2013; Dodson et al., 2012b; Weschler and Nazaroff, 2010). However, the relative
contribution of different sources of HBCD in these matrices is not well characterized. For example,
HBCD present in building insulation, textiles, and recycled XPS and EPS materials are likely to have
differing magnitudes of emissions.

Emission of HBCD is likely to occur through the following mechanisms: diffusion from sources and
gas-phase mass-transfer, abrasion of materials to form small particulates through routine use, and direct
transfer from articles to dust adhered to the article surface. Releases of flame retardants to the outdoor
environment may occur through direct releases to water and air as well as indirect releases from the
indoor environment.

The general population may be exposed to HBCD through oral, inhalation, or dermal exposure although
oral exposure is the greatest contributor to overall exposure. EPA considered available monitoring data
to characterize exposures to the general population. EPA considered both available monitoring data and
scenario-specific modeled estimates to characterize exposure for highly-exposed groups (e.g., workers
or people with high fish ingestion rates). Estimates of exposure for highly-exposed groups likely apply
to relatively fewer individuals, while the general population exposure estimates are expected to be
relevant for more people in the general population.

Exposure to the general population is more homogenous as this group is exposed to primarily
background-levels of HBCD in media. Highly-exposed group(s) are more heterogenous in that they are
also exposed to scenario-specific exposures, which can also vary depending on the subpopulation, from
releases to water, air, and consumer articles. For all exposure groups, EPA estimated exposures using
EPA exposure factors, some of which were recently updated (U.S. EPA, 2011b). EPA also considered
estimated intakes and doses reported by others but acknowledges that these estimates were generally
derived using different exposure factors. EPA acknowledges that some exposure factors for highly-
exposed groups could be higher than the general population. Further discussion of highly exposed
groups is provided in the Draft Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD),
Supplemental Information on General Population, Environmental, and Consumer Exposure Assessment.
(USS. EPA, 2019d).

In this evaluation, general population is considered to be individuals who are not expected to live close
to point sources (far-field) and are not expected to have HBCD-containing articles in their home,
although data on the prevalence of articles containing HBCD in homes throughout the United States is
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not well characterized. Exposure to these individuals was characterized using monitoring data. No

modeling data was used for this population. The following exposure pathways were evaluated for the
general population:
Dietary (all foods- breast milk, fish/shellfish, meat/eggs/dairy, grain/vegetables/fruit)

Dust and Soil Ingestion
Inhalation of particles

Dermal absorption of dust

In this evaluation, highly-exposed groups include individuals who are expected to live close by point
sources and/or have HBCD insulation products in their homes and/or automotive components in their
vehicles. Exposure to these individuals is supplemented by modeling and compared with monitoring
data. All exposure scenarios identified in Section 2.2 are part of the highly exposed group. EPA also
identified additional scenarios for highly exposed groups, some of which have quantitative exposure
estimates and some of which have a qualitative discussion. Modeled dust and indoor air concentrations,
modeled outdoor air concentrations, modeled water concentrations, and estimated soil, fish, and dietary
concentrations will be considered alongside available monitoring data. The following exposure
pathways/scenarios are considered for highly exposed groups in this assessment.

Table 2-70. Exposure Scenario Description for Highly Exposed Groups

Source Media/Pathway Receptor Approach
A1l |HBCD emitted from any |Fish Tissue: Emission into |Children, adults Quantitative, PSC
point source during its water and uptake into fish and Lipid
lifecycle from Scenarios |tissue Normalized
described in Section 2.2 Upper Trophic
Level BAF,
Monitoring
A2 |HBCD emitted from any |Air: Emission to air and Children, Adults Quantitative,
point source during its subsequent inhalation of [IOAC
lifecycle from Scenarios | particles
described in Section 2.2
A3 |EPS/XPS insulation in Dust: Emission from Children and Adults |Quantitative-
residences insulation into indoor air IECCU
settled dust
A4 |HBCD contained in Dust: Emission into Children and Adults |Quantitative-
automobile components | automobile cabin air and IECCU
settled dust
AS5 |EPS and XPS insulation |Air: Emission from Children and Adults |Qualitative
in buildings during use building interior to ambient |living near buildings
air surrounding buildings | containing HBCD
A6 |Recycled consumer Articles: Mouthing, direct |Young children Quantitative
articles that contain contact
HBCD
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Source Media/Pathway Receptor Approach
A7 |HBCD sent to landfill Air, Soil, Water: Populations living | Qualitative
across the lifecycle Comingled HBCD near landfills
containing materials leach
into soil, disposed food, Nesting birds living
and water near landfills

Central tendency and high-end exposure descriptors are provided for general population and highly
exposed groups as shown in Table 2-71. EPA reports age-specific doses for each overall exposure group
and acknowledges that there could be further refinement of highly exposed (high-end) and potentially
exposed or susceptible subpopulations (PESS) within this overall schema as receptor categories overlap
and individuals may belong to multiple receptor groups. Further characterization of heterogeneity of
who is included in the highly-exposed group and associated variability of exposure factors within the
highly-exposed group is discussed in the Draft Risk Evaluation for Cyclic Aliphatic Bromide Cluster
(HBCD), Supplemental Information on General Population, Environmental, and Consumer Exposure
Assessment (U.S. EPA, 2019d). Further discussion of qualitative and semi-quantitative examples of
highly exposed and susceptible subpopulations is also provided in Section 4.4.1.

Table 2-71. Exposure Descriptors Corresponding to Exposure Groups

Exposure Group Exposure Descriptor
Central Tendency High-End
General Population by | - Individuals not living near facilities | - Individuals not living near facilities
Age Group - Uncertainty associated with source | - Uncertainty associated with source
apportionment of indoor sources apportionment of indoor sources
- Fewer exposure pathways - Fewer exposure pathways
- Central tendency exposure factors | - High-end exposure factors and
and concentrations concentrations
- Assumed to represent the general - Assumed to represent the high-end of
population, i.e., applies to the most the general population (i.e., applies
people to fewer people in the general
population)
Highly Exposed by Age | - Individuals who are living near - Individuals who are living near
Group facilities facilities
- Modeled HBCD insulation as - Modeled HBCD insulation as source
source of indoor dust and air of indoor dust and air
- Includes more exposure pathways - Includes more exposure pathways
- Central tendency exposure factors - High-end Exposure Factors and
and concentrations Concentrations (e.g., subsistence
- Overlaps more with PESS, these fishers)
exposure estimates will be the high | - Overlaps with PESS, these exposure
but will apply to fewer people estimates will be the highest but will
apply to the fewest number of people
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EPA notes that should sources emitted from industrial facilities continue to decline, over time exposures
near these facilities could likely trend towards general population exposures. Recently, manufacturers of
HBCD indicated that production of HBCD in the United States has ceased as discussed in Section 1.2.2.
Since the initiation of this risk evaluation period in December 2016, HBCD may still be imported into
the United States and handled by processing facilities. However, the amount of HBCD and the uses of
HBCD in the United States may be lower when compared to past amounts and uses. Therefore, exposure
potential in the future may be lower than the past. EPA has included a discussion of observed trends in
monitoring data and has noted observed trends with estimated releases to the environment. While both
trends suggest reduced sources of HBCD in the environment, HBCD’s persistence and the potential for
long-range transport, coupled with extended shelf-life of HBCD-containing articles in buildings and
recycling of these same articles throughout the United States suggests that there may be a continuing
sources for emission of HBCD extending into the future.

EPA also considered age-specific differences in exposure. EPA used the CHAD database (U.S. EPA
2009a) to inform how much time individuals spend in various microenvironments. EPA used the
Exposure Factors Handbook (U.S. EPA, 2011b) to inform body weights and intake rates for children and
adults. This approach is described in Draft Risk Evaluation for Cyclic Aliphatic Bromide Cluster
(HBCD), Supplemental Information on General Population, Environmental, and Consumer Exposure
Assessment (U.S. EPA, 2019d). Table 2-72 and Table 2-73 provide an overview of exposure pathways
considered for age groups.

Table 2-72. Summary of Exposure Pathway and Receptor Age Groups used in the Analysis of
HBCD

Exposure Pathway Highly Exposed General Population Age Groups

Dietary:
Meats
Dairy All age groups for all food types.
Fish and Shellfish ., Note, infants only for breast milk

. Monitoring values and o . .

Fruits modeled estimates Monitoring values m.ges.tl(-)n (no formula-fed) and
Vegetables ' individuals older than 1 for
Grains fish/shellfish ingestion.
Breast Milk
Drinking Water

Monitoring values and
Dust Ingestion modeled estimates from Monitoring values All age groups.
indoor sources.

Monitoring values and
Soil Ingestion modeled estimates from Monitoring values All age groups.
outdoor sources.

Monitoring values and
modeled estimates from Monitoring values All age groups.
indoor and outdoor sources.

Dermal contact with
Dust and Soil
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Exposure Pathway Highly Exposed General Population Age Groups
. Monitoring values and
Inhalation of . o
. modeled estimates from Monitoring values All age groups.
Suspended Particles .
indoor and outdoor sources.
Biomonitoring All age groups

Table 2-73. Summary of Exposure Pathway and Approach used in the Analysis of HBCD
Interpretation, . .
Direct Use | Scaling of Reported Interpretation, Scalmg'of
Exposure of Reported | Monitoring Data, WDGCEAWERES il
.. . IECCU | ITIOAC Concentrations with Lipid
Pathway Monitoring Previously . .
Data Completed Normallzc?d Upper Trophic
Level Fish BAF Values
Assessments
Dietary:
Meats
Dairy
Fish and
Shellfish
Fruits Yes Yes Yes
Vegetables
Grains
Breast Milk
Drinking
Water
Dust Ingestion Yes Yes Yes
Soil Ingestion Yes Yes
Dermal Contact
with Dust and Yes Yes
Soil
Inhalation of
Suspended Yes Yes Yes
Particles
All Pathways
from Human
. o . Yes
Biomonitoring
Data
IECCU - EPA’s Indoor Environmental Concentrations in Buildings with Conditioned and Unconditioned Zones
ITIOAC - EPA’s Integrated Indoor-Outdoor Air Calculator
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24.2.2 General Population Exposures from Environmental Monitoring and

Exposure Factors and from Human Biomonitoring and Reverse Dosimetry
EPA estimated exposures to the general population in two ways and found general concordance between
the approaches. First, EPA estimated exposure doses by combining environmental monitoring data (i.e.,
HBCD concentration in dietary sources, dust, soil, ambient air, indoor air, and dermal loading) with age
specific exposure factors and activity patterns. EPA also estimated exposure doses by combining human
biomonitoring data from various environmental matrices with assumptions about lipid content and
generalized one-compartment half-life in the body.

Both approaches consider multiple pathways of exposure. HBCD exposures to the general population
are highly variable and are influenced by both sources into the environment and degradation and
removal from the environment.

EPA describes the equations and environmental monitoring data used to estimate exposures to the
general population in Sections 2.4.2.2 through 2.4.2.5. In short, EPA used central tendency monitoring
data rounded to one significant figure based on the range of acceptable studies for a pathway and
combined that with central tendency exposure factors to derive age specific central tendency doses. EPA
also assumed a lognormal distribution for monitoring data by selecting a high-end monitoring data point
rounded to one significant figure. This value was assigned to the 95" percentile and the central tendency
value was assigned as the geometric mean. This distribution as combined with a range of exposure
factors to estimate a high-end age specific dose.

EPA describes the approach used to estimate doses based on biomonitoring below. HBCD has been
quantified in human samples in blood serum in adults, cord serum, breast milk, and adipose tissue in
generally small, primarily European cohorts in a range of studies. An approach to estimate external
doses of HBCD based on biomonitoring data is reported in Aylward and Hays (Aylward and Hays,
2011b). A simple one-compartment model estimates a 64 day half-life of HBCD in the body. This
coupled with an assumed percent lipid in the body, allows ng/g lipid weight (Iw) biomonitoring values
reported in various matrices to be converted to external exposure doses (mg/kg/day).

HBCD human biomonitoring data were previously extracted from peer-reviewed studies and cleaned to
produce one set of summary statistics per study. A total of 53 peer-reviewed studies, resulting in 62 data
sets with sampling years from 1973 to 2015, reported HBCD data in human adipose tissue, blood, breast
milk, feces, fetal tissue, hair, and placental tissue across the general population, occupational workers
and highly exposed populations. Table 2-74 provides the number of data sets for each population and
media type. Prior to any calculations of dose, the biomonitoring data were standardized to have the same
concentration units of ng/g lipid as follows:
e For data reported as ng/g whole blood or ng/g serum, it was assumed that the lipid content in
whole blood and serum was 25%.
e For data reported as ng/g hair, it was assumed that the lipid content in hair was 6%
e For data reported as ng/L serum, the density of serum (1.024 g/mL as reported in Sniegoski and
Moody, 1979) was used to convert volume to mass.
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Table 2-74. Human HBCD Biomonitoring Data Sets by Population, Type and Number

Population Media Type No. of Data Sets
General Adipose Tissue 5
General Blood / Serum 15
General Breast Milk 32
General Feces 1
General Hair 1
General Placental / Fetal Tissue 2
Highl

Exposed Blood 2
g;i}(l)lsye d Breast Milk 3
Occupational Breast Milk 1

For each set of human biomonitoring data, the estimated external dose of HBCD was estimated using
the approach in Aylward and Hays (Aylward and Hays, 2011a). Aylward and Hays used a basic one-
compartment, first-order pharmacokinetic (PK) model to estimate chronic daily dose. The mass balance
equation for change in chemical mass in one compartment is:

AM, = (D-BW - At) — (k- M, - At)

where M. is the mass of HBCD in the body [mg]
D is the chronic daily dose [mg/kg body weight/day]
BW is the body weight [kg body weight]
At is the change in time [days]
k 1s the first-order elimination rate constant [ 1/day]

The following equations can be substituted into the mass balance equation:

M,
C=
Miipia

M ipia = BW - F;

_In(2)
t1)2

k

where C is the mass of HBCD per mass of lipid in the body [mg/kg lipid]
Miipia 1s the mass of lipid in the body [kg lipid]
F1s the fraction of body weight that is lipid [kg lipid/kg body weight]
t1,2 is the half-life of HBCD [days]
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At steady state, this gives:

D=k-C-F,
In(2
ti2

In this model, the assumptions are:
e Steady state conditions
e Elimination of HBCD from the body is due to a first-order degradation progress
e HBCD distributes equally in lipid throughout the body
e No difference in toxicokinetic parameters between different HBCD isomers

The parameter values used in Aylward and Hays, and subsequently used in the EPA calculations were:
e Fraction of body weight that is lipid was assumed to be 25%
e Half-life of HBCD was previously estimated by (Geyer et al., 2004) to be 64 days with a range
of 23 to 219 days. Geyer et al. calculated the half-life using HBCD concentrations in human
breast milk from the literature (250-2400 ng/kg fat, mean of 700), a daily intake rate of 142
ng/day from two studies of Darnerud and Lind et al., and assuming that the fraction of dose
absorbed from food was 100%.

Changes to either of the two parameters, fraction of body weight that is lipid (#7) and HBCD half-life
(t12), would change the estimated dose.

The figure below shows how these two approaches compare. The overall distribution based on the
biomonitoring data appears to be lognormal and the EPA estimated doses fall within the range of doses
derived from. This comparison provides confidence that EPA is within the correct order of magnitude to
estimate doses to the general population.
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Figure 2-2. Comparison of HBCD Exposure via Environmental Monitoring/Exposure Factor and
Human Biomonitoring/Reverse Dosimetry Approaches

As described earlier in the section, it is unknown how scenario-specific estimates of exposure for highly
exposed populations compare to the doses estimated for the general population. It is also unknown how
temporal trends will ultimately impact biomonitoring studies. One recent study from Australia has
looked at biomonitoring of HBCD over time after their phase out. The authors note that while HBCD
levels are starting to decline, it may be some time before levels decline significantly due to the
persistence of HBCD in the body and ongoing sources of HBCD in the environment (Drage et al., 2015).
This approach is for total HBCD, not specific to the isomeric forms. While not specifically addressed in
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this assessment, HBCD exists in three isomeric forms (alpha, beta, gamma). The different isomeric
forms have Koctanol:water values that differ by more than one log unit, whose biological half-lives vary
significantly (Szabo et al., 2011a; Szabo et al., 2011b, 2010). It is not known if the isomers have species
specific differences in toxicokinetics or toxicodynamics between animals and humans. Given these
uncertainties in the isomeric forms as well as in the pharmacokinetic data used in developing the
equivalent doses, there are uncertainties in the estimated external exposure doses based on
biomonitoring data. Biomonitoring studies in the literature are summarized in the Draft Risk Evaluation
for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on General Population,
Environmental, and Consumer Exposure Assessment (U.S. EPA, 2019d).. There is not a pharmacokinetic
model to fully describe the relationship between HBCD dose and lipid-adjusted HBCD concentrations in
humans, so therefore there is uncertainty associated with using a simpler approach to describe
toxicokinetics and toxicodynamics of HBCD.

24.2.3 Dietary Exposure
For general population exposure, EPA estimated dietary exposure from all food groups based on
monitoring data. For highly exposed groups, EPA focused on estimates from fish-ingestion. The
exposure dose associated with ingesting food is generally derived by multiplying the concentration of
chemical in food by the ingestion rate for that food and dividing by body weight (U.S. EPA. 1992).
Within this overall framework, exposures could be estimated by grouping all foods and liquids together
and using a generic overall exposure factor, disaggregating discrete food groups and using food group
specific exposure factors, or estimating exposures for unique food items. For general population
exposure, available monitoring data was used to estimate central tendency and high-end concentrations
of HBCD in food groups. Note, that for general population estimates monitoring data based on breast
milk, and purchased seafood, meat, dairy, fruits, and vegetables was used. For highly exposed groups,
monitoring data based on fish-tissue concentrations as well as modeled estimates of fish tissue based on
modeled concentrations of HBCD in dissolved surface water and lip normalized BAFs were used (U.S.
EPA. 2007). The upper trophic level lipid normalized BAF calculated from the data of Wu et al. (Wu et
al., 2010) and converted to a wet weight BAF of 46,488 was used in the exposure estimates. See Section
2.1.3.

Table 2-75 shows how these general approaches were used to estimate dietary exposures for general
population and highly exposed groups.

Table 2-75: Summary of Food and Fish Concentrations used in the Analysis of HBCD
Approach Highly Exposed General Population

Monitored central tendency (CT) and high-end (HE) food group

. Yes
concentration

Full range of monitored surface water concentrations (SWC) and
low-end lipid normalized upper trophic level fish BAF value to Yes
estimate fish tissue concentration

Scenario specific modeled mean 21-day average dissolved surface
water concentrations (SWC) and lipid normalized upper trophic Yes
level fish BAF value
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Equations used to estimate exposure due to dietary exposures are presented below.

For fish ingestion, when monitored or modeled surface water concentrations are available:

SWCXBAFXIRXCF1XCF2XED
ADD = Equation 2-5
BW xXAT

Where
ADD = Average daily dose due to fish ingestion (mg/kg-day)
SWC = Surface water (dissolved) concentration (pg/L)
BAF = Bioaccumulation factor (L/kg)
IR = Fish ingestion rate (g/day)
CF; = Conversion factor for mg/ug
CF> = Conversion factor for kg/g
ED = Exposure duration (year)
BW = Body weight (kg)
AT = Averaging time (year)

For all food groups, when food concentrations from monitoring data are available:

FCXIRXCF1xCF2XED
ADD = Equation 2-6
BW X AT

Where

ADD = Average daily dose due to fish ingestion (mg/kg-day)
FC = Food concentration (ng/kg)
IR = Food ingestion rate (g/day)
CF; = Conversion factor for mg/ug
CF>; = Conversion factor for kg/g
ED = Exposure duration (year)
BW = Body weight (kg)
AT = Averaging time (year)

Meat, Dairy, Vegetables, Fruit, Grains, and Seafood

EPA used market basket monitoring studies to identify concentrations of HBCD present in different
food groups. Note, that seafood used in this context is different from wild-fish caught in a river. Also
note, that breast milk ingestion is another exposure pathway specific to infants. Both fish ingestion and
breast milk ingestion are discussed later in this section.

Market-basket monitoring studies typically collect many samples and may pool similar types of foods
together for chemical or statistical analysis. The levels of HBCD present in these food groups are
typically lower than levels detected in wild animals and in plants. As described in section 2.4.2.1, EPA
selected central tendency and high-end monitoring values, rounded to one significant figure after review
and integration of all dietary monitoring data that passed data evaluation. Central tendency values were
derived by taking the median of all extracted central tendency values. High-end values were derived by
taking the 90th percentile of all extracted data, excluding zero values. These food concentrations are
similar to previous estimates based on a study by Barghi et al. (Barghi et al., 2016).
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The following data was used in EPA’s assessment of dietary exposure for the general population.

Table 2-76. Dietary Ingestion Rates

Parameter Central Tendency | High-End
Fruits, Vegetables, and Grains Concentration (mg/g wet weight) 1.0E-7 7.2E-7
Ingestion Rate of Fruits, Vegetables, and Grains® (g/’kg day)
Infants (< 1 year) 20.5 54.6
Young Toddlers (1 - < 2 years) 22.9 53
Toddlers (2 - < 3 years) 20.1 46.2
Small Children (3 - < 6 years) 17.1 40.2
Children (6 - < 11 years) 11.6 28.6
Teenagers (11 - < 16 years) 6.7 17.2
Adults (16 - <70 years) 5.9 15
Meat, Dairy, Fat - mg/g wet weight 1.3E-7 1.0E-6
Ingestion Rate of Meat, Dairy, Fat” (g/kg day)
Infants (< 1 year) 16.1 73.1
Young Toddlers (1 - <2 years) 52.9 110.1
Toddlers (2 - < 3 years) 40.4 88.3
Small Children (3 - < 6 years) 26.6 60.1
Children (6 - < 11 years) 16.8 38.5
Teenagers (11 - < 16 years) 9 23.1
Adults (16 - <70 years) 5 13.8
Fish/Shellfish (from store-not wild) - mg/g wet weight 2.6E-7 2.1E-6
Ingestion Rate of Fish/Shellfish® (g/kg day)
Young Toddlers (1 - <2 years) 0.052 0.41
Toddlers (2 - < 3 years) 0.043 0.34
Small Children (3 - < 6 years) 0.037 0.31
Children (6 - < 11 years) 0.034 0.24
Teenagers (11 - < 16 years) 0.019 0.14
Adults (16 - < 70 years) 0.063 0.27

2 (U.S. EPA, 2011b)
b (U.S. EPA, 2014b)
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Table 2-77 presents the values that were used in the equations to estimate exposure from fish ingestion.

Table 2-77. Summary of Values for Estimating HBCD Fish Ingestion Dose

Fish Concentra.tlon (mg/kg) wet Reference
weight
Range (median) of All Values from Monitoring Data 2.5E-8 to 1.0E+1 (1.1E-3) See(U.S. EPA, 2019d)
. .S. , )
Range (Ifledlan) of Central Tendency Values from 2.0E-6 to 3.2E+0 (1.6E-3) See (U.S. EPA, 20194,
Monitoring Data
PSC with lipid
Range (median) of Modeled Fish Tissue Concentration 5.4E-2 to 1.6E+3 (2.6E+0) normalized upper
trophic level fish BAF
. . . . PSC with lipid
?él:ngti ;;;wdlan) of Modeled Fish Tissue Concentration S4E-2 to 7.1E+1 (5.6E-1) normalized upper
trophic level fish BAF

EPA assumed that children in the highly exposed group live near a facility with elevated concentrations
of HBCD for the entire duration of that life stage. EPA assumed that adults in the highly exposed group
live near a facility for a portion of their adult life, depending on whether it was high-end or a central
tendency estimate. The upper-end estimate for residential mobility is 33 years and was selected for a
high-end exposure duration (U.S. EPA. 2011b). For a central tendency estimate for residential mobility,
a value of 13 years was selected (U.S. EPA, 2011b). For the other portion of their adult life, it was
assumed that they were exposed to central tendency fish-tissue concentration values based on
monitoring data.

Fish concentrations were reported in the literature on a lipid weight and wet weight basis. Species-
specific lipid content as reported by the individual studies, was not collected. Lipid content in fish
ranges from <1% to 15% (U.S. EPA, 2011b). To convert from lipid concentration to wet weight
concentration, the following equation is used.

% lipid

Conc,ww = Conc,lw X
100%

Equation 2-7
Where
Conc, ww = Concentration on a wet weight basis, pg/kg ww
Conc, Iw = Concentration on a lipid weight basis, pg/kg lw
% lipid = Percentage of fish that is comprised of lipids

EPA used reported lipid weight values in deriving a BAF number. EPA used a generic default of 5%
lipid content for any monitoring study that only reported fish-tissue data in wet weight and did not
provide enough detail on lipid-weight to estimate a lipid weight concentration.

Fish-tissue concentrations can be derived by multiplying dissolved surface water concentration values

BCF or BAF values. A wide range of BCF and BAF values are available in the literature. EPA chose a
BAF value at the low-end of the reported range. This was done because the modeled dissolved surface
water estimates are generally larger than values reported in the literature. Pairing a higher lipid
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normalized upper trophic level fish BAF value with higher surface water values could result in
unreasonably high estimated fish-tissue concentrations. EPA compared the range of reported fish-tissue
concentrations from monitoring data and found the modeled fish tissue concentrations (range of
modeled dissolved surface water and low-end lipid normalized upper trophic level fish BAF) to be of a
similar order of magnitude. Note, for human exposure estimation estimates of wet-weight fish tissue
concentration need to be matched with exposure factors (intake rates) that are also in wet weight. Use of
lipid weight or lipid normalized concentrations is considered in the ecological exposure and risk
assessment sections. See Section 2.4.4 regarding a qualitative sensitivity analysis for BCF and BAF
values.

In addition to reviewing the studies, the following key studies provide additional information on HBCD
levels in fish. (Chen et al., 2011) noted temporal and spatial trends for HBCD concentrations in fish. In
Hyco River samples collected in Virginia, the authors note an increase in HBCD concentrations in carp,
catfish, redhorse sucker, gizzard shad, and flathead catfish. Across all samples, mean HBCD
concentrations ranged from ND to 22 pg/kg lw in 1999-2002 samples and increased to 13 to 4,640 pg/kg
lw. Assuming 10% lipid, this converts to 1.3e-6 ng/mg ww to 4.64e-4 pg/mg ww.

In addition, (Chen et al., 2011) conducted a meta-analysis of their present study and seventeen other
studies to see if near-facility concentrations in fish differed from fish samples collected further away
from facilities. The authors report that concentrations in fish sampled near point sources were generally
1 to 2 orders of magnitude higher than fish located further away from sources. (Chen et al., 2011)
reported fish concentrations near point sources ranging from 38 to 6,660 pg/kg lw (3.8E-6 to 6.6E-4
ng/mg ww) and concentrations in fish from more remote areas ranging from 0.1 to 51.5 pg/kg Iw (1.0E-
8 to 5.2E-6 pg/mg lw).

(Allchin and Morris, 2003) reported HBCD concentrations in eel and trout from eight sampling
locations along industrialized rivers in the UK. HBCD concentrations in eel ranged from 3.9¢-5 to 1.0e-
2 ug/mg ww, with average values ranging from 3.4E-4 to 4.7E-4 pg/mg ww. HBCD concentrations in
trout ranged from <1.2E-6 pg/mg ww to 6.8E-3 ug/mg ww, with average values ranging from 2.0E-5 to
2.3E-3 pg/mg ww.

Dietary Exposure from HBCD Emitted from Point Sources

Scenario
from Source Pathway Receptor Approach
Table 2-70
HBCD emitted from any Lo Children, adults Quagtl‘Fatlve, PSC
. L Emission into water | . . . and lipid normalized
point source during its . (including highly .
Al . . and uptake into fish ; upper trophic level
lifecycle from Scenarios . exposed subsistence
. . . tissue ! fish BAF,

described in Section 2.2 fishers and tribes) .

Monitoring

EPA estimated wet weight fish tissue concentrations using 21-day average mean flow modeled
dissolved water concentrations from PSC modeling and a low-end lipid normalized upper trophic level
fish BAF value. All scenarios from Section 2.2 were modeled. Description of sub-scenarios are provided
in Section 2.3.1.
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Table 2-78. Estimated HBCD Dissolved Water Concentrations and Fish Tissue Concentrations

Fish Ti Fish Ti
scnsro | 5 awvmernne | T g )| Comcnraton | Concentration
Label l\t{ean FlOVY Mean Flow: Mealgl F%ow Mealgl F%ow

(50™ percentile) (10th percentile) (50% percentile) (10% percentile)
1.1 1.1E-02 2.5E-01 5.2E-01 1.2E+01
1.2 9.2E-03 2.1E-01 4.3E-01 9.5E+00
1.3 5.6E-02 1.2E+00 2.6E+00 5.8E+01
1.4 4.6E-02 1.0E+00 2.2E+00 4.6E+01
1.5 5.2E-02 2.8E-01 2.4E+00 1.3E+01
1.6 4.2E-02 2.3E-01 2.0E+00 1.1E+01
1.7 2.6E-01 1.4E+00 1.2E+01 6.5E+01
1.8 2.1E-01 1.2E+00 9.9E+00 5.4E+01
2.1 5.4E-03 1.2E-01 2.5E-01 5.5E+00
2.2 3.5E-03 7.8E-02 1.6E-01 3.6E+00
2.3 1.2E-02 2.7E-01 5.6E-01 1.2E+01
2.4 8.1E-03 1.8E-01 3.8E-01 8.3E+00
2.7 1.2E-03 2.7E-02 5.6E-02 1.2E+00
2.11 5.6E-03 3.0E-02 2.6E-01 1.4E+00
3.1 1.8E-02 3.8E-01 8.1E-01 1.8E+01
3.2 1.2E-03 2.6E-02 5.4E-02 1.2E+00
33 4.3E-02 9.2E-01 2.0E+00 4.3E+01
34 2.9E-03 6.4E-02 1.3E-01 3.0E+00
3.5 1.8E-03 3.8E-02 8.1E-02 1.8E+00
3.7 4.3E-03 9.2E-02 2.0E-01 4.3E+00
3.9 8.0E-03 4.2E-02 3.7E-01 2.0E+00
3.11 2.0E-02 1.0E-01 9.1E-01 4.8E+00
4.1 1.7E-02 3.6E-01 7.8E-01 1.7E+01
4.2 1.4E-03 3.1E-02 6.5E-02 1.4E+00
43 1.7E-03 3.6E-02 7.8E-02 1.7E+00
4.5 7.6E-03 4.0E-02 3.5E-01 1.9E+00
5.1 1.1E+00 2.5E+01 5.2E+01 1.2E+03
5.2 1.1E-01 2.5E+00 5.2E+00 1.2E+02
5.3 5.1E-01 2.8E+00 2.4E+01 1.3E+02
5.4 9.0E-01 2.0E+01 4.2E+01 9.3E+02
5.5 9.0E-02 2.0E+00 4.2E+00 9.3E+01
5.6 4.1E-01 2.2E+00 1.9E+01 1.0E+02
5.7 1.5E+00 3.4E+01 7.1E+01 1.6E+03
5.8 1.5E-01 3.4E+00 7.1E+00 1.6E+02
59 7.0E-01 3.8E+00 3.3E+01 1.8E+02
5.1 1.2E+00 2.7E+01 5.7E+01 1.3E+03
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Fish Ti Fish Ti
scnsro | 5 amvmernne | T g | Comcnraton | concentraton
Label l\f,ea“ FlOVY Mean Flo“t Mealgl F%ow Mealgl F%ow

(50™ percentile) (10th percentile) (50% percentile) (10% percentile)
5.11 1.2E-01 2.7E+00 5.7E+00 1.3E+02
5.12 5.6E-01 3.1E+00 2.6E+01 1.4E+02
6.1 5.2E-03 1.1E-01 2.4E-01 5.3E+00
6.4 5.0E-03 1.1E-01 2.3E-01 5.1E+00
6.7 2.3E-02 5.1E-01 1.1E+00 2.4E+01
6.8 2.3E-03 5.1E-02 1.1E-01 2.4E+00
6.9 1.1E-02 5.7E-02 4.9E-01 2.7E+00
6.1 2.2E-02 4.9E-01 1.0E+00 2.3E+01
6.11 2.2E-03 4.9E-02 1.0E-01 2.3E+00
6.12 1.0E-02 5.5E-02 4.7E-01 2.6E+00
8.3 3.7E-03 2.8E-02 1.7E-01 1.3E+00
10.1 2.4E-02 5.2E-01 1.1E+00 2.4E+01
10.2 2.4E-03 5.2E-02 1.1E-01 2.4E+00
10.3 1.1E-02 5.8E-02 5.1E-01 2.7E+00
10.4 1.2E-03 2.7E-02 5.6E-02 1.3E+00
10.7 2.9E-02 6.2E-01 1.3E+00 2.9E+01
10.8 2.9E-03 6.2E-02 1.3E-01 2.9E+00
10.9 1.3E-02 6.9E-02 6.0E-01 3.2E+00
10.10 1.4E-03 3.2E-02 6.7E-02 1.5E+00

The following three figures show the range of potential fish ingestion doses using three approaches.
EPA used modeled surface water estimates plus lipid normalized upper trophic level fish BAF as
described above. EPA also used all available fish-tissue monitoring data to estimate possible dose
ranges. EPA also used all reported surface water monitoring data plus lipid normalized upper trophic
level fish BAF to estimate possible dose range. While the modeled estimates apply to a smaller
population who live near a facility and may ingest fish caught within proximity to the river, the fish
ingestion estimates based on monitoring data apply to whatever conditions were present when those

samples were taken.
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Range of Potential Fish Ingestion Dose (mg/kg/day)
based on Surface Water Monitoring and BAF

1.0E-01
1.0e-02
1.0E-03
1.0E-04
1.0E-05
1.0E-06
1.0e-07

(052 [OW  =——g==d0se high

Figure 2-3. Range of Potential HBCD Fish Ingestion Dose based on Surface Water Monitoring
and Lipid Normalized Upper Trophic Level Fish BAF (mg/kg/day)

Range of Potential Fish Ingestion Dose (mg/kg/day) based on
Modeled Surface Water Concentration and BAF

1.0E+01

1.0E+00
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Figure 2-4. Range of Potential HBCD Fish Ingestion Dose based on Modeled Surface Water
Concentrations and Lipid Normalized Upper Trophic Level Fish BAF (mg/kg/day)
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Range of Potential Fish Ingestion Dose (mg/fkg/day)
based on Fish Tissue Monitoring Data
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Figure 2-5. Range of Potential HBCD Fish Ingestion Dose based on Fish Tissue Monitoring Data
EPA selected high-end fish ingestion rates for calculation of ADR values in order to represent acute
exposures. ADD values representing chronic exposure utilized central-tendency fish ingestion rates,

which are expected to be more representative of the most populations over a sustained period. Estimated
fish ingestion doses for all lifestages are presented in Table 2-79.
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Table 2-79. HBCD: Acute Dose Rate and Average Daily Doses (mg/kg/day) for Fish Ingestion for All Lifestages

. Young Toddler Toddler Small Child Child Teen Adult
S;f:l?:lm (1-<2years) (2 - <3 years) (3 - <6 years) (6 - <11 years) (11 - <16 years) (16 - <70 years)
ADR ADD ADR ADD ADR ADD ADR ADD ADR ADD ADR |ADD (HE) | ADD (CT)
1.1 4.8E-03 | 2.7E-05 | 3.9E-03 | 2.3E-05 | 3.6E-03 | 2.0E-05 | 2.8E-03 | 1.8E-05 | 1.7E-03 | 1.0E-05 | 3.2E-03 | 1.4E-05 5.5E-06
1.2 3.9E-03 | 2.3E-05 | 3.3E-03 | 1.9E-05 | 3.0E-03 | 1.6E-05 | 2.3E-03 | 1.5E-05 | 1.4E-03 | 8.3E-06 | 2.7E-03 | 1.1E-05 4.5E-06
1.3 2.4E-02 | 1.4E-04 | 2.0E-02 | 1.1E-04 | 1.8E-02 | 9.9E-05 | 1.4E-02 | 9.1E-05 | 8.5E-03 | 5.1E-05 | 1.6E-02 | 7.0E-05 2.8E-05
1.4 1.9E-02 | 1.1E-04 | 1.6E-02 | 9.4E-05 | 1.5E-02 | 8.1E-05 | 1.1E-02 | 7.5E-05 | 6.8E-03 | 4.2E-05 | 1.3E-02 | 5.8E-05 2.3E-05
1.5 5.4E-03 | 1.3E-04 | 4.4E-03 | 1.0E-04 | 4.1E-03 | 9.0E-05 | 3.1E-03 | 8.3E-05 | 1.9E-03 | 4.6E-05 | 3.6E-03 | 6.4E-05 2.5E-05
1.6 4.4E-03 | 1.0E-04 | 3.6E-03 | 8.5E-05 | 3.3E-03 | 7.4E-05 | 2.6E-03 | 6.8E-05 | 1.6E-03 | 3.8E-05 | 3.0E-03 | 5.2E-05 2.1E-05
1.7 2.7E-02 | 6.3E-04 | 2.2E-02 | 5.2E-04 | 2.0E-02 | 4.5E-04 | 1.6E-02 | 4.2E-04 | 9.5E-03 | 2.3E-04 | 1.8E-02 | 3.2E-04 1.3E-04
1.8 2.2E-02 | 5.2E-04 | 1.8E-02 | 4.3E-04 | 1.7E-02 | 3.7E-04 | 1.3E-02 | 3.4E-04 | 7.9E-03 | 1.9E-04 | 1.5E-02 | 2.6E-04 1.0E-04
2.1 2.3E-03 | 1.3E-05 | 1.9E-03 | 1.1E-05 | 1.7E-03 | 9.5E-06 | 1.3E-03 | 8.7E-06 | 8.0E-04 | 4.9E-06 | 1.5E-03 | 6.7E-06 2.6E-06
2.2 1.5E-03 | 8.6E-06 | 1.2E-03 | 7.1E-06 | 1.1E-03 | 6.1E-06 | 8.8E-04 | 5.6E-06 | 5.3E-04 | 3.2E-06 | 1.0E-03 | 4.4E-06 1.7E-06
2.3 5.1E-03 | 3.0E-05 | 4.2E-03 | 2.5E-05 | 3.9E-03 | 2.1E-05 | 3.0E-03 | 2.0E-05 | 1.8E-03 | 1.1E-05 | 3.4E-03 | 1.5E-05 5.9E-06
2.4 3.4E-03 | 2.0E-05 | 2.8E-03 | 1.6E-05 | 2.6E-03 | 1.4E-05 | 2.0E-03 | 1.3E-05 | 1.2E-03 | 7.3E-06 | 2.3E-03 | 1.0E-05 4.0E-06
2.7 5.1E-04 | 3.0E-06 | 4.2E-04 | 2.5E-06 | 3.9E-04 | 2.1E-06 | 3.0E-04 | 2.0E-06 | 1.8E-04 | 1.1E-06 | 3.4E-04 | 1.5E-06 5.9E-07
2.11 5.7E-04 | 1.4E-05 | 4.7E-04 | 1.1E-05 | 4.3E-04 | 9.7E-06 | 3.4E-04 | 8.9E-06 | 2.0E-04 | 5.0E-06 | 3.9E-04 | 6.9E-06 2.7E-06
3.1 7.2E-03 | 4.3E-05 | 6.0E-03 | 3.5E-05 | 5.5E-03 | 3.1E-05 | 4.2E-03 | 2.8E-05 | 2.6E-03 | 1.6E-05 | 4.9E-03 | 2.2E-05 8.6E-06
3.2 5.0E-04 | 2.9E-06 | 4.1E-04 | 2.4E-06 | 3.8E-04 | 2.1E-06 | 2.9E-04 | 1.9E-06 | 1.8E-04 | 1.1E-06 | 3.4E-04 | 1.5E-06 5.7E-07
3.3 1.8E-02 | 1.1E-04 | 1.5E-02 | 8.7E-05 | 1.3E-02 | 7.5E-05 | 1.0E-02 | 6.9E-05 | 6.3E-03 | 3.9E-05 | 1.2E-02 | 5.3E-05 2.1E-05
34 1.2E-03 | 7.1E-06 | 1.0E-03 | 5.8E-06 | 9.3E-04 | 5.0E-06 | 7.2E-04 | 4.6E-06 | 4.4E-04 | 2.6E-06 | 8.3E-04 | 3.6E-06 1.4E-06
3.5 7.2E-04 | 4.3E-06 | 6.0E-04 | 3.5E-06 | 5.5E-04 | 3.1E-06 | 4.2E-04 | 2.8E-06 | 2.6E-04 | 1.6E-06 | 4.9E-04 | 2.2E-06 8.6E-07
3.7 1.8E-03 | 1.1E-05 | 1.5E-03 | 8.7E-06 | 1.3E-03 | 7.5E-06 | 1.0E-03 | 6.9E-06 | 6.3E-04 | 3.9E-06 | 1.2E-03 | 5.3E-06 2.1E-06
3.9 8.1E-04 | 2.0E-05 | 6.7E-04 | 1.6E-05 | 6.1E-04 | 1.4E-05 | 4.7E-04 | 1.3E-05 | 2.9E-04 | 7.2E-06 | 5.4E-04 | 9.9E-06 3.9E-06
3.11 2.0E-03 | 4.8E-05 | 1.6E-03 | 3.9E-05 | 1.5E-03 | 3.4E-05 | 1.2E-03 | 3.1E-05 | 7.0E-04 | 1.8E-05 | 1.3E-03 | 2.4E-05 9.6E-06
4.1 6.9E-03 | 4.1E-05 | 5.7E-03 | 3.4E-05 | 5.2E-03 | 2.9E-05 | 4.0E-03 | 2.7E-05 | 2.4E-03 | 1.5E-05 | 4.6E-03 | 2.1E-05 8.2E-06
4.2 5.9E-04 | 3.4E-06 | 4.9E-04 | 2.8E-06 | 4.5E-04 | 2.5E-06 | 3.5E-04 | 2.3E-06 | 2.1E-04 | 1.3E-06 | 4.0E-04 | 1.7E-06 6.9E-07
43 6.9E-04 | 4.1E-06 | 5.7E-04 | 3.4E-06 | 5.2E-04 | 2.9E-06 | 4.0E-04 | 2.7E-06 | 2.4E-04 | 1.5E-06 | 4.6E-04 | 2.1E-06 8.2E-07
4.5 7.7E-04 | 1.9E-05 | 6.4E-04 | 1.5E-05 | 5.8E-04 | 1.3E-05 | 4.5E-04 | 1.2E-05 | 2.7E-04 | 6.8E-06 | 5.2E-04 | 9.5E-06 3.7E-06
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. Young Toddler Toddler Small Child Child Teen Adult
Sﬁ:l?erlm (1 -<2years) (2 - <3 years) (3 - <6 years) (6 - <11 years) (11 - <16 years) (16 - <70 years)
ADR ADD ADR ADD ADR ADD ADR ADD ADR ADD ADR |ADD (HE) | ADD (CT)
5.1 4.8E-01 | 2.7E-03 | 3.9E-01 | 2.3E-03 | 3.6E-01 | 2.0E-03 | 2.8E-01 | 1.8E-03 | 1.7E-01 | 1.0E-03 | 3.2E-01 1.4E-03 5.5E-04
5.2 4.8E-02 | 2.7E-04 | 3.9E-02 | 2.3E-04 | 3.6E-02 | 2.0E-04 |2.79E-02 | 1.80E-04 | 1.69E-02 | 1.01E-04 | 3.21E-02 | 1.39E-04 | 5.49E-05
5.3 5.3E-02 | 1.3E-03 | 4.4E-02 | 1.0E-03 | 4.0E-02 | 9.0E-04 | 3.14E-02 | 8.25E-04 | 1.89E-02 | 4.62E-04 | 3.60E-02 | 6.38E-04 | 2.51E-04
5.4 3.8E-01 | 2.2E-03 | 3.2E-01 | 1.8E-03 | 2.9E-01 | 1.6E-03 | 2.25E-01 | 1.44E-03 | 1.36E-01 | 8.08E-04 | 2.58E-01 | 1.12E-03 | 4.39E-04
5.5 3.8E-02 | 2.2E-04 | 3.2E-02 | 1.8E-04 | 2.9E-02 | 1.6E-04 | 2.25E-02 | 1.44E-04 | 1.36E-02 | 8.08E-05 | 2.58E-02 | 1.12E-04 | 4.39E-05
5.6 4.3E-02 | 1.0E-03 | 3.6E-02 | 8.3E-04 | 3.3E-02 | 7.2E-04 | 2.52E-02 | 6.61E-04 | 1.52E-02 | 3.70E-04 | 2.90E-02 | 5.11E-04 | 2.01E-04
5.7 6.5E-01 | 3.7E-03 | 5.4E-01 | 3.1E-03 | 4.9E-01 | 2.7E-03 | 3.82E-01 | 2.46E-03 | 2.30E-01 | 1.38E-03 | 4.38E-01 | 1.90E-03 | 7.49E-04
5.8 6.5E-02 | 3.7E-04 | 5.4E-02 | 3.1E-04 | 4.9E-02 | 2.7E-04 | 3.82E-02 | 2.46E-04 | 2.30E-02 | 1.38E-04 | 4.38E-02 | 1.90E-04 | 7.49E-05
5.9 7.3E-02 | 1.7E-03 | 6.0E-02 | 1.4E-03 | 5.5E-02 | 1.2E-03 | 4.29E-02 | 1.13E-03 | 2.59E-02 | 6.31E-04 | 4.92E-02 | 8.72E-04 | 3.43E-04
5.10 5.2E-01 | 3.0E-03 | 4.3E-01 | 2.5E-03 | 4.0E-01 | 2.2E-03 | 3.07E-01 | 1.98E-03 | 1.85E-01 | 1.11E-03 | 3.52E-01 | 1.53E-03 | 6.02E-04
5.11 5.2E-02 | 3.0E-04 | 4.3E-02 | 2.5E-04 | 4.0E-02 | 2.2E-04 |3.07E-02 | 1.98E-04 | 1.85E-02 | 1.11E-04 | 3.52E-02 | 1.53E-04 | 6.02E-05
5.12 5.9E-02 | 1.4E-03 | 4.9E-02 | 1.1E-03 | 4.4E-02 | 9.8E-04 | 3.45E-02 | 9.04E-04 | 2.08E-02 | 5.06E-04 | 3.96E-02 | 6.99E-04 | 2.75E-04
6.1 2.2E-03 | 1.3E-05 | 1.8E-03 | 1.0E-05 | 1.7E-03 | 9.0E-06 | 1.29E-03 | 8.28E-06 | 7.76E-04 | 4.64E-06 | 1.48E-03 | 6.40E-06 | 2.52E-06
6.4 2.1E-03 | 1.2E-05 | 1.7E-03 | 1.0E-05 | 1.6E-03 | 8.7E-06 | 1.24E-03 | 7.96E-06 | 7.46E-04 | 4.46E-06 | 1.42E-03 | 6.15E-06 | 2.42E-06
6.7 9.8E-03 | 5.6E-05 | 8.1E-03 | 4.7E-05 | 7.4E-03 | 4.0E-05 | 5.73E-03 | 3.70E-05 | 3.46E-03 | 2.07E-05 | 6.58E-03 | 2.86E-05 | 1.13E-05
6.8 9.8E-04 | 5.6E-06 | 8.1E-04 | 4.7E-06 | 7.4E-04 | 4.0E-06 | 5.73E-04 | 3.70E-06 | 3.46E-04 | 2.07E-06 | 6.58E-04 | 2.86E-06 | 1.13E-06
6.9 1.1E-03 | 2.6E-05 | 9.1E-04 | 2.1E-05 | 8.3E-04 | 1.8E-05 | 6.44E-04 | 1.69E-05 | 3.89E-04 | 9.45E-06 | 7.39E-04 | 1.31E-05 | 5.14E-06
6.10 9.4E-03 | 5.4E-05 | 7.8E-03 | 4.5E-05 | 7.1E-03 | 3.9E-05 | 5.51E-03 | 3.54E-05 | 3.33E-03 | 1.98E-05 | 6.33E-03 | 2.74E-05 | 1.08E-05
6.11 9.4E-04 | 5.4E-06 | 7.8E-04 | 4.5E-06 | 7.1E-04 | 3.9E-06 | 5.51E-04 | 3.54E-06 | 3.33E-04 | 1.98E-06 | 6.33E-04 | 2.74E-06 | 1.08E-06
6.12 1.1E-03 | 2.5E-05 | 8.7E-04 | 2.0E-05 | 8.0E-04 | 1.8E-05 | 6.19E-04 | 1.62E-05 | 3.74E-04 | 9.09E-06 | 7.11E-04 | 1.26E-05 | 4.95E-06
8.3 5.3E-04 | 9.2E-06 | 4.4E-04 | 7.6E-06 | 4.0E-04 | 6.5E-06 | 3.13E-04 | 6.01E-06 | 1.89E-04 | 3.37E-06 | 3.59E-04 | 4.65E-06 | 1.83E-06
10.1 9.9E-03 | 5.9E-05 | 8.2E-03 | 4.9E-05 | 7.5E-03 | 4.2E-05 | 5.82E-03 | 3.86E-05 | 3.51E-03 | 2.16E-05 | 6.68E-03 | 2.98E-05 | 1.18E-05
10.2 9.9E-04 | 5.9E-06 | 8.2E-04 | 4.9E-06 | 7.5E-04 | 4.2E-06 | 5.82E-04 | 3.86E-06 | 3.51E-04 | 2.16E-06 | 6.68E-04 | 2.98E-06 | 1.18E-06
10.3 1.1E-03 | 2.7E-05 | 9.2E-04 | 2.2E-05 | 8.4E-04 | 1.9E-05 | 6.51E-04 | 1.75E-05 | 3.93E-04 | 9.81E-06 | 7.47E-04 | 1.36E-05 | 5.34E-06
10.4 5.1E-04 | 2.9E-06 | 4.2E-04 | 2.4E-06 | 3.9E-04 | 2.1E-06 |3.02E-04 | 1.93E-06 | 1.82E-04 | 1.08E-06 | 3.46E-04 | 1.49E-06 | 5.88E-07
10.7 1.2E-02 | 7.0E-05 | 9.7E-03 | 5.8E-05 | 8.9E-03 | 5.0E-05 | 6.93E-03 | 4.60E-05 | 4.18E-03 | 2.57E-05 | 7.95E-03 | 3.56E-05 | 1.40E-05
10.8 1.2E-03 | 7.0E-06 | 9.7E-04 | 5.8E-06 | 8.9E-04 | 5.0E-06 | 6.93E-04 | 4.60E-06 | 4.18E-04 | 2.57E-06 | 7.95E-04 | 3.56E-06 | 1.40E-06

Page 240 of 570




PEER REVIEW DRAFT, DO NOT CITE OR QUOTE

. Young Toddler Toddler Small Child Child Teen Adult
Sf:;go (1 - <2 years) (2 - <3 years) (3 - <6 years) (6 - < 11 years) (11 - < 16 years) (16 - < 70 years)
ADR ADD ADR ADD ADR ADD ADR ADD ADR ADD ADR |ADD (HE) |ADD (CT)
10.9 1.3E-03 | 3.2E-05 | 1.1E-03 | 2.6E-05 | 1.0E-03 | 2.3E-05 | 7.74E-04 | 2.09E-05 | 4.67E-04 | 1.17E-05 | 8.89E-04 | 1.62E-05 | 6.37E-06
10.10 6.1E-04 | 3.5E-06 | 5.0E-04 | 2.9E-06 | 4.6E-04 | 2.5E-06 | 3.58E-04 | 2.30E-06 | 2.16E-04 | 1.29E-06 | 4.11E-04 | 1.78E-06 | 7.00E-07

Notes: ADR = acute dose rate; ADD = average daily dose; HE = high end residency, CT = central tendency residency
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Table 2-80. Summary of HBCD Fish Concentration Data for Estimating Fish Ingestion Dose

Fish Tissue Concentration Reference Sy§temat1c
Review Score
ND -30317 . .
Range of Fish Concentrations Away from (ng/g lipid) (Koppgn etal. 201.0 ); Medium,;
. (Allchin and Morris .
Point Sources ND - 10275 Medium
. 2003)
(ng/g wet weight)
(Meng et al., 2012);
1.57E-2 — 3216 (Allchin and Morris High;
Range of Central Tendency Values of Fish (ng/g lipid) 2003); Medium;
Concentrations Away from Point Sources 0.24 — 6846 (Sudaryanto et al., Medium;
(ng/g wet weight) 2007); Medium
(K&ppen et al., 2010)
Range of Fish Concentrations Near Point 10-13 . .
Sources (ng/g lipid weight) (Chokwe etal.. 2015) High
Range of Central Tendency Values of Fish 89.5-554.4 o .
Concentrations Near Point Sources (ng/g wet weight) (Eliarrat et al.. 2004) Medium
Range of Modeled Fish Tissue 54— 1.6E6 PSC W “1:1 lipid
Concentrations (ng/g wet weight) normaizec upper
trophic level fish BAF
Breast Milk Exposure

There are approximately 30 studies reporting HBCD concentrations in breast milk. Within those studies
there is a wide range of concentrations, although there is general concordance across studies at central
tendency. There were three key studies that provide a reasonable cross-section of available data sources.

The highest concentrations were observed by Eljarrat et al. (2009b), in which HBCD was measured in
milk samples collected from women in Spain, ranging from ND to 188 ng/kg lw, with an average of 47
ug/kg lw and a median of 27 pg/kg Iw. Another study by Eggesbo et al. (2011), collected milk samples
from 193 mothers as part of the Norwegian Human Milk Study. HBCD levels in breast milk ranged
from 0.1 to 31 pg/kg lw, with an average of 1.1 pg/kg Iw. In the United States, Carignan et al. (2012a)
measured HBCD in the breast milk of 43 mothers. HBCD was detected in all samples with
concentrations ranging from 0.36 to 8.1 pg/kg lw, with a geometric mean of 1.02 pg/kg Iw.
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Table 2-81. Summary of HBCD Breast Milk Concentration Data for Estimating Breast Milk
Ingestion Dose

Breast Milk Concentration Systematic
Reference .
(ng/g) Review Score

Range of All Values from Monitoring ND - 188 (Eljarrat et al., 2009) High
Range of Central Tendency Values 2 5E-2- 47 (Devanathan et al., 2012); Medium;
from Monitoring Data ’ (Eljarrat et al., 2009a) Medium
Range of Breast Milk Concentrations 0.1-31(1.1,0.54) (Eggesbg et al., 2011) Medium
from Key Studies (Central Tendency 0.36 - 8.1 (1.02) (Carignan et al., 2012b) High
Values

) ND - 188 (47, 27) (Eljarrat et al., 2009a) High

The equation used to estimate exposure from ingestion of breastmilk is below.

BMC xBMR
ADD = =/ 2222 Equation 2-8
BW

Where
ADD = Average daily dose due to ingestion of breastmilk (mg/kg-day)
BMC = Chemical concentration in breastmilk lipids (mg/g)

BMR = Breastmilk lipid ingestion rate (g/day)
BW = Body weight (kg)

Parameters and data sources used as inputs into this equation are provided in Table 2-82. Additional
detail is provided in Draft Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental
Information on General Population, Environmental, and Consumer Exposure Assessment (U.S. EPA

2019d).

Table 2-82. Concentrations Used to Estimate HBCD Breast Milk Ingestion

Parameter Central Tendency High-End
Breast Milk Concentration pg/g (ng/kg) lipid 1.0E-03 (1) 5.0E-02 (50)
Ingestion Rate of Breast Milk Lipid (mg/L) 26 41.5

EPA considered ingestion of drinking water but did not quantify those concentrations in this risk
evaluation. The concentration of HBCD in surface water is generally low and monitored levels of
HBCD in drinking water are unavailable. Other assessments have included drinking water as a pathway
and noted that expected exposures are quite low. The following exposure pathways are possible:
1. Ingestion of finished water at the tap, expected HBCD levels are low
2. Ingestion of surface water, including suspended sediment, during recreation in lakes and rivers.
HBCD levels are likely slightly more elevated than drinking water but intake rates and frequency
of exposure are lower.
A qualitative discussion of this is included in Section 2.4.2.7.
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24.24 Dust and Soil Ingestion

The exposure dose associated with incidentally ingested dust and soil is generally derived by
multiplying the chemical concentration in dust or soil by the empirically derived ingestion rate of dust or
soil and dividing by body weight (U.S. EPA, 1992). The ingestion rate can be derived through tracer
methods which measure tracer chemicals present both in soil and dust and in the urine and feces of
humans and through biokinetic methods that use biomonitoring data and physiologically based
pharmacokinetic (PBPK) models to back-calculate ingestion rates. An activity-pattern based method
models hand-to-mouth and object-to-mouth contact to derive transfer rates of soil and dust to the mouth
to estimate ingestion rate (Moya and Phillips, 2014). Estimated ingestion rates based on the activity-
pattern method are informed by empirically and estimated variables (Ozkaynak et al., 2011) including:

¢ Hand and object to mouth frequency indoors and outdoors
Dust loading
Object: floor dust loading ratio
Soil skin adherence rate
Skin/soil surface contact rate
Maximum dermal loading of soil loading on hands
Surface to hand dust transfer efficiency
Hand to mouth and object to mouth transfer efficiency
Area of object mouthed and fraction of hand mouthed/event
e Bath and hand wash removal efficiency and frequency

Chemical concentrations in dust or soil are required for the tracer and biokinetic methods. Loadings of a
chemical in dust or soil are required for the activity-pattern method. The chemical concentration in dust
or soil is defined as the mass of chemical present per mass of dust or soil. The chemical loading in dust
is defined as the mass of chemical per surface area.

These terms are all related, but often only one of the three is reported in monitoring studies. If the
surface area units are the same for loadings, the chemical dust loading divided by the total dust loading
is equal to the chemical concentration. However, dust loadings of overall dustiness can also vary
substantially by building or within a building. If paired chemical dust loading and chemical
concentration data are available, an empirical relationship can be used to derive a relationship and
conversion equation.

When an activity pattern method is used an overall dust or soil factor (units surface area/time) that
incorporates variability from the bulleted list above can be used to estimate intake.

Equations used to estimate soil and dust ingestion are reported below. Note, this HBCD assessment uses
Equation 2-9, while future assessments may use Equations 2-9 and/or 2-10 depending on data
availability.

DCXIRXFDXCF1XED
ADD = Equation 2-9
BW xXAT

Where
ADD = Average daily dose due to soil or dust ingestion (mg/kg-day)
DC = Dust or soil concentration (ug/g)
IR = Dust or soil ingestion rate (g/day)
CF; = Conversion factor for mg/pug
FD = Fraction of day spent (dust Ingestion only) in indoor microenvironment (unitless)
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ED = Exposure duration (Soil only-considers near facility time 13 and 33 years) (years)
BW = Body weight (kg)
AT = Averaging time (years)

DL XDF XTAXED
ADD = /=" Equation 2-10
BW x AT

Where

ADD = Average daily dose due to soil or dust ingestion (mg/kg-day)
DL = Dust or soil loading (ng/cm?)
DF = Dust or soil factor (cm?/ pg * mg/hr)

TS = Time spent in different microenvironments, total should equal time awake (hr/day)
ED = Exposure duration (Soil only-considers near facility time 13 and 33 years) (years)
BW = Body weight (kg)

AT = Averaging time (years)

A wide range of studies have reported HBCD concentrations in dust in a variety of indoor environments.
No studies were identified that identified HBCD loadings in dust. Therefore, empirically-derived
ingestion rates based on the tracer and biokinetic approaches were used for this assessment.

The dust sampling locations were identified for each monitoring study and grouped into a
microenvironment classification: residential, public and commercial building, automobile, and outdoors.
The time spent by children and adults in each of these microenvironments was estimated for three
generic activity-pattern profiles informed by EPA’s Consolidated Human Activity Patterns Database
(U.S. EPA, 2009a). The hours spent in each microenvironment were used to derive a fraction of the day
that an individual was exposed to the selected HBCD concentrations in each microenvironment.

Table 2-83 presents all values that were used in Equation 2-9 to estimate exposures from dust and soil
ingestion. Additional details on how these values were derived is available in the Draft Risk Evaluation
for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on General Population,
Environmental, and Consumer Exposure Assessment (U.S. EPA, 2019d).

Table 2-83. Dust and Soil Monitoring and Ingestion Values used in Estimating Dust and Soil
Ingestion Dose for HBCD

Parameter Central Tendency High-End
Monitored Dust Concentration-Residence pg/mg (ng/kg) 5.0E-04 (500) 5.0E-03 (5,000)
Monitored Dust Concentration-P&CB ug/mg (ng/kg) 5.0E-03 5.0E-02 (50,000)
Monitored Dust Concentration-Automobile pg/mg (ug/kg) 5.0E-02 (50,000) 5.0E-01 (500,000)
Monitored Soil Concentration near facility ng/mg (ng/kg) 5.0E-05 5.0E-04 (500)
Monitored Soil Concentration general population ug/mg (ug/kg) |5.0E-06 (5) 3.0E-05 (30)
Dust Ingestion Rate, varies by age mg/day 20-50 60-100

Soil Ingestion Rate, varies by age mg/day 10-40 50-90

See Supplemental Document for other ages (U.S. EPA, 2019d)
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Dodson measured flame retardants in house dust samples collected in 16 California homes in 2006 and
2011 Dodson et al. (2012a). Total HBCD was detected in 100% of the dust samples and ranged from 82
to 6,800 pg/kg (median = 190 pg/kg) in 2006 and from 39 to 1,800 pg/kg (median = 160 pg/kg) in
2011.

Shoeib measured flame retardants in house dust samples collected from homes located in Vancouver,
Canada, between 2007 and 2008 (Shoeib et al., 2012). Total HBCD was detected in all samples (n =
116) with concentrations that ranged from 20 to 4,700 pg/kg (mean = 450 pg/kg; median = 270 pg/kg).

Abdallah reported dust concentration across home, office, car, and public microenvironments Abdallah
et al. (2008b). HBCD was detected in all 97 samples. Levels in homes ranged from 140 to 140,000
png/kg, offices from 90 to 6,600 pg/kg, cars from 190 to 69,000 pg/kg, and public microenvironments
from 2,300 to 3,200 ug/kg.

Harrad et al measured dust in daycares and schools in the UK. HBCD was detected in all 43 samples and
ranged from 72 to 89,000 pug/kg (Harrad et al., 2010). 95" percentile levels were reported at 37,000
ug/kg and average levels were 8,900 pg/kg.

Allen et al (Allen et al., 2013) collected dust samples within airplanes. 40 dust samples were collected
between November and December of 2010 from carpeted floors and low-lying air return vents on the
walls of 19 commercial airplanes. Total HBCD was detected in 100% of the dust samples and ranged
from 180 to 1,100,000 pg/kg. Central tendency estimates were 7,600 ng/kg in floor samples and 10,000
ug/kg in vent samples.

Studies measuring the concentration of HBCD in soil are limited, with most studies measuring samples
located near industrial facilities Li et al. (2012b). Li et al (Li et al., 2016c) reported a statistically
significant negative correlation between HBCD soil concentrations and distance from facility, noting a
distance of 4 kilometers. The majority of soil sampling has been performed in Asia, most notably China.
Li et al (2016¢) reported soil concentrations ranging from 0.88 to 6,901, which are likely more
applicable to near-facility locations. Note that the 0.88 pg/kg sample was taken at a control site not
located near facilities. The next highest concentration reported was 2,295 and the geometric mean across
all samples was 83 pg/kg, and Tang et al. (2014b) collected in waste dumping sites, industrial areas, and
traffic areas ranged from 6 to 106 pg/kg. The sample depth and proximity to source influence soil
concentrations.

Tang collected 90 samples across the Ningbo Region of China that are more likely applicable to the
general population Tang et al. (2014b). Samples collected in residential and agricultural areas ranged
from ND to 46 pg/kg.

Table 2-84. Summary of HBCD Dust and Soil Monitoring Values (ng/g)

Dust Concentration Soil Concentration Reference Systematic

(ng/g) (ng/kg) Review Score
Range of All Values from (Allen et al., 2013); Medium;
Monitoring Data ND = LIE+6 ND - 1300 (Remberger et al., 2004) Medium
Range of Central (Hassan and Shoeib, 2014) Medium,;

B B (Abdallah et al., High;
Tend'enc.y Values from 6 —1.9E+4 2.33E-2-674 2008):Abdallah et al. (2008b) High:
Monitoring Data (Meng et al., 2011); High
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Dust Concentration Soil Concentration Reference Systematic
(ng/g) (ng/kg) Review Score
(Tang et al., 2014a)
?19 ” 6?88) NA (Dodson et al.. 2012b) High
(22075 447500(; NA (Shoeib et al., 2012) Medium
90 — 1.4E+5 .
Range (Central (760, 1.9E+04) NA (Abdallah et al., 2008) Medium
Tendency) of Yalues 72 _R.9F+4 .
from Key Studies (4100, 8900) NA (Harrad et al., 2010) Medium
(7168000‘11 blEE:O64) NA (Allen et al.. 2013) Medium
NA (17\117)5_61702) (Tang et al., 2014a) High
NA ND-34 (Lietal., 2012a) Medium

Dermal Exposures to Dust, Soil, and from Materials

EPA estimated the loading expected to present on skin through contact with dust, soil, and materials
containing HBCD throughout the day. Two approaches were used to estimate this loading. The first
approach was based on empirical data where HBCD present in dust on people’s hands was sampled
using hand-wipes. The second approach was based on measured dust and soil concentrations and age-
specific adherence factors. After estimating the dermal loading, an absorbed fraction of 6.5% was
applied as discussed in Section 3.2.2.

2.4.2.5

Exposures from Suspended Particulates in Air

Inhalation of Suspended Particles

EPA considered available air monitoring data to derive near-facility and general population (including
highly exposed groups) air concentrations of HBCD. EPA also estimated air releases using its Integrated
Indoor and Outdoor Air Calculator (IIOAC) tool, based on AERMOD results from a suite of dispersion
scenarios. While site specific meteorological conditions are not available, representative central
tendency and high-end meteorological stations, release estimates, and assumptions were used to derive a
range of estimated air concentrations for a given exposure scenario and release type (fugitive, stack,

incineration).

Estimated dose from ingestion of suspended particles was calculated for both general population and
highly exposed groups living near facilities. When a choice was available for central tendency or high-
end input, high-end choices were made to estimate the acute dose rate (ADR) and central tendency
choices were made to estimate average daily dose (ADD). Fenceline estimates are defined as air
concentrations at 100-meter ring while community average air concentrations are defined as average air

concentrations within 1 km of the facility. Note, rather than averaging outdoor and indoor air

concentrations by time spent, EPA assumed that the indoor-outdoor ratio for HBCD was 1 (high-end)
for ADR estimates and was 0.65 (central-tendency) for ADD estimates. Refer to the Draft Risk
Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on General
Population, Environmental, and Consumer Exposure Assessment (U.S. EPA, 2019d) for additional
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details on air modeling.

Table 2-85. Summary of HBCD Air Concentrations

Approach Highly Exposed General Population
Monitored Ambient Air Concentrations No Yes
Modeled Ambient Air Concentrations Yes No
Monitored Indoor Air Concentrations No Yes
Modeled Indoor Air Concentrations Yes No

Studies of HBCD in ambient air are limited. Hoh and Hites (2005b) was chosen as a key study for
general population air concentrations. HBCD was measured in five sites across five states and detected
in 120 of 156 samples. The Michigan site had HBCD concentrations that ranged from 0.2 to 8.0 pg/m°,
the Illinois site from 0.9 to 9.6 pg/m?>, the Indiana site from 0.2 to 3.6 pg/m?, the Arkansas site from 0.2
to 11 pg/m>, and the Louisiana site from 0.16 to 6.2 pg/m>. Across all sites central tendency
concentrations ranged from approximately 1 to 5 pg/m>.

Elevated HBCD concentrations for near-facility locations were measured by Hu et al. (2011) from 1 site
over 4 seasons, collecting 28 samples. Particle-phase was separated from gas-phase, with particle-phase
comprising over 95% of total HBCD. The sampling location was Menzu University in Beijing, China.
HBCD concentrations in air ranged from 0.000020-0.00180 pg/m?® (mean = 0.00039 pg/m? and median
=0.00028 pg/m®). The six samples taken near construction waste facilities, textile industries and urban
locations summarized here ranged from 0.00013 to 0.00074 pg/m?.

There are twelve studies measuring HBCD in indoor air. All studies characterized particle-phase HBCD
and two of three conducted sampling in different microenvironments. The Ni and Zeng calculated
concentrations of HBCD in air conditioning dust (Ni and Zeng, 2013). They estimated small particles
(PM25) differently from bigger particles (PMig). The PMi estimates are considered more appropriate in
the exposure assessment and range from 1.84E-5 to 2.27E-3 ug/m>. Abdallah et al. (2008b) estimated
HBCD concentrations in homes, offices and public microenvironments with concentrations ranging
from 6.7E-5 to 1.3E-3 ng/m?®. Hong et al. reported particulate-phase HBCD concentrations in homes,
offices and other workplaces ranging from 8.9E-7 to 2.46E-4 pg/m?® (Hong et al., 2016). While there are
only three studies available, they are generally consistent with each other and modeled indoor air
estimates based on dust concentrations are within the same order of magnitude.

A range of studies have reported ambient and indoor air concentrations in a variety of indoor and
outdoor environments. The air sampling locations were identified for each monitoring study and
grouped into microenvironments: residential, public and commercial building, automobile and outdoors.
The time spent by children and adults in each microenvironment was estimated for three generic
activity-pattern profiles informed by EPA’s Consolidated Human Activity Patterns Database (U.S. EPA
2009a). The hours spent in each microenvironment were used to derive a fraction of the day where an
individual was exposed to the selected HBCD concentrations in each microenvironment.

The distribution of HBCD between gas-phase and particle phase in indoor air and the resulting particle
size distribution is an important consideration. Smaller particles are expected to be respirable while
larger particles are expected to be inhalable. The particle size distribution was not available for many
monitoring studies, although most studies did report whether the sample was particulate or vapor. Only
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particulate values were considered for this pathway. Equation 2-11 was used to estimate dose from
ingestion of suspended particles in air is below.

ACXIRX IFXFD X ED
ADD = Equation 2-11
BWXxXAT

Where
ADD = Average daily dose due to suspended particle ingestion (mg/kg- day)
AC = Concentration of particulates in air (mg/m?)
IF = Fraction of inhaled particles that are ingested (unitless)
IR = Inhalation rate (m®/day)
FD = Fraction of day spent (dust Ingestion only) in microenvironment (unitless)
ED = Exposure duration (years)
BW = Body weight (kg)
AT = Averaging time (years)

The concentration of HBCD particulate in indoor air can be derived directly from air monitoring data or
estimated from measured indoor dust monitoring or total indoor air (vapor and particulate)
concentrations. Estimated particulate air concentrations align well with reported monitoring values and
are summarized in Table 2-86.
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Table 2-86. HBCD Concentrations in Indoor and Ambient Air (ng/m?)

Indoor Air . . Systematic
. Ambient Air .
Concentration (e o () Reference Review
(ng/m3) & Score
ND - 24
o . residential ND -6.7 (Saito et al., 2007); Medium;
Range of all Monitoring Data ND—29.5 background (Qi et al., 2014) Medium
commercial
(Newton et al., 2015); Medium,;
6.5E-4 028 1.0E-5 — 0.36 (Takigami et al., 200?); Medlu@;
. . (Hong et al., 2016); High;
Range of Central Tendency residential background ) 27
o . (Abdallah et al., 2008); High;
Values from Monitoring Data 6.4E-3-0.9 1.3E-2-1070 i 27
commercial near facility (Zhu ctal. 2014); ngh’
(Lietal., 2016¢); Medium;
(Remberger et al., 2004) Medium
1.35E-2 - 1.099
(0.505, 0.516) NA (Ni and Zeng, 2013) High
modeled
6.7E-2-1.3
(0.18, 0.25) NA (Abdallah et al., 2008) High
residential
4.0E-3 — 1.6E-2
R (Central Tend ) of (0.0064, 0.0082)
ange (Central Tendency) o :
Key Studies > ggﬂlﬁegcggs NA (Hong etal., 2016) High
(0.0054, 0.0067)
residential
2.0E-2to 1.8
NA (0.39) {Hu et al. (2011) Medium
background
ND - 1.1E-2
NA (0.0004, 0.0045) (Hoh and Hites, 2005a) Medium
background

Parameters and data sources used as inputs into this equation are provided in Table 2-87. Additional
detail is provided in the Draft Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD),
Supplemental Information on General Population, Environmental, and Consumer Exposure Assessment

(U.S. EPA, 2019d).
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Table 2-87. Data Sources and Inputs for Estimation of HBCD Inhalation Dose

Parameter Central Tendency High-End

Air Concentration Particulate Outdoors (near facility) pg/m?3 5.0E-4 1.0E-3
Air Concentration Particulate Outdoors (general population) pg/m3 5.0e-6 5.0E-5
Air Concentration Particulate Residence png/m? 5.0E-6 5.0E-5
Air Concentration Particulate P&CB pg/m® 5.0E-4 1.0E-3
Air Concentration Particulate Auto ng/m? 5.0E-6 5.0E-5
Inhalation Rate m3/day for adults, varies with age 15.7 21.3
Exposure Duration for near facility concentration- years 13 and 33 years

Emission to Air and Subsequent Inhalation of Particles from Point Sources

Scenario

from Source Pathway Receptor Approach

Table 2-70

A2 HBCD emitted from any point source | Emission to Air and Children, Adults | Quantitative, [IOAC
during its lifecycle from Scenarios subsequent inhalation
described in Section 2.2 of particles

Twelve scenarios from Section 2.2 were considered, ranging from import/repackaging to use of solder.
For scenarios with site-specific information, this information was used in the [IOAC model runs. When
site-specific information was not unknown, default parameters were used (see Draft Risk Evaluation for
Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on General Population,
Environmental, and Consumer Exposure Assessment (U.S. EPA, 2019d)).

Modeled results are presented in Table 2-88 for daily-averaged and annual-averaged ambient air
concentration, respectively, and in Table 2-97 and Table 2-98 for ADR and ADD by toddler and adult.
Under each scenario, multiple model runs were performed to include different source types, high end
and central tendency climate regions, and high end and central tendency release estimates. These results
are further summarized in Table 2-88 where the high-end daily-averaged ambient air concentration and
the central tendency annual-averaged ambient air concentration are presented.
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Table 2-88. Overall Summary of HBCD Ambient Air Concentrations for 12 Emission Scenarios
(Gray cells indicate no release data for this source.)

Fugitive Air Concentration

Average Incineration Air

Incineration Air

. Range (ng/m®) Concentration Range (ug/m®) | Concentration Range (ng/m?)
Scenario Name 24-Hour Average / 24-Hour Average / 24-Hour Average /
Yearly Average Yearly Average Yearly Average

1. Import, Repackaging, Dust Release
during Unloading of HBCD

6.72E-02 - 5.85E+00 /
8.74E-04 - 4.41E-03

1.17E-02 - 8.54E-01/
6.72E-04 - 3.36E-03

3.28E-04 - 3.16E-02 /
2.56E-04 - 1.28E-03

2. Compounding of Polystyrene Resin to
Produce XPS Masterbatch

3.43E-03 - 2.64E-02 /
5.35E-06 - 6.39E-06

4.90E-04 - 3.80E-03 /
4.08E-06 - 5.70E-06

NA

3. Manufacturing of XPS Foam using XPS
Masterbatch

1.30E-01 - 2.77E+00 /
5.05E-05 - 5.06E-05

1.85E-02 - 3.50E-01 /
3.86E-05 - 3.86E-05

NA

4. Manufacturing of XPS Foam using
HBCD Powder

1.64E-02 - 3.49E-01 /
6.36E-06 - 6.37E-06

2.33E-03 - 2.90E+00 /
4.86E-06 - 3.46E-04

6.84E-03 - 2.30E-01 /
1.78E-04 - 1.89E-04

5. Manufacturing of EPS Foam from
Imported EPS Resin Beads, Dust Release
during Converting Process

1.97E-01 - 1.13E+01 /
8.74E-04 - 4.38E-03

3.16E-02 - 1.60E+00 /
6.67E-04 - 3.91E-03

2.09E-02 - 4.96E-01 /
5.36E-03 - 1.02E-02

6. Manufacturing of SIPs and Automotive
Replacement Parts, Dust Release During
Sawing / Cutting of Foam

3.40E-03 - 5.07E-01 /
4.42E-05 - 1.98E-04

5.93E-04 - 7.20E-02 /
3.37E-05 - 1.51E-04

3.29E-03 - 3.13E-01 /
2.57E-03 - 6.45E-03

8. Installation of Insulation in Buildings,
Dust release during sawing / cutting of
foam

8.97E-05 - 8.93E-03 /
1.64E-09 - 5.78E-07

NA

1.25E-04 - 6.60E-03 /
9.47E-08 - 1.88E-05

10. Recycling of EPS Foam, Dust release
from Grinding ofFoam

1.38E-04 - 1.67E-01 /
6.11E-07 - 3.07E-06

2.21E-05 - 2.12E-02/
4.67E-07 - 2.34E-06

1.47E-05 - 5.90E-03 /
3.75E-06 - 4.47E-06

11. Formulation of Solder, TRI Data

2.93E-04 - 3.10E-02 /
6.60E-06 - 6.71E-06

1.92E-03 - 1.63E-01 /
7.54E-05 - 7.62E-05

NA

12. Use of Solder, Disposal of Transport
Containers and Overapplied/Unused
Solder

NA

NA

5.77E-06 - 1.22E-03 /
4.50E-06 - 5.07E-06
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2.4.2.6 Consumer Exposures

2.4.2.6.1 Consumer Exposures to EPS/XPS Insulation In Residences — Emission from Insulation
into Indoor Air and Settled Dust

Scenario
from Source Pathway Receptor Approach
Table 2-70
EPS/XPS Insulation in| Emission from insulation into Children and o
A3 residences indoor air settled dust Adults Quantitative-IECCU

In order to estimate the presence and fate of HBCD in vapor phase, settled dust, airborne particulate
matter, and interior surfaces, a series of simulations were conducted for a “typical” residential building
and a “typical” passenger vehicle by using existing mass transfer models and simulation tools. Most
parameters were either obtained from data in the literature or estimated with empirical and QSAR
models. All the simulations were conducted with IECCU version 1.1 (U.S. EPA. 20190).

The modeling results were compared with limited experimental data. The predicted HBCD
concentrations in settled dust in the living space were in line with the field measurements. Additionally,
the predicted temperature dependence of the HBCD emission rate is in good agreement with the
laboratory testing results reported by the Japanese researchers.

EPA used a general mass balance approach as defined in the user guide of the IECCU model to estimate
the indoor concentrations of HBCD in indoor air and dust of a multi-zone indoor environment (U.S.
EPA. 20190). Additional details are provided in Appendix F.

EPA used modeled indoor air and dust estimates over time to quantify doses. The highest 24-hour
average indoor air and dust concentration was combined with a high-end intake to quantify age specific
ADR values. The long-term average indoor air and dust concentration was combined with a central
tendency intake to quantify age specific ADD values. EPA assumed that 90% of time was spent in the
residence with the modeled concentration and 10% of time was spent in another microenvironment
where the dust and indoor air concentrations were set at central tendency for ADD estimates and high-
end for ADR estimates. These dose estimates are of a similar order of magnitude to those estimates for
general population. The ADR estimates are generally slightly lower than general population high-end
estimates and the ADD estimates are generally slightly higher than general population central tendency
estimates. However, all modeled doses are within a factor of five, when compared to general population
estimates.
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Table 2-89. Age Specific ADR and ADD Associated with Residential Insulation Scenario A3

TOTAL ADR (mg/kg/day) | TOTAL ADD (mg/kg/day)
Infant (<1 year) 1.0E-04 2.4E-05
Young Toddler (1-<2 years) 9.7E-05 2.5E-05
Toddler (2-<3 years) 8.5E-05 2.2E-05
Small Child (3-<6 years) 6.4E-05 1.8E-05
Child (6-<11 years) 4.4E-05 1.3E-05
Teen (11-<16 years) 3.1E-05 8.7E-06
Adult (16-<78 years) 2.2E-05 6.5E-06

2.4.2.6.2 Consumer Exposure to HBCD Contained in Automobile Components

Scenario
from Source Pathway Receptor Approach
Table 2-70
HBCD contained in Emission into automobile cabin air Children and o
Ad automobile components and settled dust Adults Quantitative-IECCYU

EPA followed a similar process to use modeled indoor air and dust estimates over time to quantify
doses. The highest 24-hour average indoor air and dust concentration was combined with a high-end
intake to quantify age specific ADR values. The long-term average indoor air and dust concentration
was combined with a central tendency intake to quantify age specific ADD values. EPA assumed that
10% of time was spent in the automobile with the modeled concentration and 90% of time was spent in
another microenvironment where the dust and indoor air concentrations were set at central tendency for
ADD estimates and high-end for ADR estimates. These dose estimates are of a similar order of
magnitude to those estimates for general population. The ADR estimates are generally slightly lower
than general population high-end estimates and the ADD estimates are generally slightly higher than
general population central tendency estimates. However, all modeled doses are within a factor of five,
when compared to general population estimates.

Table 2-90. Age Specific ADR and ADD associated with Auto Component - Scenario A4

TOTAL ADR (mg/kg/day) | TOTAL ADD (mg/kg/day)
Infant (<1 year) 9.7E-05 3.2E-05
Young Toddler (1-<2 years) 9.2E-05 3.5E-05
Toddler (2-<3 years) 8.1E-05 2.3E-05
Small Child (3-<6 years) 6.0E-05 1.8E-05
Child (6-<11 years) 4.2E-05 1.2E-05
Teen (11-<16 years) 2.9E-05 6.8E-06
Adult (16-<78 years) 2.1E-05 5.0E-06
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2.4.2.6.3 Exposure to Recycled Consumer Articles that Contain HBCD

Scenario
from Source Pathway Receptor Approach
Table 2-70
Recycled consumer articles that |  Mouthing, direct . o
A6 contain HBCD contact Young children | Quantitative

EPA identified information in the open literature that describes articles which contain HBCD, and
recognizes this as an important pathway for young children who may mouth articles. EPA considered
mouthing of recycled plastic products using experimental product-testing information on HBCD content
in consumer articles. EPA identified two data sources that measured HBCD content and provided
additional contextual information on the type of consumer article and whether it was new or recycled
(Abdallah et al., 2018; Vojta et al., 2017). EPA determined which of these consumer articles were not

likely to be mouthed (i.e., insulation products, building materials) and which products could be mouthed
(i.e., food packaging materials, toys). The concentration of HBCD in consumer articles that were not
likely to be mouthed was higher than the concentration present in consumer articles that could be

mouthed.

The concentration of HBCD present in all products was higher (<1 ppm to 6,000 ppm) than the
concentration of HBCD present in the products likely to be mouthed (<1 ppm to 250 ppm). While
HBCD can be present in many consumer articles, presence at levels such as <1 ppm to 250 ppm are not
likely to impart flame retardancy and are likely due to mixing of recycled feedstocks from many
sources. Generally, as the concentration of HBCD increases the potential for imparting flame retardancy
and the potential for exposure increases. Presence of HBCD at higher levels (>250 ppm) may also be
due to mixing of recycled feedstocks from many sources. However, EPA used any data above the
detection limit for products likely to be mouthed rather than identify a lower or upper cut-off based on
the potential for exposure and/or the potential for imparting flame retardancy. Additional details are
provided in Appendix F.

Table 2-91. Estimated Exposure from Mouthing of Articles Containing HBCD

HBCD Concentration in Migration ADR ADR ADD ADD
Suml.na‘ry ‘Consumer Articles Rate‘into 1-2 yrs 1-2 yrs 1-2 yrs 1-2 years
Statistic Likely to be Mouthed Saliva (Central . (Central .

(ppm) (ug/cm?/hr) Tendency) (High End) Tendency) (High End)
min 0.0015 3.8E-08 5.39E-11 5.39E-10 3.69E-11 3.69E-10
10th 0.003643 9.3E-08 1.33E-10 1.33E-09 9.09E-11 9.09E-10
50th 0.0915 2.2E-06 3.18E-09 3.18E-08 2.18E-09 2.18E-08

geomean 0.137864 3.3E-06 4.76E-09 4.76E-08 3.26E-09 3.26E-08
75th 0.56575 1.3E-05 1.91E-08 1.91E-07 1.31E-08 1.31E-07
90th 19.3096 4.3E-04 6.19E-07 6.19E-06 4.24E-07 4.24E-06
95th 32.66395 7.3E-04 1.04E-06 1.04E-05 7.11E-07 7.11E-06
98th 75.1788 1.7E-03 2.36E-06 2.36E-05 1.62E-06 1.62E-05
99th 90.41996 2.0E-03 2.83E-06 2.83E-05 1.94E-06 1.94E-05
max 249.7 5.4E-03 7.70E-06 7.70E-05 5.28E-06 5.28E-05
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2.4.2.7 Qualitative Exposure Scenarios
This section describes qualitative or semi-quantitative scenarios used to provide context for exposure
scenarios that were identified in EPA’s conceptual model but that were not ultimately quantified and
carried through for risk characterization. Note while some of these scenarios do provide quantitative
estimates, these values are provided with the sole purpose to provide context for EPA’s best estimate of
potential exposure. These estimates are highly uncertain and are based on limited data. While these
scenarios have exposure potential, exposures are likely to be highly variable for reasons described
below.

Emissions to Ambient Air from EPS and XPS Insulation in Residences

Scenario
from Source Pathway Receptor Approach
Table 2-70

EPS and XPS insulation Emission from building interior

A5 . . to ambient air surrounding
in residences Iy
buildings

Children and adults living near

buildings containing HBCD Qualitative

Ventilation is the most important means by which HBCD is removed from the indoor environment.
However, the effect of HBCD release from buildings to surrounding ambient air is expected to be low.
The HBCD release rate is estimated to be 0.02 g/day over the first 100 days after the application of
insulation. The mass balance table from the consumer articles section shows that the total HBCD vented
out over a 100-day period is 2.06x10° pg (i.e., 2.06 g). This gives a source strength for a single home,
strength of point source = 2.06x10° pg + 100 days = 2.06x10* ng/day (or 0.02 g/day).

To estimate the effect of indoor emissions on ambient air, consider a 100-square mile, densely populated
urban area with a housing density of 1000 units per square mile. In this example, the total source
strength is:

Total source strength = 100 mile? x 1000 units/mile? x 2.06x10* pg/day = 2.06x10° pg/day.
Next, calculate the size of the air box that moves through the city over a 24-h period.

Mixing height: The mixing height in urban area is usually between 300 and 1000 m. Consider the worse-
case scenario with a mixing height of only 150 m due to temperature inversion, which was the case
during the London fog episode in 1952. Wind speed and travel distance: The worst-case scenario occurs
when there is little wind. In this calculation, a wind speed of 1 m/s was used (i.e., the Beaufort number =
1 on a 0-to-12 scale). Thus, the distance of the air will travel over a 24-h period is 1 m/s x 3600 s/h x 24
h = 86400 m. Furthermore, the diameter of the city area (100 mile?) is 18200 m. From these values, the
size of the air box moving through the city over a 24-h period can be calculated,

Air box volume = 150 m x 86400 m x 18200 m = 2.35x10!' m?

Dividing the total source strength by the air volume yields the HBCD concentration in the urban air
below the mixing height:

Possible Concentration = 2.06x10° ug + 2.35x10'" m® = 8.75x1073 pg/m?
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If other factors are considered such as other types of buildings which may have insulation and the
fraction of total buildings that have HBCD EPS or XPS insulation as opposed to other kinds of
insulation, there is additional variability that should be considered in the quantified air concentration. It
is noteworthy that this estimated air concentration is near the top-end of the range for extracted ambient
air monitoring data. Other refinements based on data could be used to modify this estimate closer to
central tendency monitoring values, but this was not undertaken at this time. In summary, emissions
from HBCD insulation to ambient air represent a potential ongoing source of exposure to the
environment.

HBCD Sent to Landfill Across the Lifecycle

Scenario
from Source Pathway Receptor Approach
Table 2-70
Comingled HBCD Populations living near landfills
A7 HBCD sent to landfill | containing materials leach Qualitative
across the lifecycle | into soil, disposed food, and Nesting birds living near
water landfills

Over 99% of landfill releases are expected from the insulation use: 408,687 out of 411,948 kg/year.
There is potential for HBCD released to landfill to migrate to the nearby environment. However, typical
management controls such as coverings, liners, and treatment may partially or fully mitigate this. ECHA
acknowledges that there are no commonly accepted models available to predict releases and exposures
from landfills. Further, they encourage a qualitative discussion of landfill exposure, as is provided here.
HBCD is expected to strongly sorb to soil particle, is not volatile and would likely only escape to air
through windblown soil particles. Due its high KoC, HBCD any potential migration through the landfill
to effluent would be slow. Very few effluent monitoring studies are available. One recent experimental
study noted that HBCD migration from materials into effluent can occur and is influenced by
experimental conditions mimicking real-world conditions (Stubbings and Harrad, 2014). However, even
though the total annual releases appear large, EPA provides the following context. If the annual releases
were divided by the number of active landfills in the US and the average size of a landfill in the US, and
divided this mass into the top of layer of soil in a landfill this concentration would approximate central
tendency estimates from extracted soil monitoring data. However, there is a high degree of variability
associated with any estimated exposure from landfill releases. In summary, under some conditions it is
possible that landfills represent a potential source of exposure to the nearby environment.

24.2.8 Values Used in the Assessment of General Population, Highly Exposed, and
Consumer Exposure

EPA summarized inputs used to estimate general population and highly exposed groups. For each
exposure pathway, all central tendency and high-end doses were estimated by combining monitored

and/or modeled environmental concentrations with age specific activity patterns and exposure factors.

EPA’s Human Exposure Guidelines defined central tendency exposures as “an estimate of individuals in
the middle of the distribution.” It is anticipated that these estimates apply to most individuals in the U.S.
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High-end exposure estimates are defined as “plausible estimate of individual exposure for those
individuals at the upper end of an exposure distribution, the intent of which is to convey an estimate of
exposure in the upper range of the distribution while avoiding estimates that are beyond the true
distribution.” It is anticipated that these estimates apply to some individuals, particularly those who may
live near facilities with elevated concentrations.

To better under the distribution of exposures and to assess the impact of variability in environmental
concentrations and exposure factor variables that influence exposure, an analysis was conducted using
Python. In this analysis, the full distribution of input variables was sampled in a Monte Carlo analysis
that allowed for the construction of a full distribution of estimated exposures. For environmental
monitoring data, the distribution was conducted assuming a lognormal distribution where the central
tendency input was representative of the median and the high-end input was representative of the 95"
percentile. A lognormal distribution was selected to reflect the skewness commonly found in
environmental data. For exposure factors and all other inputs that had both a central tendency and high-
end estimate, normal distributions were assumed thus avoiding extreme values for physiological
variables such as body weight. These distributions are summarized below and presented in the Draft
Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on General
Population, Environmental, and Consumer Exposure Assessment (U.S. EPA, 2019d).

The final pathway and aggregate exposure distributions were generated as follows:

e Computer code in Python software was used to implement the simulation.

e A total of 10,000 realizations were used after testing to ensure that this was adequate to achieve
distributional convergence.

e FEach variable’s distribution was truncated to not allow a value equal or less than zero or greater
than three standard deviations, or in the case of lognormal distributions, geometric standard
deviations, to be selected.

e The median was selected to represent central tendency estimates, and the 95 percentile was
selected to represent high end estimates.

Table 2-92 below provides additional information on which distributions were assumed.

All variables and distributions used to estimate highly exposed and general population exposure
estimates are listed in Table 2-92. There are variations between general population and highly exposed
groups.

Table 2-92. Variables and Distribution Type used to Estimate Central Tendency, High-End
Estimates of General Population Exposures to HBCD

Exposure Pathway Variable Distribution
Fish Ingestion Concentration in Fish Tissue Lognormal
Fish Ingestion Fish Ingestion Rate Normal
Dust Ingestion Concentration in Dust Lognormal
Dust Ingestion Dust Ingestion Rate Normal
Soil Ingestion Concentration in Soil Lognormal
Soil Ingestion Soil Ingestion Rate Normal

Ambient Air Concentration in Air Lognormal
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Exposure Pathway Variable Distribution

Indoor Air Concentration in Air Lognormal
Ambient and Indoor Air Inhalation Rate Normal
Fish, Ambient, and Indoor Air Time living near facility Uniform

Dermal Loading Loading present on hands Lognormal
Dermal Surface Area of Hands to Body Weight Ratio Normal

Dietary (other) Fruit, Vegetable, Meat, Dairy Concentration Lognormal
Dietary (intake) Fruit, Vegetable, Meat, Dairy Ingestion Rate Normal

Breast Milk ingestion Breast Milk Concentration Lognormal
Breast Milk ingestion Ingestion rate Normal
All pathways Body Weight Normal

For estimating fish ingestion doses to highly exposed populations, as described in Section 2.3.2, EPA
used the Point Source Calculator model to estimate surface water concentrations resulting from
emissions to surface water associated with the scenario specific conditions of use. The results of all
modeling runs are presented in Table 2-93 (mean flow for S0 percentile facility) and in Table 2-94
(mean flow for 10™ percentile facility). Dissolved water concentrations were used to estimate fish
ingestion doses as described in Section 2.4.2.3 with the 50" percentile, 21 day average dissolved water
concentrations were used to estimate the ADD and the 10 percentile, 21 day average dissolved water
concentrations were used to estimate the ADR. The resulting fish ingestion doses, arrayed by scenario
and age group are shown in Table 2-95 and Table 2-96.

Table 2-93. Estimated Surface Water Concentrations of HBCD Modeled using PSC (Mean Flow

S50th Percentile)
Water Water Water Water Water Water Sediment Sediment
Scenario Column Column Column Column Column Column 28 day 28 day
Label Total 1 Day 1 Day Total 21 day avg. | 21 day avg. average average
1 Day Dissolved Suspended | 21 day avg. Dissolved Suspended (128)? an?
ng/L ng/L ng/L ng/L ng/L ng/L ng/kg ng/kg
1.1 1.2E-01 8.9E-02 1.8E-02 1.1E-02 8.5E-03 1.7E-03 2.4E+01 1.1E+01
1.2 1.1E-02 8.6E-03 1.7E-03 9.2E-03 6.9E-03 1.4E-03 2.3E+01 1.0E+01
1.3 5.9E-01 4.5E-01 8.9E-02 5.6E-02 4.3E-02 8.5E-03 1.2E+02 5.3E+01
1.4 5.7E-02 4.3E-02 8.7E-03 4.6E-02 3.5E-02 7.0E-03 1.2E+02 5.2E+01
1.5 5.4E-01 4.1E-01 8.1E-02 5.2E-02 3.9E-02 7.8E-03 1.1E+02 4.8E+01
1.6 5.2E-02 3.9E-02 7.9E-03 4.2E-02 3.2E-02 6.4E-03 1.1E+02 4.7E+01
1.7 2.7E+00 2.0E+00 4.1E-01 2.6E-01 2.0E-01 3.9E-02 5.4E+02 2.4E+02
1.8 2.6E-01 2.0E-01 4.0E-02 2.1E-01 1.6E-01 3.2E-02 5.4E+02 2.4E+02
2.1 1.1E-01 8.6E-02 1.7E-02 5.4E-03 4.1E-03 8.2E-04 8.5E+00 4.1E+00
2.2 1.8E-02 1.4E-02 2.8E-03 3.5E-03 2.7E-03 5.3E-04 7.9E+00 3.5E+00
23 2.5E-01 1.9E-01 3.8E-02 1.2E-02 9.2E-03 1.8E-03 1.9E+01 9.1E+00
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Water Water Water Water Water Water Sediment Sediment
Scenario Column Column Column Column Column Column 28 day 28 day
Label Total 1 Day 1 Day Total 21 day avg. | 21 day avg. average average
1 Day Dissolved Suspended 21 day avg. Dissolved Suspended (128)* an?
ng/L ng/L ng/L ng/L ng/L ng/L ng/kg ng/kg
24 4.2E-02 3.2E-02 6.4E-03 8.1E-03 6.1E-03 1.2E-03 1.8E+01 8.1E+00
2.5 1.1E-02 8.6E-03 1.7E-03 5.4E-04 4.1E-04 8.2E-05 8.5E-01 4.1E-01
2.7 2.5E-02 1.9E-02 3.8E-03 1.2E-03 9.2E-04 1.8E-04 1.9E+00 9.1E-01
29 5.2E-02 3.9E-02 7.8E-03 2.5E-03 1.9E-03 3.7E-04 3.9E+00 1.9E+00
2.11 1.2E-01 8.8E-02 1.8E-02 5.6E-03 4.2E-03 8.4E-04 8.8E+00 4.2E+00
3.1 3.7E-01 2.8E-01 5.6E-02 1.8E-02 1.3E-02 2.6E-03 1.5E+01 1.1E+01
3.2 2.5E-02 1.9E-02 3.7E-03 1.2E-03 8.9E-04 1.8E-04 2.7E+00 1.2E+00
3.3 9.0E-01 6.8E-01 1.4E-01 4.3E-02 3.2E-02 6.5E-03 3.6E+01 2.7E+01
3.4 6.0E-02 4.6E-02 9.1E-03 2.9E-03 2.2E-03 4.4E-04 6.7E+00 3.0E+00
3.5 3.7E-02 2.8E-02 5.6E-03 1.8E-03 1.3E-03 2.6E-04 1.5E+00 1.1E+00
3.6 2.5E-03 1.9E-03 3.7E-04 1.2E-04 8.9E-05 1.8E-05 2.7E-01 1.2E-01
3.7 9.0E-02 6.8E-02 1.4E-02 4.3E-03 3.2E-03 6.5E-04 3.6E+00 2.7E+00
3.8 6.0E-03 4.6E-03 9.1E-04 2.9E-04 2.2E-04 4.4E-05 6.7E-01 3.0E-01
3.9 1.7E-01 1.3E-01 2.5E-02 8.0E-03 6.0E-03 1.2E-03 6.8E+00 5.1E+00
3.10 1.1E-02 8.4E-03 1.7E-03 5.4E-04 4.0E-04 8.1E-05 1.2E+00 5.6E-01
3.11 4.1E-01 3.1E-01 6.2E-02 2.0E-02 1.5E-02 3.0E-03 1.7E+01 1.3E+01
3.12 2.8E-02 2.1E-02 4.2E-03 1.3E-03 1.0E-03 2.0E-04 3.1E+00 1.4E+00
4.1 3.5E-01 2.6E-01 5.3E-02 1.7E-02 1.3E-02 2.5E-03 1.4E+01 1.1E+01
4.2 2.9E-02 2.2E-02 4.5E-03 1.4E-03 1.1E-03 2.1E-04 2.5E+00 1.1E+00
43 3.5E-02 2.6E-02 5.3E-03 1.7E-03 1.3E-03 2.5E-04 1.4E+00 1.1E+00
4.4 2.9E-03 2.2E-03 4.5E-04 1.4E-04 1.1E-04 2.1E-05 2.5E-01 1.1E-01
4.5 1.6E-01 1.2E-01 2.4E-02 7.6E-03 5.8E-03 1.2E-03 6.4E+00 4.9E+00
4.6 1.3E-02 1.0E-02 2.0E-03 6.4E-04 4.9E-04 9.7E-05 1.2E+00 5.2E-01
5.1 2.4E+01 1.8E+01 3.6E+00 1.1E+00 8.5E-01 1.7E-01 2.7E+03 1.2E+03
52 2.4E+00 1.8E+00 3.6E-01 1.1E-01 8.5E-02 1.7E-02 2.7E+02 1.2E+02
53 1.1E+01 8.1E+00 1.6E+00 5.1E-01 3.9E-01 7.8E-02 1.3E+03 5.7E+02
54 2.7E+00 2.0E+00 4.1E-01 9.0E-01 6.8E-01 1.4E-01 2.3E+03 1.0E+03
55 2.7E-01 2.0E-01 4.1E-02 9.0E-02 6.8E-02 1.4E-02 2.3E+02 1.0E+02
56 1.2E+00 9.3E-01 1.9E-01 4.1E-01 3.1E-01 6.2E-02 1.1E+03 4.7E+02
57 3.2E+01 2.4E+01 4.9E+00 1.5E+00 1.2E+00 2.3E-01 3.7E+03 1.7E+03
58 3.2E+00 2.4E+00 4.9E-01 1.5E-01 1.2E-01 2.3E-02 3.7E+02 1.7E+02
59 1.5E+01 1.1E+01 2.2E+00 7.0E-01 5.3E-01 1.1E-01 1.7E+03 7.7E+02
5.10 3.7E+00 2.8E+00 5.6E-01 1.2E+00 9.3E-01 1.9E-01 3.2E+03 1.4E+03
511 3.7E-01 2.8E-01 5.6E-02 1.2E-01 9.3E-02 1.9E-02 3.2E+02 1.4E+02
512 1.7E+00 1.3E+00 2.5E-01 5.6E-01 4.3E-01 2.5E-01 1.5E+03 6.4E+02
6.1 1.1E-01 8.2E-02 1.6E-02 5.2E-03 3.9E-03 7.8E-04 1.3E+01 5.7E+00
6.2 1.1E-02 8.2E-03 1.6E-03 5.2E-04 3.9E-04 7.8E-05 1.3E+00 5.7E-01
6.3 4.9E-02 3.7E-02 7.4E-03 2.4E-03 1.8E-03 3.6E-04 5.7E+00 2.6E+00
6.4 5.8E-03 4.4E-03 8.7E-04 5.0E-03 3.7E-03 7.5E-04 1.2E+01 5.5E+00
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Water Water Water Water Water Water Sediment Sediment
Scenario Column Column Column Column Column Column 28 day 28 day
Label Total 1 Day 1 Day Total 21 day avg. | 21 day avg. average average
1 Day Dissolved Suspended 21 day avg. Dissolved Suspended (128)* an?
ng/L ng/L ng/L ng/L ng/L ng/L ng/kg ng/kg
6.7 4.8E-01 3.6E-01 7.3E-02 2.3E-02 1.7E-02 3.5E-03 5.6E+01 2.5E+01
6.8 4.8E-02 3.6E-02 7.3E-03 2.3E-03 1.7E-03 3.5E-04 5.6E+00 2.5E+00
6.9 2.2E-01 1.7E-01 3.3E-02 1.1E-02 7.9E-03 1.6E-03 2.6E+01 1.2E+01
6.10 2.6E-02 1.9E-02 3.9E-03 2.2E-02 1.7E-02 3.3E-03 5.5E+01 2.4E+01
6.11 2.6E-03 1.9E-03 3.9E-04 2.2E-03 1.7E-03 3.3E-04 5.5E+00 2.4E+00
6.12 1.2E-02 8.9E-03 1.8E-03 1.0E-02 7.6E-03 1.5E-03 2.5E+01 1.1E+01
8.1 6.6E-04 5.0E-04 1.0E-04 3.2E-05 2.4E-05 4.8E-06 2.7E-02 2.0E-02
83 7.8E-02 5.9E-02 1.2E-02 3.7E-03 2.8E-03 5.7E-04 3.6E+00 2.4E+00
10.1 5.0E-01 3.8E-01 7.6E-02 2.4E-02 1.8E-02 3.6E-03 2.0E+01 1.5E+01
10.2 5.0E-02 3.8E-02 7.6E-03 2.4E-03 1.8E-03 3.6E-04 2.0E+00 1.5E+00
10.3 2.3E-01 1.7E-01 3.5E-02 1.1E-02 8.3E-03 1.7E-03 9.3E+00 7.0E+00
104 3.6E-03 2.7E-03 5.4E-04 1.2E-03 9.1E-04 1.8E-04 3.1E+00 1.4E+00
10.7 6.0E-01 4.5E-01 9.1E-02 2.9E-02 2.2E-02 4.3E-03 2.4E+01 1.8E+01
10.8 6.0E-02 4.5E-02 9.1E-03 2.9E-03 2.2E-03 4.3E-04 2.4E+00 1.8E+00
10.9 2.7E-01 2.1E-01 4.1E-02 1.3E-02 9.8E-03 2.0E-03 1.1E+01 8.3E+00
10.10 4.3E-03 3.2E-03 6.5E-04 1.4E-03 1.1E-03 2.2E-04 3.7E+00 1.6E+00
12.1 1.9E-03 1.4E-03 2.9E-04 9.0E-05 6.8E-05 1.4E-05 8.9E-02 5.8E-02
12.2 8.6E-03 6.5E-03 1.3E-03 4.1E-04 3.1E-04 6.2E-05 4.1E-01 2.6E-01
12.5 3.8E-03 2.9E-03 5.7E-04 1.8E-04 1.4E-04 2.7E-05 1.8E-01 1.2E-01
12.6 1.7E-02 1.3E-02 2.6E-03 8.2E-04 6.2E-04 1.2E-04 8.1E-01 5.3E-01
2 sediment benthic half-life (days)

Table 2-94. Estimated Surface Water Concentrations of HBCD Modeled using PSC (Mean Flow

10th Percentile)
Water Water Water Sediment Sediment
Wi Water Water Column Column 21 Column ng/kg png/kg
Column1 | Column Column
. . pg/L day 21 day 28 day 28 day
Scenario | Day Dissolved 1 Suspended 21 Dissol
Label average Day pg/L 1 Day pg/L day issolved Suspended | average average
g average pg/L pg/L (128)? an?

1.1 3.3E+00 2.5E+00 5.0E-01 3.3E-01 2.5E-01 5.0E-02 6.9E+02 3.0E+02
1.2 3.3E-01 2.5E-01 5.0E-02 2.7E-01 2.1E-01 4.1E-02 6.9E+02 3.0E+02
1.3 1.7E+01 1.3E+01 2.5E+00 1.7E+00 1.2E+00 2.5E-01 3.5E+03 1.5E+03
1.4 1.6E+00 1.2E+00 2.5E-01 1.3E+00 1.0E+00 2.0E-01 3.5E+03 1.5E+03
1.5 3.7E+00 2.8E+00 5.6E-01 3.7E-01 2.8E-01 5.6E-02 7.8E+02 3.4E+02
1.6 3.7E-01 2.8E-01 5.6E-02 3.0E-01 2.3E-01 4.6E-02 7.7E+02 3.3E+02
1.7 1.9E+01 1.4E+01 2.8E+00 1.9E+00 1.4E+00 2.8E-01 3.9E+03 1.7E+03
1.8 1.9E+00 1.4E+00 2.8E-01 1.5E+00 1.2E+00 2.3E-01 3.9E+03 1.7E+03
2.1 3.2E+00 2.4E+00 4.8E-01 1.6E-01 1.2E-01 2.4E-02 2.5E+02 1.2E+02
2.2 5.2E-01 3.9E-01 7.9E-02 1.0E-01 7.8E-02 1.6E-02 2.3E+02 1.0E+02
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Water Water Water Water Water Water Sediment Sediment

Column 1 Column Column Column Column 21 Column ng/kg ng/kg
SECIEE | ey Dissolved 1 Suspended ;%/:ay dD:gsolved gls(:)?l’lded zge(:‘zze zge(:‘zze
Label average Day pg/L 1 Day pg/L . .

average pg/L pg/L (128) an

2.3 7.1E+00 5.4E+00 1.1E+00 3.5E-01 2.7E-01 5.3E-02 5.6E+02 2.6E+02
2.4 1.2E+00 9.1E-01 1.8E-01 2.4E-01 1.8E-01 3.6E-02 5.4E+02 2.3E+02
2.5 3.2E-01 2.4E-01 4.8E-02 1.6E-02 1.2E-02 2.4E-03 2.5E+01 1.2E+01
2.7 7.1E-01 5.4E-01 1.1E-01 3.5E-02 2.7E-02 5.3E-03 5.6E+01 2.6E+01
29 3.5E-01 2.7E-01 5.4E-02 1.8E-02 1.3E-02 2.6E-03 2.8E+01 1.3E+01
2.11 8.0E-01 6.0E-01 1.2E-01 3.9E-02 3.0E-02 6.0E-03 6.3E+01 2.9E+01
3.1 1.0E+01 7.8E+00 1.6E+00 5.0E-01 3.8E-01 7.5E-02 4.2E+02 3.2E+02
32 6.9E-01 5.2E-01 1.0E-01 3.4E-02 2.6E-02 5.2E-03 7.9E+01 3.5E+01
3.3 2.5E+01 1.9E+01 3.8E+00 1.2E+00 9.2E-01 1.8E-01 1.0E+03 7.7E+02
3.4 1.7E+00 1.3E+00 2.6E-01 8.5E-02 6.4E-02 1.3E-02 2.0E+02 8.6E+01
3.5 1.0E+00 7.8E-01 1.6E-01 5.0E-02 3.8E-02 7.5E-03 4.2E+01 3.2E+01
3.6 6.9E-02 5.2E-02 1.0E-02 3.4E-03 2.6E-03 5.2E-04 7.9E+00 3.5E+00
3.7 2.5E+00 1.9E+00 3.8E-01 1.2E-01 9.2E-02 1.8E-02 1.0E+02 7.7E+01
3.8 1.7E-01 1.3E-01 2.6E-02 8.5E-03 6.4E-03 1.3E-03 2.0E+01 8.6E+00
3.9 1.2E+00 8.7E-01 1.7E-01 5.6E-02 4.2E-02 8.4E-03 4.7E+01 3.5E+01
3.10 7.7E-02 5.8E-02 1.2E-02 3.9E-03 2.9E-03 5.8E-04 8.9E+00 3.9E+00
3.11 2.8E+00 2.1E+00 4.3E-01 1.4E-01 1.0E-01 2.1E-02 1.2E+02 8.6E+01
3.12 1.9E-01 1.4E-01 2.9E-02 9.5E-03 7.2E-03 1.4E-03 2.2E+01 9.7E+00
4.1 9.8E+00 7.4E+00 1.5E+00 4.7E-01 3.6E-01 7.2E-02 4.0E+02 3.0E+02
4.2 8.3E-01 6.2E-01 1.2E-01 4.1E-02 3.1E-02 6.2E-03 7.4E+01 3.3E+01
43 9.8E-01 7.4E-01 1.5E-01 4.7E-02 3.6E-02 7.2E-03 4.0E+01 3.0E+01
4.4 8.3E-02 6.2E-02 1.2E-02 4.1E-03 3.1E-03 6.2E-04 7.4E+00 3.3E+00
45 1.1E+00 8.3E-01 1.7E-01 5.3E-02 4.0E-02 8.0E-03 4.5E+01 3.4E+01
4.6 9.2E-02 7.0E-02 1.4E-02 4.6E-03 3.5E-03 6.9E-04 8.3E+00 3.6E+00
51 6.6E+02 5.0E+02 1.0E+02 3.3E+01 2.5E+01 5.0E+00 8.0E+04 3.5E+04
52 6.6E+01 5.0E+01 1.0E+01 3.3E+00 2.5E+00 5.0E-01 8.0E+03 3.5E+03
53 7.4E+01 5.6E+01 1.1E+01 3.7E+00 2.8E+00 5.6E-01 8.9E+03 4.0E+03
54 7.7E+01 5.8E+01 1.2E+01 2.6E+01 2.0E+01 4.0E+00 6.8E+04 2.9E+04
55 7.7E+00 5.8E+00 1.2E+00 2.6E+00 2.0E+00 4.0E-01 6.8E+03 2.9E+03
56 8.6E+00 6.5E+00 1.3E+00 3.0E+00 2.2E+00 4.5E-01 7.6E+03 3.3E+03
57 9.0E+02 6.8E+02 1.4E+02 4.5E+01 3.4E+01 6.8E+00 1.1E+05 4.8E+04
58 9.0E+01 6.8E+01 1.4E+01 4.5E+00 3.4E+00 6.8E-01 1.1E+04 4.8E+03
5.9 1.0E+02 7.6E+01 1.5E+01 5.0E+00 3.8E+00 7.6E-01 1.2E+04 5.4E+03
5.10 1.0E+02 7.9E+01 1.6E+01 3.6E+01 2.7E+01 5.4E+00 9.3E+04 4.0E+04
511 1.0E+01 7.9E+00 1.6E+00 3.6E+00 2.7E+00 5.4E-01 9.3E+03 4.0E+03
512 1.2E+01 8.9E+00 1.8E+00 4.1E+00 3.1E+00 6.1E-01 1.0E+04 4.5E+03
6.1 3.0E+00 2.3E+00 4.6E-01 1.5E-01 1.1E-01 2.3E-02 3.7E+02 1.6E+02
6.2 3.0E-01 2.3E-01 4.6E-02 1.5E-02 1.1E-02 2.3E-03 3.7E+01 1.6E+01
6.3 3.4E-01 2.6E-01 5.1E-02 1.7E-02 1.3E-02 2.6E-03 4.1E+01 1.8E+01
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Water Water Water Water Water Water Sediment Sediment

Column 1 Column Column Column Column 21 Column ng/kg ng/kg
SECIEE | ey Dissolved 1 Suspended gflgay dD:;zsolved gls(:)?l’lded zge(:‘ize zge(:‘ize
Label average Day pg/L 1 Day pg/L . .

average pg/L pg/L (128) an

6.4 1.7E-01 1.3E-01 2.6E-02 1.5E-01 1.1E-01 2.2E-02 3.6E+02 1.6E+02
6.7 1.4E+01 1.0E+01 2.0E+00 6.7E-01 5.1E-01 1.0E-01 1.6E+03 7.2E+02
6.8 1.4E+00 1.0E+00 2.0E-01 6.7E-02 5.1E-02 1.0E-02 1.6E+02 7.2E+01
6.9 1.5E+00 1.1E+00 2.3E-01 7.6E-02 5.7E-02 1.1E-02 1.8E+02 8.1E+01
6.10 7.5E-01 5.7E-01 1.1E-01 6.5E-01 4.9E-01 9.8E-02 1.6E+03 7.0E+02
6.11 7.5E-02 5.7E-02 1.1E-02 6.5E-02 4.9E-02 9.8E-03 1.6E+02 7.0E+01
6.12 8.4E-02 6.4E-02 1.3E-02 7.3E-02 5.5E-02 1.1E-02 1.8E+02 7.8E+01
8.1 6.1E-03 4.6E-03 9.3E-04 3.1E-04 2.3E-04 4.7E-05 2.6E-01 1.9E-01
83 7.2E-01 5.4E-01 1.1E-01 3.7E-02 2.8E-02 5.6E-03 3.6E+01 2.3E+01
10.1 1.4E+01 1.1E+01 2.1E+00 6.8E-01 5.2E-01 1.0E-01 5.8E+02 4.3E+02
102 1.4E+00 1.1E+00 2.1E-01 6.8E-02 5.2E-02 1.0E-02 5.8E+01 4.3E+01
10.3 1.6E+00 1.2E+00 2.4E-01 7.6E-02 5.8E-02 1.2E-02 6.4E+01 4.8E+01
104 1.0E-01 7.8E-02 1.6E-02 3.5E-02 2.7E-02 5.4E-03 9.1E+01 3.9E+01
107 1.7E+01 1.3E+01 2.5E+00 8.1E-01 6.2E-01 1.2E-01 6.8E+02 5.2E+02
10.8 1.7E+00 1.3E+00 2.5E-01 8.1E-02 6.2E-02 1.2E-02 6.8E+01 5.2E+01
10.9 1.9E+00 1.4E+00 2.8E-01 9.1E-02 6.9E-02 1.4E-02 7.7E+01 5.8E+01
10.10 1.2E-01 9.2E-02 1.8E-02 4.2E-02 3.2E-02 6.4E-03 1.1E+02 4.7E+01
12.1 5.3E-02 4.0E-02 8.0E-03 2.6E-03 1.9E-03 3.9E-04 2.6E+00 1.6E+00
12.2 5.9E-02 4.5E-02 8.9E-03 2.9E-03 2.2E-03 4.4E-04 2.9E+00 1.8E+00
12.5 1.1E-01 8.0E-02 1.6E-02 5.1E-03 3.9E-03 7.8E-04 5.1E+00 3.3E+00
12.6 1.2E-01 8.9E-02 1.8E-02 5.8E-03 4.4E-03 8.7E-04 5.7E+00 3.6E+00

2 sediment benthic half-life (days)
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Table 2-95. Highly Exposed Group: Range of HBCD Fish Ingestion Dose by Scenario and Age
Group, Acute Dose Rate (mg/kg/day)

Young Small .
SCENARIO NAME (Iflfa“rt) Toddler (ZT_‘L‘;dlerz )| chila (6_3‘;”“) (11_2‘;2“ wla gt )
YO | a-<2 yrs) y (3-<6 yrs) y y y
1. Processing: Repackaging of Import NA 3.9E-03- | 3.2E-03 - 3.0E-03 - 2.3E-03 - 1.4E-03 - 2.7E-03 -
Containers 2.7E-02 2.2E-02 2.0E-02 1.6E-02 9.5E-03 1.8E-02
2. Processing: Compounding of NA 2.3E-04 - | 1.9E-04 - 1.7E-04 - 1.3E-04 - 8.0E-05 - 1.5E-04 -
Polystyrene Resin to Produce XPS 5.1E-03 4.2E-03 3.9E-03 3.0E-03 1.8E-03 3.4E-03
Masterbatch
3. Processing: Manufacturing of XPS NA 5.0E-05- | 4.1E-05- | 3.8E-05- 2.9E-05 - 1.8E-05 - 3.4E-05 -
Foam using XPS Masterbatch 1.8E-02 1.5E-02 1.3E-02 1.0E-02 6.3E-03 1.2E-02
4. Processing: Manufacturing of XPS NA 5.9E-05- | 49E-05- | 4.5E-05- 3.5E-05 - 2.1E-05 - 4.0E-05 -
Foam Using HBCD Powder 6.9E-03 5.7E-03 5.2E-03 4.0E-03 2.4E-03 4.6E-03
5. Processing: Manufacturing of EPS NA 3.8E-02- | 3.2BE-02- | 2.9E-02- 2.2E-02 - 1.4E-02 - 2.6E-02 -
Foam from Imported EPS Resin Beads 6.5E-01 5.4E-01 4.9E-01 3.8E-01 2.3E-01 4.4E-01
6. Processing: Manufacturing of SIPs NA 2.2E-04 - | 1.8E-04 - 1.7E-04 - 1.3E-04 - 7.8E-05 - 1.5E-04 -
and Automobile Replacement Parts 9.8E-03 8.1E-03 7.4E-03 5.7E-03 3.5E-03 6.6E-03
from XPS/EPS Foam
7. Use: Installation of Automobile No water releases
Replacement Parts
8. Use: Installation of EPS/XPS Foam NA 4.5E-06 - | 3.7E-06- | 3.4E-06 - 2.6E-06 - 1.6E-06 - 3.0E-06 -
Insulation in Residential, Public and 5.3E-04 4.4E-04 4.0E-04 3.1E-04 1.9E-04 3.6E-04
Commercial Buildings, and other
Structures
9. Demolition and Disposal of Insulation | No site specific water releases
in Buildings
10. Processing: Recycling of EPS Foam |NA 5.1E-04 - | 4.2BE-04 - 3.9E-04 - 3.0E-04 - 1.8E-04 - 3.5E-04 -
1.2E-02 9.7E-03 8.9E-03 6.9E-03 4.2E-03 8.0E-03
11. Processing: Formulation of Coatings | No water releases
and solder
12. Use of Solder NA 3.7E-05- | 3.1E-05- | 2.8E-05- 2.2E-05 - 1.3E-05 - 2.5E-05 -
8.3E-05 6.9E-05 6.3E-05 4.9E-05 3.0E-05 5.6E-05

Table 2-96. Highly Exposed Group: Range of HBCD Fish Ingestion by Scenario and Age Group,
Average Daily Dose (mg/kg/day)

infant | Young | oo | Small | Child | Teen Adult
SCENARIO NAME Toddler Child | (6-<11 | (11-<16 (16-<70 yrs)
(<1yr) (2-<3 yrs)
(1-<2 yrs) (3-<6 yrs) yrs) yrs) HE CT

1. Processing: Repackaging of NA 1.7E-05- | 1.4E-05- | 1.2E-05- | 1.1E-05-| 6.3E-06- | 1.1E-05- | 4.4E-06 -
Import Containers 4.8E-04 3.9E-04 3.4E-04 | 3.1E-04 | 1.8E-04 3.2E-04 1.2E-04
2. Processing: Compounding of NA 1.0E-06 - | 8.3E-07 - | 7.2E-07 - | 6.6E-07 - | 3.7E-07 - | 6.6E-07 - | 2.6E-07 -
Polystyrene Resin to Produce XPS 2.2E-05 1.9E-05 1.6E-05 | 1.5E-05 | 8.2E-06 1.5E-05 5.8E-06
Masterbatch
3. Processing: Manufacturing of NA 2.2E-07- | 1.8E-07 - | 1.5E-07 - | 1.4E-07 - | 8.0E-08 - | 1.4E-07 - | 5.6E-08 -
XPS Foam using XPS Masterbatch 7.9E-05 6.5E-05 5.7E-05 | 5.2E-05 | 2.9E-05 5.2E-05 2.1E-05
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infant | Young | oo | Small | Child | Teen Adult
SCENARIO NAME Toddler Child | (6-<11 | (11-<16 (16-<70 yrs)
(<1yr) (2-<3 yrs)
(1-<2 yrs) (3-<6 yrs) yrs) yrs) HE CT
4. Processing: Manufacturing of NA 2.6E-07 - | 2.1E-07 - | 1.9E-07 - | 1.7E-07 - | 9.5E-08 - | 1.7E-07 - | 6.7E-08 -
XPS Foam Using HBCD Powder 3.1E-05 2.6E-05 2.2E-05 | 2.0E-05 | 1.1E-05 2.0E-05 8.0E-06
5. Processing: Manufacturing of NA 1.7E-04 - | 1.4E-04- | 1.2E-04 - | 1.1E-04 - | 6.1E-05- | 1.1E-04- | 4.3E-05 -
EPS Foam from Imported EPS 2.8E-03 2.3E-03 2.0E-03 | 1.9E-03 | 1.0E-03 1.9E-03 7.4E-04
Resin Beads
6. Processing: Manufacturing of NA 9.5B-07- | 7.9E-07 - | 6.8E-07 - | 6.3E-07 - | 3.5E-07 - | 6.3E-07- | 2.5E-07 -
SIPs and Automobile Replacement 43E-05 | 3.5B-05 | 3.0E-05 | 2.8E-05 | 1.6E-05 | 2.8E-05 | 1.1E-05
Parts from XPS/EPS Foam
7. Use: Installation of Automobile No water releases
Replacement Parts
8. Use: Installation of EPS/XPS NA 5.9E-08 - | 4.9E-08 - | 4.2E-08 - |[3.9E-08 - | 2.2E-08 - | 3.9E-08 - | 1.5E-08 -
Foam Insulation in Residential, 6.9E-06 5.7E-06 5.0E-06 | 4.6E-06 | 2.5E-06 4.6E-06 1.8E-06
Public and Commercial Buildings,
and other Structures
9. Demolition and Disposal of No site specific water releases
Insulation in Buildings
10. Processing: Recycling of EPS NA 2.2E-06- | 1.8E-06- | 1.6E-06 - | 1.5E-06 - | 8.2E-07 - | 1.5E-06- | 5.8E-07 -
Foam 5.3E-05 4.4E-05 3.8E-05 | 3.5E-05 | 1.9E-05 3.5E-05 1.4E-05
11. Processing: Formulation of No water releases
Coatings and solder
12. Use of Solder NA 1.7E-07 - | 1.4E-07 - | 1.2E-07- | 1.1E-07 - | 6.1E-08 - | 1.1E-07 - | 4.3E-08 -
1.5E-06 1.3E-06 1.1E-06 | 1.0E-06 | 5.6E-07 1.0E-06 4.0E-07

For estimating exposures to suspended particulate associated with point sources to highly exposed
populations, EPA used the IIOAC model as described in Section 2.3.2. These exposures result from air
or incineration emissions associated with the scenario specific conditions of use. The results of all
estimated inhalation ADRs and ADDs are presented in Table 2-97 and Table 2-98. A summary of the
resulting inhalation doses are shown in Table 2-97 and Table 2-98 arrayed by scenario and age group.

Table 2-97. Highly Exposed Group: Range of HBCD Inhalation Dose by Scenario and Age Group,

Acute Dose Rate (mg/kg/day)

Young Small .
SCENARIO NAME (Iflfa“rt) Toddler (ZT_‘L‘;dlerz )| chila (6_3‘;”“) (11_2‘;2“ wla 6i‘;‘(‘)“ )
y (1-<2 yrs) y (3-<6 yrs) y y y
1. Processing: Repackaging of 3.9E-07- | 3.8E-07- | 3.3E-07- | 2.5E-07- 1.7E-07 - 1.3E-07 - 9.5E-08 -
Import Containers 70E-03 | 6.7E-03 | S5.9E-03 | 4.4E-03 3.1E-03 2.3E-03 1.7E-03
f,‘of ";cess"'gi; Co ";p‘;‘“‘y“g 0>f<1>s 58E-07- | 5.6E-07- | 5.0E-07- | 3.7JE-07- | 2.6E-07- | 1.9E-07- | 1.4E-07-
ystyrene Resin to Froduce 3.1E-05 | 3.0E-05 | 2.7E-05 | 2.0E-05 1.4E-05 1.0E-05 7.7E-06
Masterbatch
3. Processing: Manufacturing of 2.2E-05- | 2.1E-05- | 1.9E-05- 1.4E-05 - 9.7E-06 - 7.3E-06 - 5.4E-06 -
XPS Foam using XPS Masterbatch 3.3E-03 | 32E-03 | 2.8E-03 | 2.1E-03 1.4E-03 1.1E-03 8.1E-04
4. Processing: Manufacturing of 2.8E-06 - | 2.7E-06 - | 2.4E-06 - 1.8E-06 - 1.2E-06 - 9.1E-07 - 6.8E-07 -
XPS Foam Using HBCD Powder 34E-03 | 3.3E-03 | 2.9E-03 | 2.2E-03 1.5E-03 1.1E-03 8.4E-04
15?'0 z;‘l’cfizs;‘%m“’{i‘ggaég‘sr 'ﬁgs‘i’fl EPS| 5 SE-05- | 2.4E-05- | 2.1E-05- | 1.6E-05- | 1.IE-05- | 82E-06- | 6.1E-06-
Boats P 1.3E-02 | 13E-02 | 1.1E-02 | 8.5E-03 5.9E-03 4.4E-03 3.3E-03
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Young Small .
Infant Toddler Child Teen Adult
SCENARIO NAME Toddler Child

(<1yr) (1-<2 yrs) (2-<3 yrs) (3-<6 yrs) (6-<11 yrs) | (11-<16 yrs) | (16-<70 yrs)
gﬁ,’:‘;ﬁfgs:‘li;ﬁl’[jl‘)‘i‘l‘iaﬁte‘;:ﬁ;fen ¢ | 7AE07- | 68E-07- | 6.0E-07- | 45E-07- | 3.0E-07- | 23E-07- | 1.7E-07-
Parts from XPS/EPS Foam 6.0E-04 5.8E-04 5.1E-04 3.8E-04 2.7E-04 2.0E-04 1.5E-04
7. Use: Installation of Automobile No releases
Replacement Parts
8. Use: Installation of EPS/XPS
Foam Insulation in Residential, 1.1E-07 - | 1.0E-07- | 9.1E-08- | 6.8E-08 - 4.7E-08 - 3.5E-08 - 2.6E-08 -
Public and Commercial Buildings, 1.1E-05 1.0E-05 9.1E-06 6.7E-06 4.7E-06 3.5E-06 2.6E-06
and other Structures
9. Demolition and Disposal of No site specific water releases
Insulation in Buildings
10. Processing: Recycling of EPS 1.7E-08 - | 1.7E-08 - | 1.5E-08 - 1.1E-08 - 7.7E-09 - 5.7E-09 - 4.3E-09 -
Foam 2.0E-04 1.9E-04 1.7E-04 1.3E-04 8.8E-05 6.6E-05 4.9E-05
11. Processing: Formulation of 3.5E-07- | 3.4E-07- | 3.0E-07- | 2.2E-07 - 1.5E-07 - 1.1E-07 - 8.5E-08 -
Coatings and solder 1.9E-04 1.9E-04 1.7E-04 1.2E-04 8.5E-05 6.4E-05 4.8E-05
12. Use of Solder 6.9E-09 - | 6.6E-09- | 5.9E-09- | 4.4E-09 - 3.0E-09 - 2.3E-09 - 1.7E-09 -

1.5E-06 1.4E-06 1.2E-06 9.2E-07 6.4E-07 4.8E-07 3.6E-07

Table 2-98. Highly Exposed Group: Background and Air Modeling by Age Group, Average Daily

Dose (mg/kg/day)
Tnfant Young | o er | Small Child Teen Adult
SCENARIO NAME Toddler Child | (6-<11 | (11-<16 (16-<70 yrs)
(<1yr) (2-<3 yrs)
(1-<2 yrs) (3-<6 yrs) yrs) yrs) HE CT
1. Processing: Repackaging of 1.8E-07 - 1.8E-07- | 1.7E-07 - | 1.4E-07 - | 9.7E-08 - | 6.9E-08 - | 3.0E-08 - 1.2E-08 -
Import Containers 3.1E-06 3.2E-06 2.9E-06 2.4E-06 1.7E-06 1.2E-06 5.2E-07 2.1E-07
2. Processing: Compounding of
Polvstyrene Resin to Produce 29E-09 - | 2.9E-09 - | 2.7E-09 - | 2.3E-09 - | 1.5E-09 - | 1.1E-09 - | 4.8E-10 - 1.9E-10 -
ysty 4.5E-09 4.6E-09 4.2E-09 3.5E-09 | 2.4E-09 | 1.7E-09 7.5E-10 3.0E-10
XPS Masterbatch
;PI’SF‘;?;;‘I“ES’Ka)’(“rfga““”“g of | »7E-08- | 28E-08- | 2.5E-08- | 2.1E-08 - | 1.5E-08 - | 1.0E-08- | 4.6E-09- | 1.8E-09 -
8 3.5E-08 3.6E-08 3.3E-08 2.8E-08 1.9E-08 1.4E-08 6.0E-09 2.4E-09
Masterbatch
4. Processing: Manufacturing of 34E-09- | 3.5E-09- | 3.2E-09- | 2.7E-09 - | 1.8E-09 - | 1.3E-09 - | 5.7E-10- | 2.3E-10 -
XPS Foam Using HBCD Powder 2.4E-07 2.5E-07 2.3E-07 1.9E-07 1.3E-07 9.4E-08 4.1E-08 1.6E-08
Z‘Ppsr;coe:rs:'f’f; r?;“f;‘:::;'gﬁé’f 4.7E-07- | 4.8E-07- | 4.4E-07- | 3.7E-07 - | 2.5E-07 - | 1.8E-07- | 7.9E-08 - | 3.1E-08 -
. P 7.2E-06 7.4E-06 6.7E-06 5.6E-06 | 3.9E-06 | 2.8E-06 1.2E-06 4.8E-07
Resin Beads
6. Processing: Manufacturing of
SIPs and Automobile 24E-08 - | 2.4E-08- | 2.2E-08- | 1.9E-08 - | 1.3E-08 - | 9.2E-09 - | 4.0E-09 - 1.6E-09 -
Replacement Parts from 4.5E-06 | 4.6E-06 | 43E-06 | 3.6B-06 | 2.4E-06 | 1.8E-06 | 7.6E-07 | 3.0E-07
XPS/EPS Foam
7. Use: Installation of Automobile
R No releases
eplacement Parts
8. Use: Installation of EPS/XPS
Foam Insulation in Residential, 1.1E-12- | 1.2E-12- | 1.1E-12- | 9.0E-13 - | 6.2E-13 -| 4.5E-13 - | 1.9E-13- | 7.6E-14 -
Public and Commercial 1.3E-08 1.4E-08 1.2E-08 1.0E-08 | 7.1E-09 | 5.1E-09 2.2E-09 8.7E-10
Buildings, and other Structures
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Infant Young | o .. | Small | Child | Teen Adult
SCENARIO NAME Toddler Child | (6-<11 | (11-<16 (16-<70 yrs)
(<1yr) (2-<3 yrs)
(1-<2 yrs) (3-<6 yrs) yrs) yrs) HE CT
9. Demolition and Disposal of No site specific releases
Insulation in Buildings P
10. Processing: Recycling of EPS 3.3E-10- | 3.4E-10- | 3.1E-10- | 2.6E-10- | 1.8E-10-| 1.3E-10- | 5.5E-11- | 2.2E-11 -
Foam 3.1E-09 3.2E-09 2.9E-09 2.5E-09 | 1.7E-09 | 1.2E-09 5.3E-10 2.1E-10
11. Processing: Formulation of 4.6E-09- | 4.8E-09 - | 4.4E-09 - | 3.6E-09- [2.5E-09 - | 1.8E-09- | 7.8E-10- | 3.1E-10-
Coatings and solder 5.3E-08 5.5E-08 5.0E-08 4.2E-08 | 2.9E-08 | 2.1E-08 9.0E-09 3.5E-09
12. Use of Solder 3.2E-09 - | 3.2E-09- | 3.0E-09 - | 2.5E-09- | .7E-09 - | 1.2E-09- | 5.3E-10- | 2.1E-10-
3.5E-09 3.6E-09 3.3E-09 2.8E-09 | 1.9E-09 | 1.4E-09 6.0E-10 2.4E-10

The approach for estimating general population exposures was discussed throughout Section 2.4.2 for
the dust, soil, air, diet and dermal pathways and the resulting average daily doses, arrayed by pathway
and age group are summarized in Table 2-99 (central tendency) and Table 2-101 (high end). The relative
contribution of each pathway to the aggregated exposure is shown in Table 2-100 (central tendency) and
Table 2-102 (high end). Based on these calculations, it can be seen that the predominant sources of
exposure are from dust ingestion and diet, with the contribution of dust to the overall exposure being
much more dominant in younger age groups. This is likely due to the exposure factors and behavior
patterns of infants, young toddlers and children as they spend more time closer to sources of settled dust
and are more likely to exhibit hand to mouth behaviors.

Table 2-99. General Population Central Tendency HBCD Exposure by Pathway and Age Group -

Average Daily Dose (mg/kg/day)

Age Group DUST SOIL AIR DIET DERMAL ALL

Infant (<1 year) 2.4E-05 1.6E-07 5.4E-08 7.4E-06 6.7E-07 3.2E-05
Young Toddler (1-<2 years) | 2-8E-05 1.8E-07 5.5E-08 9.0E-06 5.7E-07 3.8E-05
Toddler (2-<3 years) 1.4E-05 1.1E-07 5.0E-08 7.1E-06 4.9E-07 2.2E-05
Small Child (3-<6 years) 1.OE-05 | 8.1E-08 4.2E-08 5.1E-06 4.0E-07 1.6E-05
Child (6-<11 years) 6.0E-06 | 4.7E-08 2.9E-08 3.3E-06 3.2E-07 9.7E-06
Teen (11-<16 years) 22E-06 | 8.8E-09 2.1E-08 1.8E-06 2.9E-07 4.4E-06
Adult (16-<70 years) 1.6E-06 | 6.3E-09 1.5E-08 1.2E-06 3.1E-07 3.2E-06

Table 2-100. General Population Central Tendency Source Contribution by Pathway and Age
Group (% Contribution to Total HBCD Exposure)

Age Group DUST SOIL AIR DIET DERMAL
Infant (<1 year) 74.5% 0.5% 0.2% 22.8% 2.1%
Toddler (2-<3 years) 63.9% 0.5% 0.2% 33.1% 2.3%
Small Child (3-<6 years) 64.6% 0.5% 0.3% 32.1% 2.5%
Child (6-<11 years) 61.8% 0.5% 0.3% 34.1% 3.3%
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Teen (11-<16 years)

51.1%

0.2%

0.5%

41.6%

6.6%

Adult (16-<70 years)

50.5%

0.2%

0.5%

39.1%

9.7%

Table 2-101. General Population High End HBCD Exposure by Pathway and Age Group, Average

Daily Dose (mg/kg/day)

Age Group DUST SOIL AIR DIET |DERMAL| ALL

Infant (<1 year) 2.0E-04 8.9E-07 1.7E-06 2.1E-04 1.4E-05 4.3E-04
Young Toddler (1 - <2 years)| 1.7E-04 7.9E-07 1.6E-06 1.5E-04 1.2E-05 3.4E-04
Toddler (2-<3 years) 1.4E-04 6.5E-07 1.4E-06 1.3E-04 1.0E-05 2.8E-04
Small Child (3-<6 years) 1.1E-04 4.8E-07 1.1E-06 9.2E-05 8.4E-06 2.1E-04
Child (6-<11 years) 6.1E-05 2.8E-07 7.5E-07 6.1E-05 6.7E-06 1.3E-04
Teen (11-<16 years) 2.1E-05 8.8E-08 5.5E-07 3.7E-05 6.1E-06 6.4E-05
Adult (16-<70 years) 1.5E-05 6.3E-08 3.9E-07 2.6E-05 6.5E-06 4.8E-05

Table 2-102. General Population High End Source Contribution by Pathway and Age Group (%
Contribution to Total HBCD Exposure)

Age Group DUST SOIL AIR DIET DERMAL
Infant (<1 year) 46.7% 0.2% 0.4% 49.3% 3.3%
Young Toddler (1-<2 years) 50.5% 0.2% 0.5% 452% 3.6%
Toddler (2-<3 years) 50.6% 0.2% 0.5% 44.9% 3.7%
Small Child (3-<6 years) 50.7% 0.2% 0.5% 44.4% 4.1%
Child (6-<]1 years) 47.2% 0.2% 0.6% 46.9% 5.1%
Teen (1 1-<16 years) 32.2% 0.1% 0.9% 57.2% 9.5%
Adult (16-<7O years) 31.2% 0.1% 0.8% 54.1% 13.7%

Table 2-103. Range of HBCD Aggregate Exposure Acute Dose Rate (mg/kg/day) - Background
and Modeled Fish Dose by Scenario and Age

Young Small -
SCENARIO NAME (Iflfa“rt) Toddler (rzr_‘;‘;dliz) Child | 6_3‘;“‘“) (11_2‘;‘;“ | 6f‘<‘;‘(‘)“ )
y (1-<2 yrs) y (3-<6 yrs) y y y
1. Processing: Repackaging of NA 43E-03- | 3.5E-03- | 3.2E-03 - 2.4E-03 - 1.5E-03 - 2.7E-03 -
Import Containers 2.7E-02 | 22E-02 | 2.1E-02 1.6E-02 9.6E-03 1.8E-02
f,‘of“:cessmgl; Co “;p‘;'"‘y“g 0>f<1>s NA 57E-04- | 47E-04- | 3.8E-04- | 26E-04- | 14E-04- | 2.0E-04-
ystyrene Resin to Froduce 54E-03 | 4.5B-03 | 4.1E-03 3.1E-03 1.9E-03 3.5E-03
Masterbatch
3. Processing: Manufacturing of NA 3.9E-04- | 3.2E-04- | 2.5E-04- 1.6E-04 - 8.2E-05 - 8.1E-05 -
XPS Foam using XPS Masterbatch 1.8-02 | 1.5E-02 | 1.4E-02 1.1E-02 6.3E-03 1.2E-02
4. Processing: Manufacturing of NA 4.0E-04 - | 3.3E-04- | 2.5E-04 - 1.6E-04 - 8.5E-05 - 8.7E-05 -
XPS Foam Using HBCD Powder 7.2E-03 6.0E-03 5.4E-03 4.2E-03 2.5E-03 4.7E-03
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Young Small .
SCENARIO NAME (Iflfa“rt) Toddler (ZT_‘L‘;dlerz )| chia | 6_3‘;“1“) (11_2‘;2“ wla 6i‘;‘(‘)“ )
y (1-<2 yrs) y (3-<6 yrs) y y y
15?'0 z;‘l’cfizs;‘%mw{i‘:zgaég‘sr 'ﬁgs‘i’fl EPS NA 3.9E-02- | 32E-02- | 29E-02- | 23E-02- | 14E-02- | 2.6E-02-
Beads P 6.5E-01 5.4E-01 4.9E-01 3.8E-01 2.3E-01 4.4E-01
g'lll:sr‘;cness;“ﬁ;?ﬂ“j:)‘;;fﬁi‘;ﬁ:ﬁ;in . NA 5.6E-04- | 4.6E-04- | 3.8E-04- | 26E-04- | 14E-04- | 1.9E-04-
Parts from XPS/EPS Foam 1.0E-02 8.3E-03 7.6E-03 5.9E-03 3.5E-03 6.6E-03
7. Use: Installation of Automobile
No water releases
Replacement Parts
8. Use: Installation of EPS/XPS
Foam Insulation in Residential, NA 34E-04- | 2.8E-04- | 2.1E-04 - 1.3E-04 - 6.6E-05 - 5.0E-05 -
Public and Commercial Buildings, 8.7E-04 7.2E-04 6.1E-04 4.4E-04 2.5E-04 4.1E-04
and other Structures
9. Demolition and Disposal of . .
s . o as No site specific water releases
Insulation in Buildings
10. Processing: Recycling of EPS NA 8.5E-04- | 7.0E-04- | 6.0E-04 - 4.3E-04 - 2.5E-04 - 3.9E-04 -
Foam 1.2E-02 1.0E-02 9.1E-03 7.1E-03 4.2E-03 8.0E-03
11. Processing: Formulation of
. No water releases

Coatings and solder
12. Use of Solder NA 3.8E-04 - | 3.1E-04- | 2.4E-04- 1.5E-04 - 7.7E-05 - 7.2E-05 -

4.2E-04 3.5E-04 2.7E-04 1.8E-04 9.4E-05 1.0E-04

Table 2-104. Range of HBCD Aggregate Exposure Average Daily Dose (mg/kg/day): Background
and Modeled Fish Dose by Scenario and Age

and other Structures

Young Small -
SCENARIO NAME (Iflfanrt) Toddler (zT-Z%dliZ) Child (6.3l ;ldrs) a e rs) (1623“ rs)
y (1-<2 yrs) YIS 1 (3-<6 yrs) y y y

1. Processing: Repackaging of NA 3.6E-04- | 2.9E-04- | 2.2E-04 - 1.4E-04 - 7.0E-05 - 5.8E-05 -
Import Containers 8.2E-04 6.7E-04 5.5E-04 4.4E-04 2.4E-04 3.6E-04
2. Processing: Compounding of

. 34E-04- | 2.8E-04- | 2.1E-04 - 1.3E-04 - 6.4E-05 - 4.8E-05 -
Polystyrene Resin to Produce XPS A 3.6E-04 | 3.0E-04 | 23E-04 | 14E04 | 72E05 | 6.2E05
Masterbatch
3. Processing: Manufacturing of NA 34E-04- | 2.8E-04- | 2.1E-04 - 1.3E-04 - 6.4E-05 - 4.7E-05 -
XPS Foam using XPS Masterbatch 4.2E-04 3.5E-04 2.7E-04 1.8E-04 9.3E-05 9.9E-05
4. Processing: Manufacturing of NA 34E-04- | 2.8E-04- | 2.1E-04 - 1.3E-04 - 6.4E-05 - 4.7E-05 -
XPS Foam Using HBCD Powder 3.7E-04 3.1E-04 2.3E-04 1.5E-04 7.5E-05 6.7E-05
2'0 l; Irl‘l’cfif)sr‘r:‘meoar’t'ggaég‘sr 'l‘{%s‘i’rfl EFS NA 5.1E-04- | 42E-04- | 33E-04- | 24E-04- | 13E-04- | 1.6E-04-
Beads P 3.2E-03 2.6E-03 2.2E-03 2.0E-03 1.1E-03 1.9E-03
6. Processing: Manufacturing of

34E-04- | 2.8E-04- | 2.1E-04 - 1.3E-04 - 6.4E-05 - 4.8E-05 -
SIPs and Automobile Replacement NA
Parts from XPS/EPS Foam 3.8E-04 3.2E-04 2.4E-04 1.6E-04 8.0E-05 7.5E-05
7. Use: Installation of Automobile
No water releases

Replacement Parts
8. Use: Installation of EPS/XPS
Foam Insulation in Residential, NA 3.4E-04 - | 2.8E-04 - 2.1E-04 - 1.3E-04 - 6.4E-05 - 4.7E-05 -
Public and Commercial Buildings, 3.5E-04 2.9E-04 2.1E-04 1.3E-04 6.7E-05 5.2E-05
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Young Small .
Infant Toddler Child Teen Adult
SCENARIO NAME Toddler Child
(<1yr) (1-<2 yrs) (2-<3 yrs) (3-<6 yrs) (6-<11 yrs) | (11-<16 yrs) | (16-<70 yrs)
9- Demolition and Disposal of No site specific water releases
Insulation in Buildings P W
10. Processing: Recycling of EPS NA 34E-04- | 2.8E-04- | 2.1E-04 - 1.3E-04 - 6.5E-05 - 4.8E-05 -
Foam 3.9E-04 3.2E-04 2.5E-04 1.6E-04 8.3E-05 8.2E-05
11. Processing: Formulation of
. No water releases
Coatings and solder
12. Use of Solder NA 34E-04- | 2.8E-04- | 2.1E-04 - 1.3E-04 - 6.4E-05 - 4.7E-05 -
3.4E-04 2.8E-04 2.1E-04 1.3E-04 6.5E-05 4.8E-05

Table 2-105. Range of HBCD Aggregate Exposure Acute Dose Rate (mg/kg/day): Background and
Modeled Inhalation Dose by Scenario and Age

Young

Small

SCENARIO NAME (Iflfa“rt) Toddler (ZT_‘L‘;dlerz )| chila (6_3‘;”“) (11_2‘;2“ | 6i‘;‘(‘)“ )
y (1-<2 yrs) y (3-<6 yrs) y y y
1. Processing: Repackaging of 3.2E-05- | 3.7E-05- | 2.1E-05- 1.6E-05 - 9.8E-06 - 4.4E-06 - 3.3E-06 -
Import Containers 7.0E-03 6.8E-03 6.0E-03 4.4E-03 3.1E-03 2.3E-03 1.7E-03
f,‘of ";cess"'gi; Cf’“;p‘;‘“‘y“g ")f“,s 58E-07- | 3.8E-05- | 2.1E-05- | 1.6E-05- | 9.9E-06- | 4.5E-06- | 3.3E-06-
ystyrene Resin to Froduce 3.1E-05 | 6.7E-05 | 4.8E-05 | 3.6E-05 2.3E-05 1.5E-05 1.1E-05
Masterbatch
3. Processing: Manufacturing of 2.2E-05- | 5.8B-05- | 4.0E-05 - 3.0E-05 - 1.9E-05 - 1.2E-05 - 8.6E-06 -
XPS Foam using XPS Masterbatch 3.3E-03 3.2E-03 2.8E-03 2.1E-03 1.5E-03 1.1E-03 8.1E-04
4. Processing: Manufacturing of 2.8E-06 - | 4.0E-05- | 2.3E-05 - 1.8E-05 - 1.1E-05 - 5.2E-06 - 3.9E-06 -
XPS Foam Using HBCD Powder 3.4E-03 3.4E-03 3.0E-03 2.2E-03 1.5E-03 1.1E-03 8.5E-04
15?'0 z;‘l’cfizslﬁ‘}b’m“’{i‘ggaég‘sr 'lggs‘i’lfl EPS| ) SE05- | 6.1B-05- | 42E-05- | 32E-05- | 2.1E-05- | 13E-05- | 9.3E-06-
Beads P 1.3E-02 1.3E-02 1.1E-02 8.5E-03 5.9E-03 4 4E-03 3.3E-03
g'lll:sr‘;cness;“lﬁ;?n’[:l')‘i‘l‘ga}g‘;:ﬁ;in ¢ | 7TAE-07- | 38E-05- | 22E05- | 16E-05- | 9.9E-06- | 4.SE-06- | 3.4E-06-
Parts from XPS/EPS Foam 6.0E-04 6.2E-04 5.4E-04 4.0E-04 2.8E-04 2.0E-04 1.5E-04
7. Use: Installation of Automobile
No water releases
Replacement Parts
8. Use: Installation of EPS/XPS
Foam Insulation in Residential, 1.1E-07 - 3.7E-05- | 2.1E-05 - 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
Public and Commercial Buildings, 1.1E-05 4.7E-05 3.0E-05 2.3E-05 1.4E-05 7.8E-06 5.8E-06
and other Structures
9. Demolition and Disposal of : .
C . o as No site specific water releases
Insulation in Buildings
10. Processing: Recycling of EPS 1.7E-08 - 3.7E-05- | 2.1E-05 - 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
Foam 2.0E-04 2.3E-04 1.9E-04 1.4E-04 9.7E-05 7.0E-05 5.2E-05
11. Processing: Formulation of 3.5E-07 - 3.7E-05- | 2.1E-05 - 1.6E-05 - 9.8E-06 - 4.4E-06 - 3.3E-06 -
Coatings and solder 1.9E-04 2.2E-04 1.9E-04 1.4E-04 9.5E-05 6.8E-05 5.1E-05
12. Use of Solder 6.9E-09 - 3.7E-05- | 2.1E-05 - 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
1.5E-06 3.8E-05 2.2E-05 1.7E-05 1.0E-05 4.8E-06 3.6E-06
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Table 2-106. Range of HBCD Aggregate Exposure Average Daily Dose (mg/kg/day): Background
and Modeled Inhalation Dose by Scenario and Age

Young Small .
SCENARIO NAME (Iflfa“rt) Toddler (ZT_‘L‘;dlerz )| chila (6_3‘;”“) (11_2‘;2“ wla gt )
y (1-<2 yrs) y (3-<6 yrs) y y y

1. Processing: Repackaging of 3.2E-05- | 3.7E-05- | 2.1E-05- 1.6E-05 - 9.7E-06 - 4.4E-06 - 3.2E-06 -
Import Containers 3.5E-05 4.0E-05 2.4E-05 1.8E-05 1.1E-05 5.5E-06 3.7E-06
f,‘of vreneh Cf’";p‘;‘“‘y“g 0>f<1>s 29E09- | 3.7E-05- | 2.1E-05- | 1.6E-05- | 9.6E-06- | 4.3E-06- | 3.2E-06-

yoyrene fesin fo Froduce 45B-09 | 3.7E-05 | 2.1E05 | 1.6E-05 | 9.6E-06 | 4.3E-06 3.2E-06
Masterbatch
3. Processing: Manufacturing of 2.7E-08 - | 3.7E-05- | 2.1E-05- 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
XPS Foam using XPS Masterbatch 3.5E-08 3.7E-05 2.1E-05 1.6E-05 9.6E-06 4.3E-06 3.2E-06
4. Processing: Manufacturing of 34E-09- | 3.7E-05- | 2.1E-05 - 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
XPS Foam Using HBCD Powder 2.4E-07 3.7E-05 2.1E-05 1.6E-05 9.7E-06 4.4E-06 3.2E-06
15?'0 z;‘l’cfizs;‘%m“’{i‘ggaég‘sr 'ﬁgs‘i’fl EPS| 47E-07- | 3.7E05- | 21E05- | 1.6E05- | 9.9E-06- | 4.5E-06- | 3.3E-06-
Beads P 7.2E-06 4.4E-05 2.8E-05 2.2E-05 1.3E-05 7.1E-06 4.4E-06
g'lll:sr‘;cness;“ﬁ;?ﬂ“j:)‘;;fﬁi‘;ﬁ:ﬁ;in ¢ | 24E-08- | 37E-05- | 2.1E05- | L6E-05- | 9.6E-06- | 43E-06- | 3.2E-06-
Parts from XPS/EPS Foam 4.5E-06 4.2E-05 2.5E-05 2.0E-05 1.2E-05 6.1E-06 4.0E-06
7. Use: Installation of Automobile

No water releases
Replacement Parts
8. Use: Installation of EPS/XPS
Foam Insulation in Residential, 1.1E-12 - 3.7E-05- | 2.1E-05- | 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
Public and Commercial Buildings, 1.3E-08 3.7E-05 2.1E-05 1.6E-05 9.6E-06 4.3E-06 3.2E-06
and other Structures
9. Demolition and Disposal of . .
s o as No site specific water releases
Insulation in Buildings
10. Processing: Recycling of EPS 3.3E-10 - 3.7E-05- | 2.1E-05- | 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
Foam 3.1E-09 3.7E-05 2.1E-05 1.6E-05 9.6E-06 4.3E-06 3.2E-06
11. Processing: Formulation of 4.6E-09 - 3.7E-05- | 2.1E-05 - 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
Coatings and solder 5.3E-08 3.7E-05 2.1E-05 1.6E-05 9.6E-06 4.3E-06 3.2E-06
12. Use of Solder 3.2E-09 - 3.7E-05- | 2.1E-05- | 1.6E-05 - 9.6E-06 - 4.3E-06 - 3.2E-06 -
3.5E-09 3.7E-05 2.1E-05 1.6E-05 9.6E-06 4.3E-06 3.2E-06

2.4.2.9

Sensitivity Analysis - Human Exposure

Similar to the environmental exposure assessment, EPA conducted a targeted sensitivity analysis for

human exposures.

2.4.2.9.1 Sensitivity Analysis — Infant Exposures

For the highly exposed general population, EPA further considered infant exposures and reports
additional percentiles beyond the 95 percentile using different assumptions. In EPA’s approach, the
selection of which upper percentile is assigned to the high-end monitoring data is generally more

sensitive than the selection of the geometric mean.
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In this sensitivity analysis, EPA examined the effect of varying three assumptions related to the
stochastic modeling of HBCD aggregate dose for infants (<1 year) in the general population:

1.

In the baseline stochastic analysis of HBCD doses modeled above, only the 95" percentile
estimate of modeled HBCD doses is reported as a high-end estimate. In this analysis, EPA also
reported the 96, 97, 98" 99t "and 99.5™ percentiles of estimated HBCD dose.

In the baseline (previous) analysis, environmental concentrations were assumed to follow
lognormal distributions, with the central tendency and high-end concentrations reported in
monitoring data used to define the shape of the lognormal distribution. Specifically, the central
tendency estimate from monitoring data was assumed to correspond to the median of the
lognormal distribution, while the high-end estimate from monitoring data was assumed to
correspond to either the 95" percentile (for soil and dust) or the 90 percentile (all other
environmental and biotic media). In this analysis, EPA varied this assumption by allowing all
high-end monitoring data values to represent the 90™, 95™, and 99" percentile of the underlying
lognormal distribution.

In the baseline analysis, the central tendency estimate from monitoring data was assumed to
correspond to the median of the lognormal distribution, which is equivalent to assuming that the
central tendency estimate was equal to the geometric mean of the underlying distribution. In this
analysis, EPA varied this assumption by 10% in either direction of the geometric mean to
evaluate the sensitivity of the output to the central tendency estimate.

The results of varying assumptions 1 and 2 in the sensitivity analysis are visualized in Figure 2-6. The x-
axis shows alternative percentiles that can be used to estimate the high-end dose, ranging from the 95"
to the 99.5™ percentile of the output dose distribution. The y-axis displays the estimated dose in
mg/kg/day at each of these percentiles. The different curves each represent an alternative assumption
with respect to the shape of the underlying environmental distributions. Specifically, each series presents
an analysis based on assuming the reported high-end monitoring data value for environmental
concentrations represented either the 90™, 95, or 99 percentile of the underlying lognormal
distribution; the baseline analysis is also pictured.
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Figure 2-6. Comparison of HBCD Dose for Infants in the General Population from Different
Sensitivity Analyses

Based on a review of Figure 2-6, it is possible to conclude:

High-end aggregate dose estimates are sensitive to the choice of percentile used to represent
high-end doses. Choosing the 99.5" percentile of the stochastic dose output instead of the 95
percentile can increase estimated high-end dose by a factor of 3. This is consistent with the
theoretical expectation that dose estimates would be left skewed in their distribution with a long
tail to the right.

It is assumed that the reported high-end value from monitoring data represents a higher end
percentile of the underlying distribution of environmental data (e.g. 99" percentile instead of 90
percentile), the estimated dose decreases. This is consistent with the theoretical expectation that a
longer tail will result in larger estimated dose.

The baseline analysis is very similar to the analysis in which the reported high-end value from
monitoring data represents the 90th percentile of the underlying distribution of environmental
data. This is because the baseline analysis assumes the reported monitoring high-end estimate
represents the 90th percentile for all distributions except soil and dust for which it was assumed
to represent the 95 percentile.

The results of varying assumption 3 in the sensitivity analysis are summarized in Table 2-107.

Table 2-107. Sensitivity Analysis of Central Tendency Estimate Assumptions in Monitoring Data

Estimated Dose in mg/kg/day
Baseline GM Baseline GM + 10% Baseline GM - 10%
95th Percentile Dose 3.12E-04 3.23E-04 2.91E-04
% leange from _ 49, 79,
Baseline
GM = geometric mean
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The high