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UNITED STATES COURT OF APPEALS

FOR THE NINTH CIRCUIT

CALIFORNIA PROFESSIONAL FIREFIGHTERS,
CALIFORNIA COMMUNITIES AGAINST
TOXICS, LEARNING DISABILITIES
ASSOCIATION OF AMERICA, and SIERRA CLUB,

Petitioners,

V.

UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY, and ANDREW
WHEELER, Administrator, United States
Environmental Protection Agency,

Respondents.

PETITION FOR REVIEW

No.

Pursuant to the Toxic Substances Control Act, 15 U.S.C. § 2618, the

Administrative Procedure Act, 5 U.S.C. §§ 701-706, and Rule 15 of the Federal

Rules of Appellate Procedure, California Professional Firefighters, California

Communities Against Toxics, Learning Disabilities Association of America, and

Sierra Club hereby petition for review of a final risk evaluation and order by

Respondent United States Environmental Protection Agency (EPA) for the

chemicals in the cyclic aliphatic bromide cluster (HBCD).

EPA published a notice of availability for the final risk evaluation and order

for HBCD in the Federal Register on September 25, 2020 (at 86 Fed. Reg.
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60,456). The final risk evaluation and order were accordingly “issue[d]” for
purposes of judicial review on October 9, 2020. 40 C.F.R. § 23.5(a); see also
15 U.S.C. §§ 2605(1)(1), 2618(a). A copy of EPA’s notice of availability is attached
as Exhibit 1 to this petition, and a copy of EPA’s final risk evaluation and order
(downloaded from EPA’s website on September 25, 2020, via
https://www.epa.gov/sites/production/files/2020-
09/documents/1. risk evaluation for cyclic aliphatic bromide cluster hbcd casr
n25637-99-4 casrn_3194-5 casrn_3194-57-8.pdf) is attached as Exhibit 2.
Petitioners California Professional Firefighters, California Communities
Against Toxics, and Sierra Club have their principal places of business within this
Circuit. This Court accordingly has jurisdiction to review EPA’s order pursuant to
15 U.S.C. § 2618(a). Petitioner Learning Disabilities Association of America’s
principal place of business is not within this Circuit, but pursuant to Federal Rule of

Appellate Procedure 15(a)(1), its interests make joinder to this petition practicable.
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Dated: December 8, 2020 Respectfully submitted,

s/Tosh Sagar

TOSH SAGAR
Earthjustice

1001 G St. NW, Suite 1000
Washington, DC 20001

T: (202) 667-4500
tsagar(@earthjustice.org

LAKENDRA S. BARAJAS
SHARMEEN MORRISON
Earthjustice

48 Wall St., 15th Floor
New York, NY 10005

T: (212) 284-8025

T: (212) 284-8034
Ibarajas(@earthjustice.org
smorrison@earthjustice.org

Attorneys for Petitioners California
Professional Firefighters, California
Communities Against Toxics, Learning
Disabilities Association of America, and
Sierra Club
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UNITED STATES COURT OF APPEALS

FOR THE NINTH CIRCUIT

CALIFORNIA PROFESSIONAL FIREFIGHTERS,
CALIFORNIA COMMUNITIES AGAINST
TOXICS, LEARNING DISABILITIES
ASSOCIATION OF AMERICA, and SIERRA CLUB,

Petitioners,

V.

UNITED STATES ENVIRONMENTAL
PROTECTION AGENCY, and ANDREW
WHEELER, Administrator, United States
Environmental Protection Agency,

Respondents.

No.

RULE 26.1 CORPORATE DISCLOSURE STATEMENT

Petitioners California Professional Firefighters, California Communities

Against Toxics, Learning Disabilities Association of America, and Sierra Club are

nonprofit organizations with no parent companies, subsidiaries, or affiliates that have

issued shares to the public in the United States or abroad. No publicly held

corporation owns 10% or more of stock in Petitioner California Professional

Firefighters, California Communities Against Toxics, Learning Disabilities

Association of America, or Sierra Club.
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Dated: December 8, 2020

Respectfully submitted,

s/Tosh Sagar

TOSH SAGAR
Earthjustice

1001 G St. NW, Suite 1000
Washington, DC 20001

T: (202) 667-4500
tsagar@earthjustice.org

LAKENDRA S. BARAJAS
SHARMEEN MORRISON
Earthjustice

48 Wall St., 15th Floor
New York, NY 10005

T: (212) 284-8025

T: (212) 284-8034
Ibarajas@earthjustice.org
smorrison(@earthjustice.org

Attorneys for Petitioners California
Professional Firefighters, California
Communities Against Toxics, Learning
Disabilities Association of America, and
Sierra Club



Case: 20-73578, 12/08/2020, ID: 11918900, DktEntry: 1-4, Page 6 of 733

Exhibit 1



AUTHENTICATED
Us. Gov

Case: 20-73578, 12/08/2020, ID: 11918900, DktEntry: 1-4, Page 7 of 733

Federal Register/Vol. 85, No. 187/Friday, September 25, 2020/ Notices

ENVIRONMENTAL PROTECTION
AGENCY

[FRL-10015-06—OA]
Notice of Meeting of the EPA

Children’s Health Protection Advisory
Committee (CHPAC)

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Notice.

SUMMARY: Pursuant to the provisions of
the Federal Advisory Committee Act,
notice is hereby given that the next
meeting of the Children’s Health
Protection Advisory Committee
(CHPAC) will be held virtually October
22, 2020. The CHPAC advises the
Environmental Protection Agency (EPA)
on science, regulations and other issues
relating to children’s environmental
health.

DATES: October 22, 2020 from 2 p.m. to
5 p.m.

ADDRESSES: The meeting will take place
virtually. If you want to listen to the
meeting or provide comments, please
email louie.nica@epa.gov for further
details.

FOR FURTHER INFORMATION CONTACT: Nica
Louie, Office of Children’s Health
Protection, U.S. EPA, MC 1107T, 1200
Pennsylvania Avenue NW, Washington,
DC 20460, (202) 564—7633 or
louie.nica@epa.gov.

SUPPLEMENTARY INFORMATION: The
meetings of the CHPAC are open to the
public. An agenda will be posted to
https://www.epa.gov/children/
childrens-health-protection-advisory-
committee-chpac.

Access and Accommodations: For
information on access or services for
individuals with disabilities, please
contact Nica Louie at 202-564-7633 or
louie.nica@epa.gov.

Dated: September 16, 2019.
Nica Mostaghim,
Environmental Health Scientist.
[FR Doc. 2020-21143 Filed 9-24-20; 8:45 am]
BILLING CODE 6560-50-P

ENVIRONMENTAL PROTECTION
AGENCY

[EPA-HQ-OPPT-2019-0237; FRL-10014—
87]

Cyclic Aliphatic Bromide Cluster
(HBCD); Final Toxic Substances
Control Act (TSCA) Risk Evaluation;
Notice of Availability

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Notice.

SUMMARY: The Environmental Protection
Agency (EPA) is announcing the
availability of the final Toxic
Substances Control Act (TSCA) risk
evaluation of Cyclic Aliphatic Bromide
Cluster (HBCD). The purpose of
conducting risk evaluations under
TSCA is to determine whether a
chemical substance presents an
unreasonable risk of injury to health or
the environment under the conditions of
use, including an unreasonable risk to a
relevant potentially exposed or
susceptible subpopulation, without
consideration of costs or other nonrisk
factors. EPA has determined that
specific conditions of use of HBCD
present an unreasonable risk of injury to
health or the environment. For those
conditions of use for which EPA has
found an unreasonable risk, EPA must
take regulatory action to address that
unreasonable risk through risk
management measures enumerated in
TSCA. EPA has also determined that
specific conditions of use do not present
unreasonable risk of injury to health or
the environment. For those conditions
of use for which EPA has found no
unreasonable risk to health or the
environment, the Agency’s
determination is a final Agency action
and is issued via order in the risk
evaluation.

ADDRESSES: The docket for this action,
identified by docket identification (ID)
number EPA-HQ-OPPT-2019-0237, is
available online at http://
www.regulations.gov or in-person at the
Office of Pollution Prevention and
Toxics Docket (OPPT Docket),
Environmental Protection Agency
Docket Center (EPA/DC), West William
Jefferson Clinton Bldg., Rm. 3334, 1301
Constitution Ave. NW, Washington, DC.
The Public Reading Room is open from
8:30 a.m. to 4:30 p.m., Monday through
Friday, excluding legal holidays. The
telephone number for the Public
Reading Room is (202) 5661744, and
the telephone number for the OPPT
Docket is (202) 566—0280.

Due to the public health concerns
related to COVID-19, the EPA Docket
Center (EPA/DC) and Public Reading
Room is closed to visitors with limited
exceptions. The EPA/DC staff continue
to provide remote customer service via
email, phone, and webform. For the
latest status information on EPA/DC
services and docket access, visit https://
www.epa.gov/dockets.

FOR FURTHER INFORMATION CONTACT: For
technical information contact: Dr. Stan
Barone, Office of Pollution Prevention
and Toxics (7403M), Environmental
Protection Agency, 1200 Pennsylvania
Ave. NW, Washington, DC 20460-0001;

telephone number: (202) 564-1169;

email address: barone.stan@epa.gov.
For general information contact: The

TSCA-Hotline, ABVI-Goodwill, 422

South Clinton Ave., Rochester, NY

14620; telephone number: (202) 554—

1404; email address: TSCA-Hotline@

epa.gov.

SUPPLEMENTARY INFORMATION:

1. General Information

A. Does this action apply to me?

This action is directed to the public
in general. This action may be of
interest to persons who are or may be
interested in risk evaluations of
chemical substances under TSCA, 15
U.S.C. 2601 et seq. Since other entities
may also be interested in this final risk
evaluation, the EPA has not attempted
to describe all the specific entities that
may be affected by this action.

B. What is EPA’s authority for taking
this action?

TSCA section 6, 15 U.S.C. 2605,
requires EPA to conduct risk
evaluations to “determine whether a
chemical substance presents an
unreasonable risk of injury to health or
the environment, without consideration
of costs or other nonrisk 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.” 15 U.S.C. 2605(b)(4)(A). TSCA
sections 6(b)(4)(A) through (H)
enumerate the deadlines and minimum
requirements applicable to this process,
including provisions that provide
instruction on chemical substances that
must undergo evaluation, the minimum
components of a TSCA risk evaluation,
and the timelines for public comment
and completion of the risk evaluation.
TSCA also requires that EPA operate in
a manner that is consistent with the best
available science, make decisions based
on the weight of the scientific evidence
and consider reasonably available
information. 15 U.S.C. 2625(h), (i), and
(k). TSCA section 6(i) directs that a
determination of “no unreasonable risk”
shall be issued by order and considered
to be a final Agency action, while a
determination of ‘“unreasonable risk” is
not considered to be a final Agency
action. 15 U.S.C. 2605(i).

The statute identifies the minimum
components for all chemical substance
risk evaluations. For each risk
evaluation, EPA must publish a
document that outlines the scope of the
risk evaluation to be conducted, which
includes the hazards, exposures,
conditions of use, and the potentially
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exposed or susceptible subpopulations
that EPA expects to consider. 15 U.S.C.
2605(b)(4)(D). The statute further
provides that each risk evaluation must
also: (1) Integrate and assess available
information on hazards and exposures
for the conditions of use of the chemical
substance, including information that is
relevant to specific risks of injury to
health or the environment and
information on relevant potentially
exposed or susceptible subpopulations;
(2) describe whether aggregate or
sentinel exposures were considered and
the basis for that consideration; (3) take
into account, where relevant, the likely
duration, intensity, frequency, and
number of exposures under the
conditions of use; and (4) describe the
weight of the scientific evidence for the
identified hazards and exposures. 15
U.S.C. 2605(b)(4)(F)(i)—(ii) and (iv)—(v).
Each risk evaluation must not consider
costs or other nonrisk factors. 15 U.S.C.
2605(b)(4)(F)(iii).

The statute requires that the risk
evaluation process be completed within
a specified timeframe and provide an
opportunity for public comment on a
draft risk evaluation prior to publishing
a final risk evaluation. 15 U.S.C.
2605(b)(4).

Subsection 5.4.1 of the final risk
evaluation for HBCD constitutes the
order required under TSCA section
6(i)(1), and the “no unreasonable risk”
determinations in that subsection are
considered to be a final Agency action
effective on the date of issuance of the
order. In conducting risk evaluations,
“EPA will determine whether the
chemical substance presents an
unreasonable risk of injury to health or
the environment under each condition
of use within the scope of the risk
evaluation. . .” 40 CFR 702.47. Under
EPA’s implementing regulations, “‘[a]
determination by EPA that the chemical
substance, under one or more of the
conditions of use within the scope of
the risk evaluation, does not present an
unreasonable risk of injury to health or
the environment will be issued by order
and considered to be a final Agency
action, effective on the date of issuance
of the order.” 40 CFR 702.49(d). For
purposes of TSCA section 19(a)(1)(A),
the date of issuance of the section 6(i)(1)
order for HBCD shall be at 1:00 p.m.
Eastern time (standard or daylight, as
appropriate) on the date that is two
weeks after the date when this notice is
published in the Federal Register,
which is in accordance with 40 CFR
23.5.

C. What action is EPA taking?

EPA is announcing the availability of
the risk evaluation of the chemical

substance identified in Unit II. In this
risk evaluation EPA has made
unreasonable risk determinations on
some of the conditions of use within the
scope of the risk evaluation for this
chemical. For those conditions of use
for which EPA has found an
unreasonable risk of injury to health or
the environment, EPA must take
regulatory action to address those risks
through risk management measures
enumerated in 15 U.S.C. 2605(a).

EPA also is announcing the
availability of the information required
to be provided publicly with each risk
evaluation, which is available online at
http://www.regulations.gov in the
dockets identified. 40 CFR 702.51.
Specifically, EPA has provided:

e The scope document and problem
formulation (in Docket ID No. EPA-HQ-
OPPT-2016-0735);

e Draft risk evaluation, and final risk
evaluation (in Docket ID No. EPA-HQ-
OPPT-2019-0237);

e All notices, determinations,
findings, consent agreements, and
orders (in Docket ID No. EPA-HQ-
OPPT-2019-0237);

e Any information required to be
provided to the Agency under 15 U.S.C.
2603 (in Docket ID No. EPA-HQ-OPPT-
2016—0735 and Docket ID No. EPA-HQ-
OPPT-2019-0237);

e A nontechnical summary of the risk
evaluation (in Docket ID No. EPA-HQ-
OPPT-2019-0237);

o A list of the studies, with the results
of the studies, considered in carrying
out each risk evaluation (Risk
Evaluation for Cyclic Aliphatic Bromide
Cluster (HBCD Cluster) in Docket ID No.
EPA-HQ-OPPT-2019-0237);

e The final peer review report,
including the response to peer review
and public comments received during
peer review (in Docket ID No. EPA-HQ—
OPPT-2019-0237); and

e Response to public comments
received on the draft scope and the draft
risk evaluation (in Docket ID No. EPA—
HQ-OPPT-2019-0237).

II. TSCA Risk Evaluation

A. What is EPA’s risk evaluation process
for existing chemicals under TSCA?

The risk evaluation process is the
second step in EPA’s existing chemical
review process under TSCA, following
prioritization and before risk
management. As this chemical is one of
the first ten chemical substances
undergoing risk evaluation, the
chemical substance was not required to
go through prioritization (81 FR 91927,
December 19, 2016) (FRL-9956—47). The
purpose of conducting risk evaluations
is to determine whether a chemical

substance presents an unreasonable risk
of injury to health or the environment
under the conditions of use, including
an unreasonable risk to a relevant
potentially exposed or susceptible
subpopulation. As part of this process,
EPA must evaluate both hazard and
exposure, not consider costs or other
nonrisk factors, use reasonably available
information and approaches in a
manner that is consistent with the
requirements in TSCA for the use of the
best available science, and ensure
decisions are based on the weight of
scientific evidence.

The specific risk evaluation process
that EPA has established by rule to
implement the statutory process is set
out in 40 CFR part 702 and summarized
on EPA’s website at http://
www.epa.gov/assessing-and-managing-
chemicals-under-tsca/risk-evaluations-
existing-chemicals-under-tsca. As
explained in the preamble to EPA’s final
rule on procedures for risk evaluation
(82 FR 33726, July 20, 2017) (FRL—
9964-38), the specific regulatory
process set out in 40 CFR part 702,
subpart B is being followed for the first
ten chemical substances undergoing risk
evaluation to the maximum extent
practicable.

Prior to the publication of this final
risk evaluation, a draft risk evaluation
was subject to peer review and public
comment. EPA reviewed the report from
the peer review committee and public
comments and has amended the risk
evaluation in response to these
comments as appropriate. The public
comments, peer review report, and
EPA’s response to comments is in
Docket ID No. EPA-HQ-OPPT-2019—
0237. Prior to the publication of the
draft risk evaluation, EPA made
available the scope and problem
formulation, and solicited public input
on uses and exposure. EPA’s documents
and the public comments are in Docket
ID No. EPA-HQ-OPPT-2016-0735.
Additionally, information about the
scope, problem formulation, and draft
risk evaluation phases of the TSCA risk
evaluation for this chemical is at https://
www.epa.gov/assessing-and-managing-
chemicals-under-tsca/risk-evaluation-
cyclic-aliphatic-bromide-cluster-hbed.

B. What is Cyclic Aliphatic Bromide
Cluster (HBCD Cluster)?

The cyclic aliphatic bromide cluster
chemicals, including
hexabromocyclododecane (HBCD), are
flame retardants. Other uses include use
as a component of solder and use in
automobile replacement parts. EPA has
not identified reasonably available
information to suggest that HBCD is
currently domestically manufactured in
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any quantity. Companies have the
ability to import the chemical in low
volumes below the CDR reporting
threshold.

Authority: 15 U.S.C. 2601 et seq.

Andrew Wheeler,

Administrator.

[FR Doc. 2020-21133 Filed 9-24-20; 8:45 am]
BILLING CODE 6560-50-P

ENVIRONMENTAL PROTECTION
AGENCY

[ER-FRL-9053-1]

Environmental Impact Statements;
Notice of Availability

Responsible Agency: Office of Federal
Activities, General Information 202—
564—5632 or https://www.epa.gov/nepa.
Weekly receipt of Environmental Impact

Statements (EIS)

Filed September 14, 2020 10 a.m. EST
Through September 21, 2020 10 a.m.
EST

Pursuant to 40 CFR 1506.9.

Notice: Section 309(a) of the Clean Air
Act requires that EPA make public its
comments on EISs issued by other
Federal agencies. EPA’s comment letters
on EISs are available at: https://
cdxnodengn.epa.gov/cdx-enepa-public/
action/eis/search.

EIS No. 20200188, Draft Supplement,
USFS, WV, Mountain Valley Pipeline
and Equitrans Expansion Project Draft
Supplemental Environmental Impact
Statement, Comment Period Ends: 11/
09/2020, Contact: Ken Arney 888—
603-0261.

EIS No. 20200189, Draft, USAF, GA,
Moody Air Force Base Comprehensive
Airspace Initiative, Comment Period
Ends: 11/24/2020, Contact: Lorence
Busker 229-257-2396.

EIS No. 20200190, Draft, USAF, TX, B—
21 Main Operating Base (MOB 1)
Beddown at Dyess AFB, Texas or
Ellsworth AFB South Dakota,
Comment Period Ends: 11/09/2020,
Contact: Julianne Turko 210-925—
3777.

EIS No. 20200191, Final, USFS, AK,
Rulemaking for Alaska Roadless
Areas, Review Period Ends: 10/26/
2020, Contact: Ken Tu 303—-275-5156.

EIS No. 20200192, Final Supplement,
FDOT, FHWA, FL, Tampa Interstate
Study, Contact: Luis D. Lopez Rivera
407-867—-6420. Pursuant to U.S.C.
139(n)(2), FHWA has issued a single
document that consists of a final
supplemental environmental impact
statement and record of decision.
Therefore, the 30-day wait/review
period under NEPA does not apply to
this action.

EIS No. 20200193, Final, BR, CA,
Truckee Canal Extraordinary
Maintenance, Review Period Ends:
10/26/2020, Contact: Laurie Nicholas
775—884—8360.

EIS No. 20200194, Final, NNSA, SC,
Plutonium Pit Production at the
Savannah River Site in South
Carolina, Review Period Ends: 10/26/
2020, Contact: Ms. Jennifer Nelson
803-557-6372.

Amended Notice

EIS No. 20200168, Draft, FAA, CA, Bob
Hope Hollywood Burbank Airport
Replacement Passenger Terminal
Project, Comment Period Ends: 10/27/
2020, Contact: Edvige B. Mbakoup
424-405-7283. Revision to FR Notice
Published 8/21/2020; Extending the
Comment Period from 10/5/2020 to
10/27/2020.

EIS No. 20200182, Final, USFS, AZ,
WITHDRAWN—Fossil Creek Wild
and Scenic River Comprehensive
River Management Plan, Contact:
Mike Dechter 928-527-3416. Revision
to FR Notice Published 09/18/2020;
Officially Withdrawn per request of
the submitting agency.

Dated: September 21, 2020.
Cindy S. Barger,

Director, NEPA Compliance Division, Office
of Federal Activities.

[FR Doc. 2020-21174 Filed 9-24-20; 8:45 am]
BILLING CODE 6560-50-P

ENVIRONMENTAL PROTECTION
AGENCY

[EPA-HQ-OPP-2020-0390; FRL-10014-21]
Ortho-Phthalaldehyde; Receipt of

Application for Emergency Exemption,
Solicitation of Public Comment

AGENCY: Environmental Protection
Agency (EPA).
ACTION: Notice.

SUMMARY: EPA has received a specific
exemption request from the National
Aeronautics and Space Administration
(NASA) to use the pesticide ortho-
phthalaldehyde (OPA, CAS No. 643-79-
8) to treat the coolant fluid of the
internal active thermal control system of
the International Space Station to
control aerobic/microaerophilic bacteria
in the aqueous coolant. The applicant
proposes the use of a new chemical
which has not been registered by EPA.
Therefore, in accordance with the Code
of Federal Regulations (CFR), EPA is
soliciting public comment before
making the decision whether to grant
the exemption.

DATES: Comments must be received on
or before October 13, 2020.

ADDRESSES: Submit your comments,
identified by docket identification (ID)
number EPA-HQ-OPP-2020-0390, by
one of the following methods:

e Federal eRulemaking Portal: http://
www.regulations.gov. Follow the online
instructions for submitting comments.
Do not submit electronically any
information you consider to be
Confidential Business Information (CBI)
or other information whose disclosure is
restricted by statute.

e Mail: OPP Docket, Environmental
Protection Agency Docket Center (EPA/
DC), (28221T), 1200 Pennsylvania Ave.
NW, Washington, DC 20460-0001.

e Hand Delivery: To make special
arrangements for hand delivery or
delivery of boxed information, please
follow the instructions at http://
www.epa.gov/dockets/contacts.html.

Due to the public health concerns
related to COVID-19, the EPA Docket
Center (EPA/DC) and Reading Room is
closed to visitors with limited
exceptions. The staff continues to
provide remote customer service via
email, phone, and webform. For the
latest status information on EPA/DC
services and docket access, visit https://
www.epa.gov/dockets.

FOR FURTHER INFORMATION CONTACT:
Marietta Echeverria, Registration
Division (7505P), Office of Pesticide
Programs, Environmental Protection
Agency, 1200 Pennsylvania Ave. NW,
Washington, DC 20460—-0001; main
telephone number: (703) 305-7090;
email address: RDFRNotices@epa.gov.
SUPPLEMENTARY INFORMATION: In
accordance with the regulations at 40
CFR 166.24(a)(1), EPA is soliciting
public comment before making the
decision whether to grant the
exemption.

1. General Information

A. Does this action apply to me?

You may be potentially affected by
this action if you are a pesticide
manufacturer (North American
Industrial Classification System
(NAICS) (Code 32532) or involved with
the International Space Station. This
listing is not intended to be exhaustive,
but rather provides a guide to help
readers determine whether this
document applies to them. Other types
of entities not listed could also be
affected.

B. What should I consider as I prepare
my comments for EPA?

1. Submitting CBI. Do not submit this
information to EPA through
www.regulations.gov or email. Clearly
mark the part or all of the information
that you claim to be CBI. For CBI
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EPA Document #740-R1-8006

(o)
\_/ September 2020
\’ United States Office of Chemical Safety and
Environmental Protection Agency Pollution Prevention

Risk Evaluation for
Cyclic Aliphatic Bromide Cluster
(HBCD)

CASRN: 25637-99-4
CASRN: 3194-55-6
CASRN: 3194-57-8
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September 2020
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EXECUTIVE SUMMARY

This Risk Evaluation for cyclic aliphatic bromide cluster chemicals, including hexabromocyclododecane
(HBCD), was performed in accordance with the Frank R. Lautenberg Chemical Safety for the 21st
Century Act and is being issued following public comment and peer review. The Frank R. Lautenberg
Chemical Safety for the 21st Century Act amended the Toxic Substances Control Act (TSCA), the
nation’s primary chemicals management law, in June 2016. Under the amended statute, EPA is required,
under TSCA Section 6(b), to conduct risk evaluations to determine whether a chemical substance
presents an unreasonable risk of injury to health or the environment, under the conditions of use, without
consideration of costs or other non-risk factors, including an unreasonable risk to potentially exposed or
susceptible subpopulations identified as relevant to the Risk Evaluation. Also, as required by TSCA
Section (6)(b), EPA established, by rule, a process to conduct these Risk Evaluations, Procedures for
Chemical Risk Evaluation Under the Amended Toxic Substances Control Act (82 FR 33726) (Risk
Evaluation Rule). This Risk Evaluation is in conformance with TSCA Section 6(b) and the Risk
Evaluation Rule, and is to be used to inform risk management decisions. In accordance with TSCA
Section 6(b), if EPA finds unreasonable risk from a chemical substance under its conditions of use in
any final Risk Evaluation, the Agency will propose actions to address those risks within the timeframe
required by TSCA. However, any proposed or final determination that a chemical substance presents
unreasonable risk under TSCA Section 6(b) is not the same as a finding that a chemical substance is
“imminently hazardous” under TSCA Section 7. The conclusions, findings, and determinations in this
final Risk Evaluation are for the purpose of identifying whether the chemical substance presents
unreasonable risk under the conditions of use, in accordance with TSCA Section 6, and are not intended
to represent any findings under TSCA Section 7.

TSCA Section 26(h) and (i) require EPA, when conducting Risk Evaluations, 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
these TSCA Section 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
data collection, data evaluation and data integration stages of the systematic review process are used to
develop the exposure, fate and hazard assessments for the risk evaluations.

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. Conditions of use for 1,2,5,6-tetrabromocyclooctane (CASRN 3194-57-
8), another chemical in the cyclic aliphatic bromide cluster, were not identified. For the purposes of this
final Risk Evaluation document, the use of “HBCD refers to either CASRN 25637-99-4 or 3194-55-6,
or both. The primary use of HBCD has been 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.

HBCD is a persistent, bioaccumulative and toxic (PBT) substance that exists as a non-volatile solid
(Section 1.1). HBCD released to the environment remains unchanged for months or longer and
accumulates in aquatic and terrestrial organisms including humans. Because of these characteristics,
even low levels of HBCD move through aquatic and terrestrial food chains from lower to higher levels

! Weight of the scientific evidence is defined in EPA regulations 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 CFR 702.33.
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and result in increasing concentrations in aquatic and terrestrial life higher in the food chain (Section
2.1). In contrast to chemicals that do not exhibit PBT characteristics, ecological impacts due to trophic
level transfer of HBCD and human dietary exposure pathways to HBCD including fish ingestion are
considered. Background levels of HBCD have been measured in a variety of environmental media and
biota, in indoor air and dust, and in human milk, blood, and urine. Due to HBCD’s persistence, humans
and environmental organisms can be exposed to background levels that stem from past activities at the
five stages in the life of the chemical, i.e., manufacture (including import), processing, distribution, use,
and disposal. Releases of HBCD could have resulted from activities that still occur or from releases
associated with uses that phased out of all life stages. These characteristics and their impacts on
environmental and human exposure to HBCD were important considerations in the HBCD Risk
Evaluation. EPA considered a variety of exposure pathways for HBCD to workers, general population,
consumers, and the environment, although certain pathways may have undergone minimal evaluation
based on assessment of physical-chemical properties or other considerations such as existing EPA
regulations (see Section 1.4).

The production (domestic manufacturing and importation) and use of HBCD has rapidly declined in the
U.S. and globally over the past 10 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. Additional communications with industry
representatives indicate that, as of 2018, domestic manufacture of HBCD has ceased and there are
currently no U.S. manufacturers of the chemical. 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 final Risk
Evaluation. Under the United Nations Stockholm Convention on Persistent Organic Pollutants, 171 of
the 188 Party countries have agreed to ban the production, use, import, and export of HBCD, consistent
with the obligations of the Convention. The United States is not a signatory to the Convention.
Furthermore, substitutes have been adopted in the market. For example, Dow Chemical developed the
polymeric flame retardant that replaced HBCD for use in insulation boards used in construction. The
product is licensed to other manufacturers including Albemarle, Chemtura, and Bromine Compounds
Limited (part of ICL Industrial Products); these companies sell the chemical under different trade
names.

EPA has not identified reasonably available information to suggest that HBCD is currently domestically
manufactured in any quantity. Consideration of the status of manufacturing, availability of viable
substitutes and the strong international regulatory focus on phasing out of manufacturing, use and
international trade in HBCD has led EPA to believe the domestic manufacturing of HBCD is not known,
intended or reasonably foreseen to occur.

Based on information received by industry associations and member companies, historic major
importers have since 2017 ceased importation of the chemical. It is reasonably foreseen, however, that
foreign manufacturers in countries that have not agreed to the Stockholm ban or are non-signatories of
the Convention are or will be in the future producing HBCD that could be imported in quantities below
CDR reporting thresholds. For these reasons, EPA has included the import of HBCD in the final Risk
Evaluation.

The primary use of HBCD in the United States historically has been as a flame retardant in XPS/EPS
insulation foam used in construction. This use had accounted for 95% of all HBCD applications in the
past decade. Based on information from a market report, HBCD was used primarily in construction
materials, which may have included structural insulated panels (SIPS).
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Although some of the industry comments on the draft Risk Evaluation indicate with more certainty than
previous comments that the phaseout of HBCD for XPS/EPS insulation foam is complete, the industry
associations do not represent every possible importer and processor of HBCD. Taking into account the
high percentage of HBCD production volume dedicated to these two uses in previous years, and the fact
that companies have the ability to import the chemical in low volumes below the CDR reporting
threshold, EPA believes that it is reasonably foreseen that EPS and XPS Association non-members
currently are or will in the future be using imported HBCD-containing resins in their processes. EPA
therefore included the processing and use of HBCD in XPS and EPS insulation in the final Risk
Evaluation.

In addition to the major use of HBCD in insulation, much smaller quantities have been processed into
products and articles including automotive replacement parts, solder paste, electrical and electronic
products, textiles, adhesives, and coatings. These six products and articles are considered conditions of
use (COUs). As the chemical has declined in importance, the only remaining processing of HBCD into
products and articles is for automotive replacement parts and solder paste. Manufacture, processing, use,
and distribution of HBCD for the other four products and articles have phased out, although commercial/
consumer use and disposal still occur. For the four minor products for which manufacturing, processing,
use and distribution have been phased out, the final RE adds two COUs: Use in other formulated
products and articles (e.g., textiles, electrical and electronic products, adhesives, and coatings) and
Disposal of other formulated products and articles (e.g., textiles, electrical and electronic products,
adhesives, and coatings). All six minor use products and articles are included as COUs in this final Risk
Evaluation.

Reused and recycled EPS and XPS foam insulation board, siding, roof membrane and roofing ballast
material are available in the United States. 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. Once processed, recycled EPS roofing insulation is taken to polystyrene product
manufacturers, notably picture frame manufacturers, mostly in China. Recycled roofing material is also
sent to other EPS recycling plants that may use different processes. XPS roofing material is reused due
to the special equipment needed to recycle XPS. The recycling of HBCD-containing EPS and reuse of
XPS insulations boards for use in construction materials is included as a COU in this final Risk
evaluation.

While only anecdotal information is available indicating HBCD use in high impact polystyrene (HIPS)
in electronics occurred in the United States (Section 1.2), there are more substantial data from the EU
indicating a range of between 2 and 7 percent of HBCD production volume in Europe was historically
used in HIPS and that the majority of HIPS was used in electronics. This makes it likely that electronics
products with HBCD-containing HIPS have been imported into the United States in past years. EPA
believes that it is reasonably foreseen that HBCD may be present in recycling of electronics waste and
therefore included this condition of use, called recycling of electronics waste containing HIPS that
contain HBCD, in this final Risk Evaluation. Previously, EPA inadvertently omitted recycling of
electronics waste in the draft Risk Evaluation.

The draft Risk Evaluation contained a COU for consumer use of recycled consumer articles which was
inadvertently left off the list of COUs in Table 1-8. The COU is inserted into Table 1-8 of this final Risk
Evaluation.

EPA previously described three specific scenarios under which the Agency could determine to exclude
certain conditions of use from chemical risk evaluations: legacy uses, associated disposal, and legacy
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disposal. By legacy use, EPA referred to circumstances associated with activities that do not reflect
ongoing or prospective manufacturing, processing, or distribution. By associated disposal, EPA referred
to future disposal from legacy uses. By legacy disposal, EPA referred to disposals that have already
occurred. In the rule, “EPA interpret[ed] the mandates under Section 6(a)-(b) to conduct risk evaluations
and any corresponding risk management to focus on uses for which manufacturing, processing, or
distribution in commerce is intended, known to be occurring, or reasonably foreseen to occur (i.e., is
prospective or on-going), rather than reaching back to evaluate the risks associated with legacy uses,
associated disposal, and legacy disposal, and interprets the definition of ‘conditions of use’ in that
context.” (82 FR 33730) As a result, EPA did not include any legacy uses, associated disposals, or
legacy disposals as conditions of use within the scope of the Risk Evaluations for the first 10 chemicals
undergoing the new TSCA Risk Evaluation process.

However, some stakeholders disagreed with this interpretation and challenged the final Risk Evaluation
Rule in court. In 2019, the Ninth Circuit Court of Appeals ruled that EPA cannot categorically exclude
“legacy use” and “associated disposal” from the definition of “conditions of use” (Safer Chemicals,
Healthy Families v. U.S. Envtl. Prot. Agency, 943 F.3d 397, 425 (9th Cir. 2019)). As a result of the
court’s opinion, EPA will no longer exclude legacy use or associated disposal from the definition of
conditions of use for chemical risk evaluations. Rather, when these activities are intended, known, or
reasonably foreseen, they will be considered uses and disposal, respectively, within the definition of
conditions of use. Thus, in conducting a Risk Evaluation, certain parts of the lifecycle for a given COU
may not be evaluated because those parts are not intended, known, or reasonably foreseen. For example,
if the manufacture (including import), processing and distribution parts of the life cycle are not intended,
known, or reasonably foreseen, then the evaluation will only consider the uses and disposal stages of the
lifecycle to be COUs. The court did not rule against EPA’s exclusion of legacy disposal from scopes of
risk evaluations.

Prior to the court ruling on Safer Chemicals, Healthy Families v. U.S. Envtl. Prot. Agency, at the
beginning of the Risk Evaluation process for HBCD, EPA had information indicating that a small
percentage of the chemical’s production volume (less than 5%) had been used in the past in the
processing of four products and articles. The items were adhesives, coatings, electronics, and textiles.
HBCD is no longer manufactured, processed, or distributed in commerce as part of the four products and
articles. In accordance with the final Risk Evaluation Rule, EPA considered activities involving these
products and articles to be “legacy uses” and “associated disposal” and excluded the activities from the
scope of the August 2019 draft HBCD Risk Evaluation. Later that year, the court made its ruling in
Safer Chemicals Healthy Families v. U.S. Envtl. Prot. Agency. Because of the court ruling, as well as
public and SACC review comments, EPA is no longer excluding the four products and articles in the
Risk Evaluation. Although manufacturing, processing, and distribution in commerce of HBCD in the
products and articles has ended, commercial/consumer use and associated disposal are still occurring
and these activities are COUs in the final risk evaluation. EPA evaluated exposure to these use and
disposal activities and has made a determination for each COU on whether exposure presents
unreasonable risk. Legacy disposal of HBCD, i.e. disposal that occurred in the past, is not a COU.
Likewise, other activities in the HBCD lifecycle stages that occurred in the past are not COUs, although
EPA has evaluated exposure to background levels of HBCD resulting from past activities that left
HBCD in environmental media and indoor air and dust. EPA did not exclude any activity determined to
be a COU.

The conditions of use evaluated for HBCD, as further described in Section 1.4.1 of the final Risk
Evaluation for HBCD, include:
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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

e Processing: recycling of XPS and EPS foam, resin, panels containing HBCD; electronics waste

Processing: recycling of electronics waste containing HIPS that contains HBCD

Distribution: activities related to distribution

Use in building and construction materials

Use in automobile replacement parts

Use in plastic and other articles

Use in other formulated products and articles, e.g., adhesives, coatings, textiles, and electronics

Disposal of construction and demolition waste

Disposal of other formulated products and articles, e.g., adhesives, coatings, textiles, and

electronics

Approach
EPA used reasonably available information? in a fit-for-purpose approach, to develop a risk evaluation

that relies on the best available science and is based on the weight of the scientific evidence. EPA used
previous assessments as a starting point for identifying key and supporting studies to inform the
exposure, fate, and hazard assessments. EPA also evaluated other studies published since the publication
of any previous analyses. EPA reviewed reasonably available 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 2018b). To satisfy requirements
in TSCA Section 26(j)(4) and 40 CFR 702.51(e), EPA has provided a list of studies considered in
carrying out the Risk Evaluation, and the results of those studies are included in the Systematic Review
Data Quality Evaluation/Extraction Documents (see Appendix B, items 6 and 7).

In the problem formulation, EPA identified the conditions of use within the scope of the risk evaluation
and presented three conceptual models and an analysis plan for this Risk Evaluation (U.S. EPA 2018g).
These have been carried into the Risk Evaluation where EPA has quantitatively evaluated the risk to the
environment and human health, using both monitoring data and modeling approaches, for the conditions
of use (identified in Section 1.4.1 of this risk evaluation). EPA quantitatively evaluated the risk to
aquatic (pelagic and benthic) and terrestrial organisms from exposure to surface water, sediment and soil
(via air deposition) as a result of the manufacturing, processing, use, or disposal of HBCD. EPA
evaluated risk to workers, from inhalation and dermal exposures (EPA was unable to quantitatively
evaluate risk to occupational non-users (ONUs))?, by comparing the estimated acute and chronic
exposures to human health hazards (e.g., thyroid effects, liver effects, reproductive effects,
developmental effects). EPA also evaluated the risk to the general population and consumers from acute
and chronic inhalation, dermal, and oral exposures.

EPA used environmental fate parameters, physical-chemical properties, monitoring data and modeling
approaches to assess exposure to aquatic organisms, and sediments and soil exposure to terrestrial
species. The exposure and environmental hazard analyses for these environmental release pathways was
conducted based on a quantitative assessment of predicted environmental concentrations of HBCD in

2 Defined in 40 CFR 702.33 in part as “information that EPA possesses, or can reasonably obtain and synthesize for use in
risk evaluations, considering the deadlines ...for completing the evaluation...”.
3 ONUs are workers who do not directly handle HBCD but perform work in an area where HBCD is present.
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surface water, sediment, and soil. These exposure analyses are detailed in Section 2.1 through 2.3.5 and
environmental hazards are discussed in Section 3.1 for aquatic and terrestrial organisms.

EPA evaluated potential occupational exposures to HBCD that result from the conditions of use that are
in the scope of this Risk Evaluation as listed in Section 1.4 (Scope of the Evaluation). EPA evaluated
potential acute and chronic inhalation and dermal exposures to workers. EPA estimated potential
inhalation exposure concentrations based on HBCD worker inhalation monitoring data that EPA
obtained via a systematic review of the literature. In the case of some occupational exposure scenarios,
EPA’s systematic review of the literature did not result in worker inhalation monitoring data and EPA
estimated potential inhalation exposure concentrations in accordance with other estimation methods.
EPA’s systematic review did not result in any HBCD worker dermal monitoring data and EPA estimated
dermal exposures in accordance with modeling approaches. EPA did not quantitatively evaluate
inhalation exposures of ONUs to HBCD due to lack of adequate, reasonably available, worker
monitoring data and lack of relevant mathematical models. The occupational exposure evaluation is
described in detail in Section 2.4.1. In this Risk Evaluation, consumer exposures were evaluated for
individuals who have articles containing HBCD in their homes or automobiles. The consumer exposure
assessment also includes the mouthing of consumer articles that contained HBCD. The consumer
exposure evaluation is described in detail in Section 2.4.4.

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 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 HBCD is released to surface water, EPA
determined during problem formulation that no further analysis beyond what was presented in the
problem formulation document would be done for the drinking water exposure pathway in this Risk
Evaluation. While this exposure pathway remains in the scope of the risk evaluation, EPA found no
further analysis was necessary. 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 as
well as the absence of any detection of HBCD in monitored water samples.

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 the fact 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 timelines for replacement.

EPA also evaluated background exposures in calculating risk estimates for the environment and general
population, representing chronic, steady-state risks from sustained background exposure in the
environment due to HBCD’s persistence. These exposures cannot be associated with any particular COU
or past use and it is unknown which combination of potential sources associated with evaluated COUs or
past uses contribute to this background exposure. These background exposures were considered
independently of COU-specific releases within exposure routes but were also aggregated across different
exposure routes when applicable (i.e., for human health). The totality of background exposure includes
steady-state environmental exposures from ongoing releases not associated with a particular COU, and
releases stemming from historical activities (Section 1.2.9) due to HBCD’s persistence in the
environment. Historical activities are past activities that may have released HBCD but no longer occur
(e.g., releases from a manufacturing plant before it stopped producing HBCD, residual indoor dust from
formerly owned HBCD-containing products, legacy disposal).
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In the absence of reasonably available information on product-specific releases, cumulative background
exposure was also used as a surrogate for assessing the COUs for use and disposal of formulated
products (e.g., adhesives and coatings) and articles (e.g., textiles, electrical and electronic products),
minor-use products, and articles which are no longer manufactured, processed, or distributed. While
EPA cannot determine COU-specific releases or exposures for these products/articles, they are expected
to contribute to background exposure and would therefore comprise a subset of the total background
exposure levels. The amount of HBCD in the subset of background exposure levels is unknown, but the
risk estimation of exposure to the total background levels of HBCD is an upper bound and therefore
constitute a conservative risk characterization for the two COUs.

EPA reviewed the environmental hazard data using the data quality review evaluation metrics and the
rating criteria described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018b). EPA concluded that HBCD poses a hazard to environmental aquatic and terrestrial receptors.
Hazard thresholds for aquatic organisms were derived using algae, fish and invertebrates, as a result of
acute and chronic exposures. Similarly, maize, earthworms, kestrel, osprey and rats were used to derive
hazard thresholds for terrestrial organisms due to both acute and chronic exposures to HBCD. The
results of the environmental hazard assessment are in Section 3.1.

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
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 2016¢), the TSCA Work Plan
Problem Formulation and Initial Assessment, (U.S. EPA 2015a), Preliminary Materials for the IRIS
Toxicological Review of HBCD (U.S. EPA 2014f) as well as other publications (U.S. EPA 2016e,
2014d; NICNAS 2012a; EC/HC 2011; EINECS 2008; U.S. EPA 2008a; OECD 2007).

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
scientific 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 considered for risk estimation based on the expected
exposure durations. The results of the human hazard assessment are in Section 3.2.

Risk Characterization

Environmental Risk: For environmental risk, EPA utilized a risk quotient (RQ) to compare the
environmental concentration to the effect level to characterize the risk to aquatic and terrestrial
organisms. As described in Section 3.1.5, the environmental hazard thresholds are based on
environmental hazard concentrations reported for both aquatic and terrestrial organisms. The algae
concentration of concern (COC) is based on observed reductions in growth rate as a result of a 72-hour
exposure to HBCD. The acute COC is based on delayed zebrafish embryo hatching as a result of a 96-
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hour exposure to HBCD. Finally the chronic COC for pelagic (water flea) and benthic (California
blackworm) invertebrates are based on reduced growth in surviving young and a reduction in worm
number, respectively. Hazard thresholds used to characterize risk for terrestrial soil organisms include
effects regarding reproduction and mortality in earthworms exposed to HBCD for 56 days.

HBCD is a persistent, bioaccumulative and toxic (PBT) chemical, and is expected to be present in
surface water, sediment and soil. To characterize HBCD exposure in aquatic and terrestrial
environments, both environmental modeling and monitoring data were used to provide media-specific
concentrations of HBCD. To characterize environmental risk associated with a COU, models were used
to estimate environmental concentrations of HBCD (e.g., surface water, sediment, soil via air
deposition), where the predicted HBCD releases associated with exposure scenarios depend on many
factors (e.g., days of release, HBCD half-life). Environmental monitoring information provides time
and geographically-specific snapshots of measured concentrations of HBCD that are not linked to a
specific, identified current or past industrial or commercial activity. Environmental monitoring
information supports the estimated HBCD concentrations associated with various conditions of use, and
both types of environmental exposure estimates are used to derive environmental risk. The results of the
risk characterization are in Section 4.1.4, and Table 4-25 summarizes the RQs for aquatic and terrestrial
organisms.

EPA identified the expected environmental exposures for aquatic and terrestrial species under the
conditions of use in the scope of the risk evaluation. Estimated releases from specific exposure scenarios
result in modeled surface water and sediment concentrations that exceed the aquatic benchmark (RQ >
1) for acute, chronic and/ or algae COC for every COU except for disposal, where only the chronic COC
for benthic invertebrates was not exceeded (acute, chronic and algae COCs for pelagic organisms were
exceeded and environmental risks were indicated). Furthermore, surface water and sediment HBCD
concentrations measured near industrial facilities also exceeded acute, chronic and/or algae COCs,
whereas those measured near general population sites did not. In regard to the characterization of risk to
terrestrial organisms, there were no HBCD soil concentrations attained from modeled or monitoring data
that exceeded the chronic COC. Details of these estimates are in Section 4.5.1.

Risks to aquatic organisms were identified for every COU with water releases, based on exceedances of
COC:s for pelagic and/or benthic organisms. EPA found it unlikely that there may be risks of concern for
terrestrial soil organisms based on the air releases of HBCD associated with the conditions of use.

Human Health Risks: Risks were estimated for all human receptors following both acute and chronic
exposure for representative endpoints from every hazard domain carried through to dose-response
analysis. Risks for acute exposures were only evaluated for developmental endpoints, while all
endpoints were evaluated for chronic risks. Risk conclusions were based on the most robust and
sensitive acute (offspring loss) and chronic (thyroid hormone effects) endpoints. Thyroid hormone
changes (both acute and chronic) are considered the primary effect resulting from HBCD exposure, as
they are associated with all of the other observed downstream endpoints.

EPA estimated potential non-cancer risks resulting from acute and chronic inhalation and dermal
exposures using a Margin of Exposure (MOE) approach. EPA estimated risks for workers under
several occupational exposure scenarios using scenario-specific assumptions regarding the expected
use of personal protective equipment (PPE) for respiratory and dermal exposures for workers directly
handling HBCD. More information on respiratory and dermal protection, including EPA’s approach
regarding the occupational exposure scenarios for HBCD, is in Section 2.4.1.
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For acute and chronic exposures via inhalation without PPE (i.e., no respirators), risks are indicated for
workers relative to the benchmarks for multiple occupational exposure scenarios (OES). There are risks
at both high-end and central tendency exposure levels relative to benchmark for four OES, and there are
risks based on high-end inhalation exposure levels for another six OES. With use of PPE during relevant
conditions of use, worker exposures were estimated to be reduced. This resulted in fewer conditions of
use with estimated acute, chronic non-cancer, or cancer inhalation or dermal risks. With use of
respiratory protection, non-cancer risks were not indicated for any conditions of use within the scope of
the risk evaluation. Specifically, when respirators are worn (APF 5, 10, or 50), risks are not indicated for
both acute and chronic exposure durations at both high-end and central tendency exposure levels.
Workers exposed through Installation or Demolition of XPS/EPS Foam Insulation are unlikely to wear
respiratory protection. Therefore, when considering assumed use of PPE, risks are indicated only for
those two OES. Risks were not indicated at either high-end or central tendency exposure levels for
Processing of HBCD to produce XPS foam using XPS Masterbatch, Occupational microenvironments,
and Recycling of electronics waste containing HIPS. Occupational non-users (ONUs) are assumed to
have lower exposure levels than workers in most instances but exposures could not be quantified.
Exposures are site-specific and are depended on several site-specific factors including engineering
controls, work practices, and particle size. Also, EPA did not identify any peer-reviewed models that can
be used to estimate exposures for ONUs for these specific scenarios.

For acute and chronic exposures via dermal contact without PPE (i.e., no gloves) risks are indicated for
workers relative to the benchmark for multiple OES, with risks at both high-end and central tendency
exposure levels for five OES. Risks are indicated based only on chronic exposure at the high-end
exposure level for a single OES, Use of flux/solder paste. EPA does not expect any level of dermal
exposure to HBCD following proper use of impervious gloves (Section 2.4.1.1). Therefore, risk
estimates are not provided, and risks are not identified for any exposure scenario when impervious
gloves are worn and used appropriately. EPA did not evaluate ONU dermal exposure to HBCD since
they are not expected to handle the chemical. ONUs are potentially exposed to HBCD dermally through
contact with surfaces where HBCD dust has settled but EPA did not quantify these risks due to minimal
exposure.

For the general population, EPA estimated non-cancer risks resulting from chronic aggregate
background exposure via all relevant pathways including dust, soil, indoor air, diet, and dermal
pathways (Section 4.2.3.1). Risks were also estimated based on a subset of aggregate background
exposures for workers in occupational microenvironments (Section 4.2.3.1.1). For the most sensitive
highly exposed general population (a Potentially Exposed or Susceptible Subpopulations (PESS) group
who are expected to live close to facility or residential HBCD sources, see Section 2.4.3), EPA
estimated non-cancer risks resulting from acute or chronic exposures via inhalation or fish ingestion
(Section 4.2.3.3). For highly exposed general population risk estimation, EPA incorporated summed
exposures from representative fish ingestion or air inhalation modeled exposures and the aggregate
central tendency general population biomonitoring-based exposures (representing background exposure)
for all other exposure routes. Risks were estimated based on the highest and representative moderate
exposure sub-scenarios representing variability in estimated releases and wastewater treatment. Risks
were also estimated for consumers based on indoor air and dust exposure and aggregated background
exposures from other routes. Risks were indicated relative to benchmark only for a single OES at the
highest exposure sub-scenario, via acute fish ingestion (Table 4-21). For all other exposure scenarios,
risk estimates were several fold above the benchmark and risk is not expected. Based on qualitative
consideration of the physical-chemical and fate characteristics as well as low concentrations in surface
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water and the absence of any monitored levels in drinking water, HBCD is not expected to be present in
drinking water. Therefore, risks were not identified for HBCD via drinking water exposure.

EPA additionally calculated distinct risk estimates for various PESS groups including subsistence fishers
(a group that ingests elevated levels of fish compared to the general population) and newborns less than
1 year old (who are not expected to ingest fish) based on chronic high-end aggregate background
exposure (Table 4-29). Additional details on risk considerations for all PESS groups are described in
Section 4.4.1. Risk estimates did not indicate risk relative to the benchmark for either of these two
highly-exposed receptor groups.

Uncertainties: Key assumptions and uncertainties in the environmental risk estimation are related to
data used for the characterization of environmental exposure (e.g., model input parameters, inability to
directly relate monitoring sites to conditions of use) and environmental hazard (e.g., selection of
representative organisms, allometric-scaling to estimate hazard thresholds for other organisms).
Additionally, the reasonably available environmental monitoring data was limited temporally and
geographically. Assumptions and key sources of uncertainty in the risk characterization are detailed in
Section 4.3.1.

For the human health risk estimation, key assumptions and uncertainties are related to the toxicokinetics
of HBCD, including high-end assumptions about dermal absorption and uncertainty whether existing
UFs sufficiently account for bioaccumulation in human tissues. Additional sources of uncertainty
related to human health hazard include the application of adult rodent thyroid hormone changes to
humans in a developmental context and the absence of reliable dose-response information for
developmental neurotoxicity endpoints. EPA also considered differing assumptions about PPE usage
for each OES which strongly influences the risk conclusions. Important assumptions and key sources of
uncertainty in the risk characterization are described in more detail in Section 4.3.2.

EPA’s assessments, risk estimations, and risk determinations account for uncertainties throughout the
risk evaluation. EPA used reasonably available information, in a fit-for-purpose approach, to develop a
risk evaluation that relies on the best available science and is based on the weight of the scientific
evidence. For instance, systematic review was conducted to identify reasonably available information
related to HBCD hazards and exposures. If no applicable monitoring data were identified, exposure
scenarios were assessed using a modeling approach that requires the input of various chemical
parameters and exposure factors. When possible, default model input parameters were modified based
on chemical-specific inputs available in literature databases. The consideration of uncertainties supports
the Agency’s risk determinations, each of which is supported by substantial evidence, as set forth in
detail in later sections of this final Risk Evaluation.

Potentially Exposed Susceptible Subpopulations

TSCA Section 6(b)(4) requires that EPA conduct Risk Evaluations to determine whether a chemical
substance presents unreasonable risk under the conditions of use, including unreasonable risk to a
potentially exposed or susceptible subpopulation identified as relevant to the Risk Evaluation. TSCA
Section 3(12) defines “potentially exposed or susceptible subpopulation as 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.”
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In developing the Risk Evaluation, EPA analyzed reasonably available information to ascertain whether
some human receptor groups may have greater exposure than the general population to the hazard posed
by HBCD. In consideration of the most highly exposed groups, EPA considered workers using HBCD
and ONUEs in the vicinity of HBCD to be PESS groups based on higher exposures than the general
population. Exposures of HBCD would also 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. These include the highly exposed general population, or individuals who are
expected to live close to facility sources (Section 2.4.3).

Based on the bioaccumulation of HBCD and partitioning to lipid, subpopulations with elevated body fat
or on a high-fat diet are of increased susceptibility and represent an important PESS group. Pregnant
women and women of reproductive age are another potentially exposed or susceptible subpopulation
based on the possibility of reproductive and developmental effects following exposure. Humans with
pre-existing health conditions or genetic predispositions related to any of the affected health domains are
also susceptible subpopulations, as they may experience HBCD toxicity at lower doses than the general
population.

EPA accounted for PESS in risk estimation by providing risk conclusions (Section 4.5.2) based on
the most sensitive receptor or lifestage (i.e., female workers of reproductive age for occupational
risk, the youngest relevant lifestage for general population and consumer risk) and consideration
of high end exposures (Table 4-27;
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Table 4-28). Estimated risks to additional highly-exposed PESS groups were also separately calculated
(Table 4-29).

Aggregate and Sentinel Exposures

Section 6(b)(4)(F)(ii) of TSCA requires the EPA, as a part of the Risk Evaluation, to describe whether
aggregate or sentinel exposures under the conditions of use were considered and the basis for their
consideration. The EPA has defined aggregate exposure as “the combined exposures to an individual
from a single chemical substance across multiple routes and across multiple pathways (40 CFR Section
702.33).” Exposures to HBCD were evaluated by inhalation and dermal routes separately for workers
and consumers. Inhalation and dermal exposures are assumed to occur simultaneously for workers and
consumers. EPA chose not to employ simple additivity of exposure pathways at this time within a COU
because of the uncertainties present in the current exposure estimation procedures that may lead to an
overestimate of exposure without the use of a PBPK model available for determining the effect on
internal dose estimates. For all general population exposure routes, background aggregate exposures for
all exposure routes were combined with specific modeled exposures for the pathway of interest (i.e., fish
ingestion, air inhalation, dust/indoor air, mouthing). Aggregating general population exposures is
appropriate because these background exposures are based on monitoring data and account for the
persistence of HBCD in biological tissues.

The EPA defines sentinel exposure as “the exposure to a single chemical substance that represents the
plausible upper bound of exposure relative to all other exposures within a broad category of similar or
related exposures” (40 CFR Section 702.33). In this Risk Evaluation, the EPA considered sentinel
exposure the highest exposure given the details of the conditions of use and the potential exposure
scenarios. EPA characterized high-end exposures in evaluating both modeled and monitored exposures
to various receptors. Sentinel exposures for workers are the high-end exposure levels with assumptions
of no PPE within each OES. In cases where sentinel exposures result in MOEs greater than the
benchmark, indicating that risk is not likely, EPA did no further analysis to refine the risk estimates
because sentinel exposures represent the worst-case scenario.

For additional discussion on incorporation of aggregate and sentinel exposures into the Risk Evaluation,
see Section 4.4.2.

Unreasonable 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. The
determination does not consider costs or other non-risk factors. In making this determination, EPA
considers 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 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, as determined by EPA); the severity of hazard (including the nature of the hazard, the
irreversibility of the hazard); and uncertainties. EPA also takes into consideration the Agency’s
confidence in the data used in the risk estimate. This includes an evaluation of the strengths, limitations,
and uncertainties associated with the information used to inform the risk estimate and the risk
characterization. The rationale for the unreasonable risk determination is in Section 5.2. The Agency’s
determinations are supported by substantial evidence, as set forth in detail in later sections of this final
Risk Evaluation. EPA did not exclude any activity determined to be a COU, and a risk determination
was made on all identified COUs.
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Unreasonable Risk of Injury to the Environment

Listed below are EPA’s determinations of unreasonable risk for specific conditions of use of HBCD
based on risks of exposure for aquatic and terrestrial organisms. To characterize the exposures to HBCD
by aquatic and terrestrial organisms, EPA considered modeled data to represent surface water and
sediment concentrations near facilities actively releasing HBCD to surface water, and soil
concentrations due to facilities actively releasing HBCD through air releases and deposition. Monitored
concentrations to represent ambient water, sediment and soil concentrations of HBCD were also
considered to characterize exposure of aquatic and terrestrial organisms to HBCD. EPA considered the
biological relevance of the species to determine the environmental hazard thresholds, as well as
frequency and duration of the exposures, and uncertainties given the different sources of information
used to characterize the hazard and exposure and derive risk quotients (RQ). For pelagic organisms,
EPA evaluated unreasonable risk of delayed hatching and reduced growth of juvenile organisms due to
acute and chronic exposures to HBCD, respectively. EPA evaluated algae risk separately from the
categorization of an acute or chronic exposure, and unreasonable risk of reduced algae growth was
evaluated. Based on the physical-chemical properties, HBCD partitions to sediment and soil. For benthic
organisms, EPA evaluated unreasonable risk of reduced reproduction due to chronic exposure to HBCD.
EPA also evaluated unreasonable risks of reduced reproduction and survival of soil organisms due to
chronic exposure to HBCD. EPA determined that the evaluation supports an unreasonable risk
determination to aquatic organisms (pelagic and benthic) for each condition of use of HBCD within the
scope of the Risk Evaluation but does not support unreasonable risk determinations for terrestrial soil
organisms.

Unreasonable Risk of Injury to Aquatic Organisms: EPA made unreasonable risk determinations for
risks to pelagic and benthic species due to HBCD exposures at high-end concentrations in both surface
water and sediment. The unreasonable risk determination applies to six of twelve conditions of use
within the scope of the Risk Evaluation.

No Unreasonable Risk of Injury to Terrestrial Organisms: The hazard endpoints for terrestrial organisms
in the Risk Evaluation are growth, reproduction, and thyroid hormone effects. Results of the evaluation
support a determination of no unreasonable risk to terrestrial organisms for all conditions of use of
HBCD within the scope of the Risk Evaluation.

No Unreasonable Risk of Injury to Health: EPA’s determinations of unreasonable risk for specific
conditions of use of HBCD listed below are based on health risks of exposure to HBCD for workers, the
general population, the highly exposed general population (fish consumption, air inhalation, and worst-
case aggregate infant (less than 1 year old) exposure), consumers, and other PESS. The hazard endpoint
for acute exposures is offspring loss and for chronic exposures, the endpoint is non-cancer thyroid
effects. Risks for cancer were not evaluated based on inadequate weight of scientific evidence for cancer
hazard (Section 3.2.4.2).

No Unreasonable Risk of Injury to Health of the General Population: As part of the problem formulation
for HBCD, EPA found that exposures to the general population may occur from the conditions of use
due to releases to air, water or land, and evaluated the risk of HBCD exposures to the general population
from multiple routes. EPA found no unreasonable risk for the general population or the highly exposed
general population from any of the conditions of use via exposures from ambient air, surface water,
biosolids, or sediments. Similarly, EPA determined that the evaluation does not support an unreasonable
risk determination to the general population of exposure to HBCD via drinking water based on a
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qualitative assessment of the physical chemical properties and fate of HBCD in the environment as well
as the absence of any detection of HBCD in monitored water samples.

In addition, EPA found that exposures to general population via disposal pathways fall under the
jurisdiction of other environmental statutes administered by EPA, i.e., SDWA (Safe Drinking Water
Act). As explained in more detail in Section 1.4.2, EPA believes it is both reasonable and prudent to
tailor TSCA risk evaluations when other EPA offices have expertise and experience to address specific
environmental media, rather than attempt to evaluate and regulate potential exposures and risks from
those media under TSCA. EPA believes that coordinated action on exposure pathways and risks
addressed by other EPA-administered statutes and regulatory programs is consistent with statutory text
and legislative history, particularly as they pertain to TSCA’s function as a “gap-filling” statute, and also
furthers EPA aims to efficiently use Agency resources, avoid duplicating efforts taken pursuant to other
Agency programs, and meet the statutory deadline for completing risk evaluations. EPA has therefore
tailored the scope of the risk evaluation for HBCD using authorities in TSCA Section 6(b) and 9(b)(1).

Unreasonable Risk of Injury to Health of Workers: The Risk Evaluation of non-cancer effects from
acute and chronic dermal and inhalation occupational exposures was the basis for EPA’s determination
of no unreasonable risk to workers’ health for eight conditions of use within the scope of the Risk
Evaluation. For two other COUs within the scope of the Risk Evaluation (Commercial/Consumer Use of
Building Materials (Installation) and Disposal (Demolition)), EPA determined there is unreasonable risk
to workers from inhalation exposure.

EPA generally assumes compliance with OSHA requirements for protection of workers, including the
implementation of the hierarchy of controls. In support of this assumption, EPA used reasonably
available information, including public comments, indicating that some employers, particularly in the
industrial setting, are providing appropriate engineering or administrative controls or PPE to their
employees consistent with OSHA requirements. EPA does not have reasonably available information to
support this assumption for each COU; however, EPA does not believe that the Agency must presume,
in the absence of such information, a lack of compliance with existing regulatory programs and
practices. Rather, EPA assumes there is compliance with worker protection standards unless case-
specific facts indicate otherwise, and therefore existing OSHA regulations for worker protection and
hazard communication will result in use of appropriate PPE in a manner that achieves the stated APF or
PF. EPA’s decisions for unreasonable risk to workers are based on high-end exposure estimates, in order
to account for the uncertainties related to whether or not workers are using PPE. EPA believes this is a
reasonable and appropriate approach that accounts for reasonably available information and professional
judgment related to worker protection practices, and addresses uncertainties regarding availability and
use of PPE.

For each COU of HBCD with an identified risk for workers, EPA assumes, as a baseline, the use of a
respirator with an APF of 5, 10, or 50. Similarly, EPA assumes the proper use of impervious gloves,
which is expected to completely prevent dermal exposures to HBCD. However, EPA assumes that for
some conditions of use, the use of appropriate respirators is not a standard industry practice, based on
best professional judgment given the burden associated with the use of supplied-air respirators,
including the expense of the equipment and the necessity of fit-testing and training for proper use. EPA
does not assume that as a standard industry practice that workers installing or demolishing XPS/EPS
insulation in buildings and structures wear respirators.

The unreasonable risk determinations incorporate consideration of the PPE that EPA assumes that
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workers use. A full description of EPA’s unreasonable risk determination for each condition of use is in
Section 5.2.

Unreasonable Risk of Injury to Health of Occupational Non-Users (ONUs): EPA expects that ONUs
have lower exposure levels than workers in most instances (Section 4) but exposures could not be
quantified, and EPA did not make unreasonable risk determinations for ONUs in most cases. For the two
conditions of use encompassing installation or demolition of building insulation for which EPA expects

that worker and ONU exposure are similar, EPA found unreasonable risk from these exposures to
HBCD.

No Unreasonable Risk of Injury to Health of Consumers: EPA evaluated non-cancer risks to consumers
from acute and chronic inhalation and ingestion exposures to indoor air and dust. These exposures were
associated with consumer use of products and articles in buildings and vehicles. In addition, EPA
assessed the risk to children from mouthing of articles made from recycled plastic containing HBCD.
EPA did not find unreasonable risk from this consumer exposure to HBCD.

Unreasonable Risk of Injury to Health of Potentially Exposed or Susceptible Subpopulations Not
Associated with Any Particular COU: Based on risk estimates of exposure to HBCD for various PESS
including subsistence fishers and newborns less than 1 year old, EPA did not find unreasonable risk of
exposure to HBCD.

Summary of Unreasonable Risk Determinations:

In conducting Risk Evaluations, “EPA will determine whether the chemical substance presents an
unreasonable risk of injury to health or the environment under each COU within the scope of the Risk
Evaluation...” 40 CFR 702.47. Pursuant to TSCA Section 6(i)(1), a determination of “no unreasonable
risk” shall be issued by order and considered to be a final agency action. Under EPA’s implementing
regulations, “[a] determination by EPA that the chemical substance, under one or more of the conditions
of use within the scope of the risk evaluation, does not present an unreasonable risk of injury to health or
the environment will be issued by order and considered to be a final Agency action, effective on the date
of issuance of the order.” 40 CFR 702.49(d).

EPA evaluated 12 conditions of use. EPA has determined that the following conditions of use of HBCD
do not present an unreasonable risk of injury to health or the environment. These determinations are
considered final agency action and is being issued by order pursuant to TSCA Section 6(i)(1). The
details of these determination are in Section 5.2 and the TSCA Section 6(i)(1) order is contained in
Section 5.4.1 of this final Risk Evaluation.

Conditions of Use that Do Not Present an Unreasonable Risk

e Processing: Recycling (of electronics waste containing high impact polystyrene (HIPS) that
contains HBCD)

e Distribution

e Commercial/Consumer Use: Other — Replacement Automobile Parts

o Commercial/Consumer Use: Other — Plastic and Other Articles

e Commercial/Consumer Use: Other — Formulated Products and Articles
e Disposal of Formulated Products and Articles
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EPA has determined that the following conditions of use of HBCD present an unreasonable risk of
injury to health and/or the environment. There is unreasonable risk of injury to the environment for the
six conditions of use below as well as unreasonable risk of injury to the health of workers for
commercial/consumer use of building/construction materials and for disposal (demolition). EPA will
initiate TSCA Section 6(a) risk management actions on these conditions of use as required under TSCA
Section 6(c)(1). Pursuant to TSCA Section 6(i)(2), the unreasonable risk determinations for these
conditions of use are not considered final agency action. The details of these determinations are in
Section 5.2.

Manufacturing That Presents an Unreasonable Risk to the Environment

e [Import

Processing that Presents an Unreasonable Risk to the Environment

e Processing: Incorporation into a Formulation, Mixture, or Reaction Products
e Processing: Incorporation into Article
e Processing: Recycling (of XPS and EPS foam, resin, and panels containing HBCD)

Commercial/Consumer* Use that Presents an Unreasonable Risk to Human Health and the
Environment

e Commercial/Consumer Use: Building/Construction Materials (Installation)

*Note: While commercial and consumer use was assessed as part of the same exposure scenario,
risks were quantified separately and no unreasonable risks to consumers were identified.

Disposal that Presents an Unreasonable Risk to Human Health and the Environment

e Disposal (Demolition)
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1 INTRODUCTION

This document is the final Risk Evaluation for HBCD under the Frank R. Lautenberg Chemical Safety
for the 21st Century Act. The Frank R. Lautenberg Chemical Safety for the 21st Century Act amended
the Toxic Substances Control Act (TSCA), the nation’s primary chemicals management law, on June 22,
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
2018g), 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. EPA received comments on the published Problem Formulation (U.S. EPA 2018g) for
HBCD and has considered the comments specific to HBCD, as well as more general comments
regarding EPA’s chemical Risk Evaluation approach for developing the Risk Evaluations for the first 10
chemicals EPA is evaluating.

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 environmental receptors, workers, consumers
and the general population. The mouthing of articles pathway was added to the conceptual model after
the published Problem Formulation based on review of reasonably available information. 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. EPA subsequently published a
draft Risk Evaluation for HBCD and has taken public and peer review comments.

At the beginning of the Risk Evaluation process for HBCD, EPA had information that a small
percentage of the chemical’s production volume was used in the processing of several products and
articles, including electronics (Use Document, EPA-HQ-OPPT-2016-0735-0003). Further
investigation led EPA to conclude that HBCD was no longer manufactured, processed, or distributed
for use in such products and articles. The uses of HBCD in such products and articles and the disposal
of those products and articles were therefore excluded from the evaluation as “legacy uses” and
“associated disposal,” respectively. In August 2019, EPA completed its draft Risk Evaluation on the
narrowed scope, and later that year, the court made its ruling in Safer Chemicals Healthy Families v.
U.S. Envtl. Prot. Because of the court ruling, as well as public and SACC review comments, EPA
conducted additional assessments on what would have been termed “legacy use”: general population
exposure to HBCD in dust and indoor air released from HBCD-containing products and articles that
are still in use but for which the manufacture, processing, and distribution for such use has ceased.

The conclusions, findings, and determinations in this final Risk Evaluation are for the purpose of
identifying whether the chemical substance presents unreasonable risk or no unreasonable risk under
the conditions of use, in accordance with TSCA Section 6, and are not intended to represent any
findings under TSCA Section 7.

As per EPA’s final rule, Procedures for Chemical Risk Evaluation Under the Amended Toxic
Substances Control Act (82 FR 33726 (July 20, 2017)), this Risk Evaluation was subject to both public
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comment and peer review, which are distinct but related processes. EPA provided 60 days for public
comment on any and all aspects of this 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 EPA
to provide public notice and an opportunity for comment on a draft Risk Evaluation prior to publishing a
final Risk Evaluation.

Peer review was conducted in accordance with EPA's regulatory procedures for chemical Risk
Evaluations, including using the £PA Peer Review Handbook and other methods consistent with the
science standards laid out in Section 26 of TSCA (See 40 CFR 702.45). As explained in the Risk
Evaluation Rule (82 FR 33726 (July 20, 2017)), the purpose of peer review is for the independent
review of the science underlying the risk assessment. Peer review will therefore 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 EPA explained in the Risk Evaluation Rule (82 FR 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 believed peer
reviewers were most effective in this role if they received the benefit of public comments on draft risk
evaluations prior to peer review. For this reason, and consistent with standard Agency practice, the
public comment period preceded peer review. The final risk evaluation changed 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 responded to public and peer review comments received on the
draft risk evaluation and explained changes made in response to those comments in this final risk
evaluation and the associated response to comments document.

In this final 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 draft Risk Evaluation. Section 1 also includes a
discussion of the systematic review process utilized in this final Risk Evaluation. Section 2 provides a
discussion and analysis of the exposures, both human and environmental, that can be expected based on
the conditions of use for HBCD. Section 3 discusses environmental and human health hazards of
HBCD. Risk characterization is presented in Section 4, which integrates and assesses the best available
science and “reasonably available information™* on environmental and human health 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 Risk Evaluation. In Section 0, the Agency presents the risk
determination of whether risks posed by the chemical substance under the conditions of use are
“‘unreasonable’’ as required under TSCA (15 U.S.C. 2605(b)(4)).

EPA also solicited input on the first 10 chemicals as it developed use documents, scope documents, and
problem formulations. At each step, 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

4 “Reasonably available information means information that EPA possesses or can reasonably generate, obtain, and
synthesize for use in risk evaluations, considering the deadlines specified in TSCA Section 6(b)(4)(G) for completing such
evaluation. Information that meets the terms of the preceding sentence is reasonably available information whether or not the
information is confidential business information, that is protected from public disclosure under TSCA Section 14.”
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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.

1.1 Physical and Chemical Properties

Physical and 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 scope development, EPA considered the measured or estimated
physical and chemical properties set forth in Table 1-1. EPA found no additional information throughout
the development of the Risk Evaluation that would change these values. Data evaluation results for
physical and chemical properties studies can be found in [Risk Evaluation for Cyclic Aliphatic Bromide
Cluster (HBCD) Systematic Review Supplemental File: Data Quality Evaluation of Physical-Chemical
Properties Studies (U.S. EPA 2019t)].

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, a-, B- and y-HBCD with the y-HBCD as main
component (>70%). The fate and biological effects of these compounds are stereoselective, and there is
limited data for the diastereomers. Technical HBCD may contain some impurities, such as
tetrabromocyclododecene or other isomeric HBCDs (UNEP 2010a), 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 Ci2Hi38Brs
Molecular weight 641.7 g/mole
Physical form White solid; odorless (EINECS 2008)
Melting point Ranges from approximately: (EINECS 2008) citing

172-184°C to 201-205°C (Smith et al. 2005)

Boiling point >190°C (decomposes) (Peled et al. 1995)
Density 2.24 g/cm? (EINECS 2008)
Vapor pressure 4.7E-07 mmHg at 21°C (Wildlife Intl 1997¢)
Vapor density Not readily available (EINECS 2008)
Water solubility 66 ng/L at 20°C (EINECS 2008) citing

(MacGregor and Nixon
2004)

Octanol:water partition coefficient
(log Kow)

5.625 at 25°C

(Wildlife Intl 1997a)

Henry’s Law constant

7.4E-06 atm-m?>/mole (calculated)

(U.S. EPA 2012b)

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

2Measured 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 obtained since the publication of that document. This
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
(COUgs) included in this final Risk Evaluation. The information and input received from the public,
stakeholder meetings and the additional contacts were incorporated into this section, as applicable.

1.2.2 Domestic Manufacture of HBCD

Domestic manufacture of HBCD ceased as of 2017 and is not intended, known, or reasonably foreseen
to occur, and is therefore not considered a COU in this final Risk Evaluation.
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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 2016d). These are the most recent CDR data available.
The data provides an overview of the historic trends in production volume of HBCD. For both CASRNSs,
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 2016d). ICL-IP 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 2016d) are provided in Table 1-2. 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.

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 (Ibs) |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
2016d).

U.S. manufacturers have indicated complete replacement of HBCD in their product lines (U.S. EPA
2017j) and that depletion of stockpiles and cessation of export was completed in 2017 based on
communications with recent manufacturers. According to the North American Flame Retardant Alliance
(NAFRA), “HBCD is no longer domestically manufactured or imported and NAFRA members have
worked with downstream users to transition to newer technologies that have an improved environmental,
health, and safety profile while also providing critical fire safety benefits” (ACC/North American Flame
Retardant Alliance, 2019).

Communication with Chemtura (now called 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.
The company does not intend to manufacture, import, or export HBCD in the future and has no existing
stockpiles (LANXESS 2017). 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 (XPS/EPS)
applications. Albemarle does not intend to import HBCD in the future (Albemarle 2017). Dow Chemical
developed the polymeric flame retardant that replaced HBCD for use in insulation boards used in
construction. It is licensed to other manufacturers including Albemarle, Chemtura, and Bromine
Compounds Limited (part of ICL Industrial Products); these companies sell the chemical under different
trade names. Consideration of the status of manufacturing, availability of viable substitutes and the
international regulatory focus on phasing out of domestic manufacturing, use and international trade in
HBCD has led EPA to conclude that domestic manufacturing of HBCD is not known, intended, or
reasonably foreseen to occur.
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In their public comment on the draft Risk Evaluation, the North American Flame Retardants Alliance
(NAFRA) of the American Chemistry Council stated that HBCD is no longer domestically
manufactured or imported and NAFRA members have worked with downstream users to transition to
newer technologies that have an improved environmental, health, and safety profile while also providing
critical fire safety benefits. NAFRA represents the former major manufacturers and importers of HBCD
and the possibility remains that small businesses are importing the chemical.

Table 1-3 below presents the various conditions under which a company must report to CDR (“x”
indicates reporting required) for the 2016 reporting period. 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), the reporting 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 concludes that manufacturing of HBCD is not reasonably
foreseen and therefore is excluded as a Condition of Use in this final 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 A5
. Subject to 25,000 1b. | Subject to 2,500 Ib certain full or NCLEE B ID?
TSCA Action . . . . small manufacturer
reporting threshold | reporting threshold | partial exemptions 3
. 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
TSCA section 5 civil actions X X X
TSCA section 6 rules
(proposed or promulgated) X X X
TSCA section 7 civil actions X X X

5 The definition of a small manufacturer varies depending on the sector.
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1.2.3 Importation of HBCD
In 2011, the total global production of HBCD was estimated at approximately31,000 metric tons in
2011, of which about 13,000 tons were produced in EU countries and in the United States, and 18,000
tons in China (UNEP 2011). This volume is expected to have decreased following the agreement by
parties to the United Nations Stockholm Convention on Persistent Organic Pollutants (POPs), in May
2013. Parties to the Convention will develop inventories of HCBD in the future (UNEP 2011).

The companies that previously reported HBCD import volumes to CDR have stated to EPA that they
permanently stopped their import 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). As noted above, Dow developed the polymeric flame
retardant called BlueEdge for use in construction insulation boards that replaced HBCD. It is licensed to
other manufacturers including Albemarle, Chemtura, and Bromine Compounds Limited (part of ICL
Industrial Products); these companies sell the chemical under different trade names.

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 has no remaining stockpiles of the chemical.
Styropek, another historic importer of HBCD based on CDR, has also indicated in its correspondences
with EPA that the company phased out the use of HBCD as a flame retardant in 2016.

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 to July 2020 when the last search was conducted for
this assessment as shown in Table 1-4. .

Table 1-4. U.S. Volume of Imports of HBCD, 2016 through July 2020

Year Total Import Volume (kgs) Number of Unique Consignees
2016 399,315 5
2017 46,096 1
2018-2020 (July ) 0 0
2One consignee did not declare their name.
Source(s): http://www.datamyne.com

Although there are a number of possible source countries for importation of HBCD to the United States,
under the United Nations 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
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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 when accessed in 2018, there were three Parties
registered for production for those uses and six Parties registered for use. In July 2020, two exemptions
remained in effect. The United States and approximately six other countries are not Parties to the
Convention (SCCH 2018c).

EPA has no direct evidence of current import of HBCD, however, there are several countries that have
not agreed to the Stockholm Convention HBCD ban or are not Parties to the Convention and therefore
can still export HBCD legally to the United States. Domestic firms could import quantities of up to
100,000 Ibs of HBCD per year without reporting to the CDR. Given these facts, EPA is considering the
import of HBCD to be known and/or reasonably foreseen and is including it as a COU in this final Risk
Evaluation.

1.2.4 Toxics Release Inventory Data on HBCD
Following the publication of the Problem Formulation 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
chemicals with special concern (see 40 CFR 372.28(a)(2)) and established a 100 1b reporting threshold.
Four facilities reported HBCD 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
(Flame Control Coatings, 2018). The fourth facility, Indium Corporation of America, continues to
process HBCD for use in the manufacture of solder paste (see more about this use in Section 1.2.5.3).

Table 1-5 provides production-related waste management data for HBCD reported by subject facilities
to the TRI program for reporting years 2017 and 2018’. In reporting year 2017, four facilities reported a
total of approximately 724 Ibs of HBCD waste managed. Of this total, zero lbs were recycled, 51 Ibs
were recovered for energy, 82 lbs were treated, and 591 lbs were disposed of or otherwise released into
the environment. In reporting year 2018, only one facility (Indium Corporation of America) reported to
the TRI program for HBCD.

¢ The HBCD category covers HBCD as identified through two primary Chemical Abstracts Service Registry Numbers
(CASRNSs): 3194-55-6 (1,2,5,6,9,10-hexabromocyclododecane) and 25637-99-4 (hexabromocyclododecane).

7 Reporting year 2017 was the first year available for HBCD and reporting year 2018 is the most recent TRI data year. Data
presented in Table 1-5 and Table 1-6 were queried using TRI Explorer and uses the 2018 National Analysis data set (released
to the public in November 2019).
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Table 1-5. Summary of HBCD TRI Production-Related Waste Managed from 2017-2018 (1bs)

Number of Energy Total Production
Year Facilities Recycling | Recovery | Treatment | Releases »¢ Related Waste
2017 44 0 51 82 591 724
2018 1 0 0 0 3.6 3.6

Data source: 2017-2018 TRI Data (Updated November 2019) (U.S. EPA 2017h).

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, and Indium
Corporation of America.

Table 1-6 provides a summary of HBCD TRI releases to the environment for the same reporting years as
Table 1-5. There were zero pounds of HBCD reported as released to water via surface water discharges,
and a total of 79 Ibs 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 lbs), and there was one pound of HBCD transferred to a waste broker for
disposal. In reporting year 2018, Indium Corporation of America reported one pound of stack air
emissions of HBCD and 2.6 1bs of HBCD sent off-site to a waste broker for disposal.
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Table 1-6. Summary of HBCD TRI Releases to the Environment from 2017-2018 (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 ®
77 2 0 0 511
Totals | 4. 0 1 591
2017 794 5114
1 0 0 0 0
Totals | 0 2.6 3.6
2018 1 0

Data source: 2017-2018 TRI Data (Updated November 2019) (U.S. EPA 2017h).

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.

® 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) from 2017-2018. 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 2017h).

1.2.5 Uses of HBCD
Descriptions of the industrial, commercial and consumer use categories identified from the 2016 CDR
(U.S. EPA 2016d) 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 Figure 1-1. 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 2016b).

1.2.5.1 Automobile 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 (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
Automobile Manufacturers in November 2018 after publication of the Problem Formulation. 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, 2018). A public comment by
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the Alliance of Automobile Manufacturers the following year (EPA-HQ-OPPT-2019-0237-0049) stated
that “data collected by Alliance members and submitted previously to EPA confirmed that HBCD is
present only in automotive replacement parts and is not found in production parts used in new vehicle
assembly. Our data also shows that HBCD is being phased out (or has already been phased out) of
replacement parts.” EPA includes the processing and use of HBCD in automobile replacement parts in
this final Risk Evaluation.

1.2.5.2 Expanded Polystyrene (EPS) and Extruded Polystyrene (XPS) Foam
Use in EPS and XPS foam had historically accounted for 95% of all HBCD applications(U.S. EPA
2014d; UNEP 2010a). Based on information from market reports (U.S. EPA 2017j), HBCD was used
primarily in construction materials, which may include structural insulated panels (SIPS).
“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 2010a; Weil and Levchik 2009). The building and construction
industry has used EPS and XPS foam thermal insulation boards and laminates for sheathing products.
HBCD is added to EPS and XPS foam in the form of a resin. 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 2006). 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 2006).

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.

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.

Although some of the industry comments on the draft Risk Evaluation indicate more certainty than
previous comments that the phaseout of HBCD is complete, the associations do not represent every
possible importer and processor of HBCD. There is a potential for import of HBCD in the form of a
resin 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 quantities of HBCD could be imported at volumes below the CDR reporting threshold 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 includes the processing and use of
HBCD in XPS and EPS insulation in the final Risk Evaluation.

1.2.5.3 Flux/Solder Paste
Following the publication of the HBCD Problem Formulation document (U.S. EPA 2018g), 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 submitted TRI reporting forms to the TRI
program for HBCD in reporting years 2017 and 2018. 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 unknown, EPA
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assumes it is greater than the TRI reporting threshold of 100 Ibs per year for HBCD. According to the
company, the amount of HBCD used varies depending on demand from customers. The company
purchased HBCD in a formulated mixture from a single supplier to manufacture flux and solder paste
(Indium 2018a). The supplier (HM Royal) informed EPA that they no longer sell HBCD. Indium
reported in 2017 to TRI that the maximum amount of HBCD on-site at any one point during the calendar
year was between 1000 to 9,999 lbs. In 2018, the amount reported was 10,000 to 99,000 Ibs.

In an email to EPA, Indium said they ship their products to their overseas facilities for the final mixing
step and for sales to electronics manufacturers in China and the United States. They said the company
does not sell directly to consumers, although the final consumer electronics products might be imported
into the United States. Also according to the representative, Indium no longer ships the HBCD-
containing products to the EU (Indium 2018a, b). Kester, another company, used HBCD in the past to
manufacture solder paste, but in a phone conversation with EPA indicated that they have discontinued
use (Kester 2018).

Based on the information above, EPA includes the processing of HBCD in the manufacture of solder
paste in this final 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. (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. (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.cfim

Nationwide Foam Recycling, which is owned by Conigliaro Industries, Inc., indicated that their plant
recycles all EPS insulation and reuses all XPS insulation (U.S. EPA 2017j). Once processed, their
recycled EPS roofing insulation is taken to polystyrene product manufacturers, notably picture frame
manufacturers, mostly in China. The company also delivers recycled roofing material to other local EPS
recycling plants that may use different processes. Nationwide Foam Recycling processes 90,000 lbs/year
of EPS standard packaging and 10,000 Ibs/year of EPS roofing material and estimated only about 10-
20% of EPS roofing material is recycled nationally (U.S. EPA 2017j). 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 reuse of XPS insulations boards for use in construction

materials is a COU in this final Risk evaluation. Recycling of a product containing a chemical

constitutes processing of the chemical, which is a COU. HBCD was broadly used in EPS and XPS

insulation boards historically, and recycled construction material would typically be required to meet
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fire resistant construction codes. EPA believes that this recycling of insulation materials occurs such that
the flame-retardant attributes of the insulation boards is maintained. EPA includes this recycling and the
use of HBCD in the recycled boards in the scope of this final Risk Evaluation. EPA also includes
consumer articles made from recycled HBCD-containing insulation boards based on experimental
product-testing information on HBCD content in consumer articles, and recognition that this as an
important pathway for infants and young children who may exhibit mouthing behaviors.

1.2.7 Recycling of Electronics Waste (E-Waste) Containing HIPS
While only anecdotal information is available indicating HBCD use in high impact polystyrene (HIPS)
in electronics occurred in the United States (Section 2.2), there are more substantial data from the EU
indicating a range of between 2 and 7 percent of HBCD production volume in Europe was historically
used in HIPS and that the majority of HIPS was used in electronics (Leisewitz et al., 2001; ECHA
2008b). This makes it likely that electronics products with HBCD-containing HIPS were imported into
the United States in past years. EPA believes that it is reasonably foreseen that HBCD will be finding its
way into recycling of electronics waste and therefore included a COU to Table 1-8: Processing —
Recycling — Recycling of electronics waste containing HIPS that contain HBCD.

1.2.8 Legacy Activities and Uses
For the first 10 risk evaluation chemicals (including HBCD), EPA initially excluded chemical uses for
which ongoing and prospective manufacturing, processing, and distribution had ceased; such uses were
referred to as “legacy use,” a term no longer used for risk evaluations. EPA also excluded “associated
disposal,” which meant “future disposal of a chemical substance that is no longer manufactured,
processed, or distributed for use.” (Risk Evaluation Rule, 82 FR at 33729.) In the final risk
determination, EPA did not exclude any activity determined to be a COU.

In developing the scope for HBCD, EPA learned that HBCD was no longer used to manufacture four
minor-use products or articles: adhesives, coatings, HIPS in electronics, and textiles® (evidence for use
in HIPS in electronics was anecdotal).” These so-called “legacy uses” were excluded from the scope
along with related activities or disposal in later stages of the chemical life cycle, such as commercial/
consumer use or disposal of HBCD-containing products and articles for which HBCD manufacture,
processing, and distribution for use in such products/articles has ceased. (Problem Formulation for
Cyclic Aliphatic Bromides Cluster, Section 1.2.7). The designation was published in the Problem
Formulation (Section 2.2.2.1) and draft Risk Evaluation (Section 1.2.7). EPA received public comments
stating that the HBCD risk evaluation should include “legacy use.” In 2019, the Ninth Circuit Court of
Appeals ruled that EPA cannot categorically exclude “legacy use” and “associated disposal” from risk
evaluations (Safer Chemicals, Healthy Families v. U.S. Envtl. Prot. Agency, 943 F.3d 397, 425 (9th Cir.
2019)).

8 Available information indicates that only a small amount of HBCD was used for these and other minor products and
articles. At least 95% of the total production volume was processed to manufacture XPS/EPS insulation. (CDR 2012). By
2018, a single company was identified as having processed HBCD in the manufacture of adhesives in the past and only one
company was found that had processed HBCD for coatings manufacturing. The evidence of past processing of HBCD
processed in HIPS for electronics articles was antecdotal. Use of HBCD to process consumer textiles had phased out by
2011.

° The draft Risk Evaluation also erroneously included other articles as no longer being manufactured with the use of HBCD.
These were children’s products (including toys and car seats) and furniture (such as bean bag chairs) (Draft Risk Evaluation
Section 2.2.2.1). In fact, HBCD’s search returned no reliable information that HBCD ever was used in the processing for these
articles (Problem Formulation, Section 2.2.2.1).
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Due to the court ruling, EPA reconsidered the HBCD-containing products and articles to determine if
additional COUs needed to be evaluated in the Risk Evaluation. The four minor-use products and
articles could still be in service, for example textiles containing HBCD may be in seating in public
buildings, and conveyances and electronics products or components in aircraft, office buildings,
residences, or other indoor environments. Migration of the HBCD from the products and articles can
expose occupants to HBCD in indoor air or dust. In addition, some items may be in the process of
disposal. So although they are no longer made and sold, the HBCD in the products and articles are still
conditions of use.

1.2.9 Historical Activities Resulting in Continued Exposures
In addition to the possibility of releases from use and disposal of products and articles that are no longer
manufactured, processed, or distributed, exposure can occur from historical activities not associated with
a current COU. This is due to HBCD’s expected persistence in the environment (Section 2.1.2.5).
HBCD may continue in environmental media and indoor dust long after the conclusion of a COU or a
product’s life cycle Exposure from these historical releases are accounted for in the background
exposure assessments performed for the environment (Section 2.3.2.1) and general population (Section
2.4.2). The measured levels of HBCD are not linked to specific sources and it is not reasonable to
attempt to estimate the quantity of HBCD, if any, that originated solely from HBCD-containing products
and articles which are no longer known, intended, or reasonably foreseen to occur.

1.2.10 Summary

Domestic manufacture of HBCD had ceased as of 2017 and is not intended, known, or reasonably
foreseen, and is therefore not a COU in this final Risk Evaluation.

Available import data indicate that there was import of HBCD in 2016 and 2017. Under the United
Nations 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; however, time-limited
exemptions for certain uses exist. Given these exemptions and the possibility that small firms could
import quantities of up to 100,000 Ibs of HBCD per year without being required to report to the CDR.
EPA includes the import of HBCD as a COU in this final Risk Evaluation.

Major automobile manufacturers have phased out use of HBCD in U.S. production of new automobiles
and parts but continue to use it in 155 replacement parts, according to a list provided to EPA by the
Alliance of Automobile Manufacturers. The Association was unable to confirm whether the 155 parts
are domestically manufactured or imported. EPA includes the use of HBCD in automobile replacement
parts in this final Risk Evaluation.

HCBD was extensively used in EPS and XPS foam insulation products used in the construction of
residential, public, commercial or other structures. Based on industry association data, manufacturers in
the United States are no longer using HCBD but a small percentage of EPS and XPS is probably made
using imported resin that could contain HCBD. Therefore, EPA includes the use of HBCD in XPS and
EPS insulation using imported HBCD in this final Risk Evaluation.

HBCD is used as a fluxing aid in solder paste, which is supplied to electronics manufacturers for use on
circuit boards. Therefore, EPA includes the processing of HBCD in the manufacture of flux/solder paste
in this final Risk Evaluation.

Based on current practices identified, the recycling of HBCD-containing EPS and XPS insulations
boards for use in construction materials is included as a COU in this final Risk Evaluation. EPA includes
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consumer articles made from recycled HBCD-containing insulation boards based on experimental
product-testing information on HBCD content in consumer articles.

HIPS for electrical and electronic appliances may have been imported into the United States in past
years. EPA believes that the use of HBCD in HIPS in electronics is an ongoing use and that these
products may still be present in recycling facilities or may be otherwise currently being used in a manner
that creates exposure potential. Recycling of HBCD containing HIPS in waste electronics is included as
a COU in this final Risk Evaluation. Aggregate exposure was applied for the general population and
consumers, incorporating background aggregate exposures for all exposure routes combined with
specific modeled exposures for the pathway of interest.

1.2.11 List of Conditions of Use
The four COUs added for the final Risk Evaluation are shown in bold.

1. Manufacture — Import

2. Processing — Incorporated into formulation, mixture, or reaction product — Flame retardants used
in custom compounding of resin (e.g., compounding in XPS masterbatch) and in solder paste

3. Processing — Incorporation 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)

4. Processing — Recycling — Recycling of XPS and EPS foam, resin, panels containing HBCD

5. Processing — Recycling — Recycling of electronics waste containing HIPS that contain
HBCD

6. Distribution

7. Commercial/Consumer Use — Building/construction materials — Plastic articles (hard):
construction and building materials covering large surface areas (e.g., XPS/EPS foam insulation
in residential, public and commercial buildings, and other structures) and solder paste

8. Commercial/Consumer Use — Other — Automobile replacement parts

9. Commercial/Consumer Use — Other — Plastic and other articles

10. Commercial/Consumer Use — Other — Formulated products and articles

11. Disposal — Disposal-- Other land disposal (e.g., Construction and demolition waste)

12. Disposal — Disposal-- Other land disposal (e.g., Formulated products and articles)

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.
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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.

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 Initial Risk Based Prioritization of High

Prevention (OCSPP), Office of Pollution Prevention and | Production Volume Chemicals.

Toxics (OPPT) Chemical/Category:
Hexabromocyclododecane (HBCD) (U.S.
EPA 2008a)

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 2015a)

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 2018g)

Other U.S.-based Organizations
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Authoring Organization Assessment

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 OECD SIDS Initial Assessment Profile
Development (OECD), Screening Information Data Set |(SIAP) (OECD 2007)
(SIDS)

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

United Nations Stockholm Convention on Persistent (UNEP 2010a)
Organic Pollutants (POPs)
Hexabromocyclododecane Risk Management
Evaluation (2011) (UNEP 2011)

Environment Canada and Health Canada Draft Screening Assessment of
Hexabromocyclododecane (EC/HC 2011)

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

1.4 Scope of the Evaluation

1.4.1 Conditions of Use Included in the Risk Evaluation

TSCA Section 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.”” To determine the conditions
of use of HBCD and inversely, activities that do not qualify as conditions of use, EPA conducted
extensive research and outreach, as described in detail in Problem Formulation Document for Cyclic
Aliphatic Bromide Cluster (HBCD) (U.S. EPA 2018g). Section 1.2 above summarizes these findings and
provides any additional information that was obtained since the publication of that document. EPA did
not evaluate activities that EPA concluded do not constitute conditions of use — for example, because
EPA has insufficient information to find certain activities are circumstances under which the chemical is
actually “intended, known, or reasonably foreseen to be manufactured, processed, distributed in
commerce, used, or disposed of.” EPA did not exclude from this final risk evaluation any use constituted
to be COU and a determination was made on each COU.
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Based on the information described in Section 1.2, EPA evaluated the importation of HBCD; processing
of HBCD into automobile replacement parts and use of HBCD in such parts; processing of HBCD into
solder paste and use of HBCD in solder paste; 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) and in plastic and other articles; distribution; disposal (demolition); and recycling of
XPS and EPS foam, resin, and panels containing HBCD and recycling of electronic waste containing
HIPS that contains HBCD.

Table 1-8 presents the conditions of use and associated exposure scenarios that are considered within the
scope of the Risk Evaluation during various life cycle stages including manufacturing, processing, use
(industrial, commercial, and consumer), distribution and disposal. 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.

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 2016d).

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 2016d).
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Table 1-8. Categories and Subcategories of Conditions of Use and Corresponding Exposure Scenario Included in the Scope of the

Risk Evaluation for HBCD @

Life Cycle Category * Subcategory P Occupational/ Enviroymental Consumer E).(posure References
Stage Exposure Scenario ¢ Scenario
Manufacture  |Import Import Section 2.4.1.2 — Repackaging of |N/A (U.S. EPA 2016d)
Import Containers (1)
Processing Incorporated into Flame retardants used in custom |Section 2.4.1.3 — Compounding of |N/A (EINECS 2008);
formulation, mixture |compounding of resin (e.g., Polystyrene Resin to Produce XPS (U.S. EPA 2017¢)
or reaction product compounding in XPS Masterbatch (2)
masterbatch) and in solder paste
Section 2.4.1.12 — Formulation of
Flux/Solder Pastes (11)
Incorporated into Flame retardants used in plastics | Section 2.4.1.4 — Processing of N/A Use Document, EPA-
article product manufacturing HBCD to produce XPS Foam using HQ-OPPT-2016-
(manufacture of XPS and EPS | XPS Masterbatch (3) 0735-0003; Market
foam; manufacture of structural Profile, EPA-HQ-
insulated panels (SIPS) and Section 2.2.5 — Processing of OPPT-2016-0735-
automobile replacement parts |HBCD to produce XPS Foam using 0049; (Alliance of
from XPS and EPS foam) HBCD Powder (4) Automobile
Manufacturers 2018a).
Section 2.4.1.6 — Processing of
HBCD to produce EPS Foam from
Imported EPS Resin Beads (5)
Section 2.4.1.7 — Processing of
HBCD to produce SIPs and
Automobile Replacement Parts
from XPS/EPS Foam (6)
Recycling Recycling of XPS and EPS Section 2.4.1.11 — Recycling of N/A Use Document, EPA-
foam, resin, panels containing |EPS Foam and Reuse of XPS Foam HQ-OPPT-2016-
HBCD (10) 0735-0003
Recycling of electronics waste |Section 2.4.1.14— Recycling of N/A Use Document, EPA-
containing HIPS that contain electronics waste containing HIPS HQ-OPPT-2016-
HBCD (13) 0735-0003
Distribution Distribution Distribution Activities related to distribution (e.g., loading, unloading) are considered throughout
the life cycle, rather than using a single distribution scenario.
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Life Cycle Category ® Subcategory b Occupational/ Envir()flmental Consumer E).(posure References
Stage Exposure Scenario ¢ Scenario
Commercial/ |Building/construction |Plastic articles (hard): Section 2.4.1.9 — Installation of Section 2.4.2.3 — Use Document, EPA-
consumer Use |materials construction and building XPS/EPS Foam Insulation in Consumer Exposures  |HOQ-OPPT-2016-
materials covering large surface |Residential, Public, and during Use of HBCD in |0735-0003; (U.S.
areas (e.g., XPS/EPS foam Commercial Buildings, and Other | XPS/EPS Insulation in |EPA 2016d); (U.S.
insulation in residential, public |Structures (8) Residences and Auto EPA 2014d)
and commercial buildings, and Components
other structures) and solder paste|Section 2.4.1.13 — Use of
Flux/Solder Pastes (12)
Other Automobile replacement parts  |Section 2.4.1.8 — Installation of Section 2.4.2.3 — (Alliance of
Automobile Replacement Parts (7) |Consumer Exposures  |Automobile
During Use of HBCD in|Manufacturers 2018a)
XPS/EPS Insulation in
Residences and Auto
Components
N/A
Plastic and other articles® Section 2.4.4.4 — (Abdallah et al. 2018;
Mouthing of Articles | Vojta et al. 2017)
Containing HBCD
Formulated products (e.g., Section 2.4.2.2.6 — Occupational  |Section 2.4.2 — General
adhesives and coatings) and Microenvironments (Workers); Population Background
articles (e.g., textiles, electrical |Section 2.4.2 — General Population |Exposure (Consumers)
and electronic products) Background Exposure (General
Population and Consumers)
Section 2.3.2.1 — Non-Scenario
Specific Approach (Environmental,
Aquatic organisms);
Section 2.3.3.1 and 2.3.3.3 — Non-
Scenario Specific Approach
(Environmental;
Terrestrial organisms)
Disposal Disposal Land disposal of construction  |Section 2.4.1.10 — Demolition and |N/A (EINECS 2008)

and demolition waste

Disposal of XPS/EPS Foam
Insulation Products in Residential,
Public and Commercial Buildings,
and Other Structures (9)
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Occupational/ Environmental| Consumer Exposure
Exposure Scenario ¢ Scenario

Land disposal of formulated Section 2.4.5.3 — Occupational

products (e.g., adhesives and Exposure Associated with Land

Life Cycle
Stage

Category * Subcategory ? References

coatings) and articles (e.g., Disposal of Formulated Products
textiles, electrical and electronic |and Articles (Workers);
products) Section 2.4.2 — General Population

Background Exposure (General
Population and Consumers);
Section 2.3.2.1 — Non-Scenario
Specific Approach (Environmental)

2 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 commercial
settings.

b These subcategories reflect more specific uses of HBCD.

¢ Exposure scenarios are numbered in parentheses. This numbering will be referred to throughout the document, including for exposure subscenarios (e.g., 3.1, 3.2, etc.)

4 This COU was inadvertently omitted from Table 1-8 in the draft Risk evaluation.
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MFG/IMPORT PROCESSING INDUSTRIAL, COMMERCIAL, CONSUMER USES RELEASES and WASTE DISPOSAL

F U F

Formulated products and articles
(e.g., textiles, adhesives, coatings
electrical and electronic products)

- - ‘ Plastic and other articles ‘
Incorporated into Formulation,

Mixture, or Reaction Product ‘
(2016 CDR Volume CBI)

= compounding of XPS masterbatch

« formulation of solder/flux paste ‘ Automobile Replacement Parts ‘

Disposal
-| Import of HBCD |—-> Demolition

N

Solder/Flux Paste ‘

- . Building/Construction Materials
Incorporated into Article N
(2016 CDR Volume CBI) insulation material for residential, public and d
manufacture of XPS and EPS, commercial buildings or other structures
manufacture of SIPs and automobile
replacement parts from XPS and EPS T Reuse

FN

F 9

| Recycling (EPS foam, HIPS)

I:I Manufacture (Includes Import) I:I Processing I:I Uses: Industrial, Commercial or Consumer.

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 Exposure Pathways and Risks Addressed by other EPA Administered Statutes
In its TSCA section 6(b) risk evaluations, EPA is coordinating action on certain exposure pathways and
risks falling under the jurisdiction of other EPA-administered statutes or regulatory programs. More
specifically, EPA is exercising its TSCA authorities to tailor the scope of its risk evaluations, rather than
focusing on environmental exposure pathways addressed under other EPA-administered statutes or
regulatory programs or risks that could be eliminated or reduced to a sufficient extent by actions taken
under other EPA-administered laws. EPA considers this approach to be a reasonable exercise of the
Agency’s TSCA authorities, which include:

» TSCA section 6(b)(4)(D): “The Administrator shall, not later than 6 months after the initiation of
a risk evaluation, publish the scope of the risk evaluation to be conducted, including the hazards,
exposures, conditions of use, and the potentially exposed or susceptible subpopulations the
Administrator expects to consider...”

TSCA section 9(b)(1): “The Administrator shall coordinate actions taken under this chapter with
actions taken under other Federal laws administered in whole or in part by the Administrator. If
the Administrator determines that a risk to health or the environment associated with a chemical
substance or mixture could be eliminated or reduced to a sufficient extent by actions taken under
the authorities contained in such other Federal laws, the Administrator shall use such authorities to
protect against such risk unless the Administrator determines, in the Administrator’s discretion,
that it is in the public interest to protect against such risk by actions taken under this chapter.”

TSCA section 9(e): “...[I]f the Administrator obtains information related to exposures or releases
of a chemical substance or mixture that may be prevented or reduced under another Federal law,
including a law not administered by the Administrator, the Administrator shall make such
information available to the relevant Federal agency or office of the Environmental Protection
Agency.”

TSCA section 2(c): “It is the intent of Congress that the Administrator shall carry out this chapter
in a reasonable and prudent manner, and that the Administrator shall consider the environmental,
economic, and social impact of any action the Administrator takes or proposes as provided under
this chapter.”

TSCA section 18(d)(1): “Nothing in this chapter, nor any amendment made by the Frank R.
Lautenberg Chemical Safety for the 21st Century Act, nor any rule, standard of performance, risk
evaluation, or scientific assessment implemented pursuant to this chapter, shall affect the right of a
State or a political subdivision of a State to adopt or enforce any rule, standard of performance,
risk evaluation, scientific assessment, or any other protection for public health or the environment
that— (i) 1s adopted or authorized under the authority of any other Federal law or adopted to
satisfy or obtain authorization or approval under any other Federal law...”

1.4.2.1 TSCA Authorities Supporting Tailored Risk Evaluations and Intra-agency
Referrals
TSCA section 6(b)(4)(D)
TSCA section 6(b)(4)(D) requires EPA, in developing the scope of a risk evaluation, to identify the
hazards, exposures, conditions of use, and potentially exposed or susceptible subpopulations the Agency
“expects to consider” in a risk evaluation. This language suggests that EPA is not required to consider
all conditions of use, hazards, or exposure pathways in risk evaluations. As EPA explained in the
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“Procedures for Chemical Risk Evaluation Under the Amended Toxic Substances Control Act” (“Risk
Evaluation Rule”’), EPA may, on a case-by-case basis, tailor the scope of the risk evaluation “to focus its

analytical efforts on those exposures that are likely to present the greatest concern, and consequently
merit an unreasonable risk determination.” 82 FR 33726, 33729 (July 20, 2017).

In the Problem Formulation documents for many of the first 10 chemicals undergoing risk evaluation,
EPA applied the same authority and rationale to certain exposure pathways, explaining that “EPA is
planning to exercise its discretion under TSCA 6(b)(4)(D) to focus its analytical efforts on exposures
that are likely to present the greatest concern and consequently merit a risk evaluation under TSCA, by
excluding, on a case-by-case basis, certain exposure pathways that fall under the jurisdiction of other
EPA-administered statutes.” This approach is informed by the legislative history of the amended TSCA,
which supports the Agency’s exercise of discretion to focus the risk evaluation on areas that raise the
greatest potential for risk. See June 7, 2016 Cong. Rec., S3519-S3520. Consistent with the approach
articulated in the Problem Formulation documents, and as described in more detail below, EPA is
exercising its authority under TSCA to tailor the scope of exposures evaluated in TSCA risk evaluations,
rather than focusing on environmental exposure pathways addressed under other EPA-administered,
media-specific statutes and regulatory programs.

TSCA section 9(b)(1)

In addition to TSCA section 6(b)(4)(D), the Agency also has discretionary authority under the first
sentence of TSCA section 9(b)(1) to “coordinate actions taken under [TSCA] with actions taken under
other Federal laws administered in whole or in part by the Administrator.” This broad, freestanding
authority provides for intra-agency coordination and cooperation on a range of “actions.” In EPA’s
view, the phrase “actions taken under [TSCA]” in the first sentence of section 9(b)(1) is reasonably read
to encompass more than just risk management actions, and to include actions taken during risk
evaluation as well. More specifically, the authority to coordinate intra-agency actions exists regardless
of whether the Administrator has first made a definitive finding of risk, formally determined that such
risk could be eliminated or reduced to a sufficient extent by actions taken under authorities in other
EPA-administered Federal laws, and/or made any associated finding as to whether it is in the public
interest to protect against such risk by actions taken under TSCA. TSCA section 9(b)(1) therefore
provides EPA authority to coordinate actions with other EPA offices without ever making a risk finding
or following an identification of risk. This includes coordination on tailoring the scope of TSCA risk
evaluations to focus on areas of greatest concern rather than exposure pathways addressed by other
EPA-administered statutes and regulatory programs, which does not involve a risk determination or
public interest finding under TSCA section 9(b)(2).

In a narrower application of the broad authority provided by the first sentence of TSCA section 9(b)(1),
the remaining provisions of section 9(b)(1) provide EPA authority to identify risks and refer certain of
those risks for action by other EPA offices. Under the second sentence of section 9(b)(1), “[i]f the
Administrator determines that a risk to health or the environment associated with a chemical substance
or mixture could be eliminated or reduced to a sufficient extent by actions taken under the authorities
contained in such other Federal laws, the Administrator shall use such authorities to protect against such
risk unless the Administrator determines, in the Administrator’s discretion, that it is in the public interest
to protect against such risk by actions taken under [TSCA].” Coordination of intra-agency action on
risks under TSCA section 9(b)(1) therefore entails both an identification of risk, and a referral of any
risk that could be eliminated or reduced to a sufficient extent under other EPA-administered laws to the
EPA office(s) responsible for implementing those laws (absent a finding that it is in the public interest to
protect against the risk by actions taken under TSCA).
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Risk may be identified by OPPT or another EPA office, and the form of the identification may vary. For
instance, OPPT may find that one or more conditions of use for a chemical substance present(s) a risk to
human or ecological receptors through specific exposure routes and/or pathways. This could involve a
quantitative or qualitative assessment of risk based on reasonably available information (which might
include, e.g., findings or statements by other EPA offices or other federal agencies). Alternatively, risk
could be identified by another EPA office. For example, another EPA office administering non-TSCA
authorities may have sufficient monitoring or modeling data to indicate that a particular COU presents
risk to certain human or ecological receptors, based on expected hazards and exposures. This risk
finding could be informed by information made available to the relevant office under TSCA section
9(e), which supports cooperative actions through coordinated information-sharing.

Following an identification of risk, EPA would determine if that risk could be eliminated or reduced to a
sufficient extent by actions taken under authorities in other EPA-administered laws. If so, TSCA
requires EPA to “use such authorities to protect against such risk,” unless EPA determines that it is in
the public interest to protect against that risk by actions taken under TSCA. In some instances, EPA may
find that a risk could be sufficiently reduced or eliminated by future action taken under non-TSCA
authority. This might include, e.g., action taken under the authority of the Safe Drinking Water Act
(SDWA) to address risk to the general population from contaminants in drinking water, particularly if
the Office of Water has taken preliminary steps such as listing the subject chemical substance on the
Contaminant Candidate List. This sort of risk finding and referral could occur during the risk evaluation
process, thereby enabling EPA to use a more relevant and appropriate authority administered by another
EPA office to protect against hazards or exposures to affected receptors.

Legislative history on TSCA section 9(b)(1) supports both broad coordination on current intra-agency
actions, and narrower coordination when risk is identified and referred to another EPA office for action.
A Conference Report from the time of TSCA’s passage explained that section 9 is intended “to assure
that overlapping or duplicative regulation is avoided while attempting to provide for the greatest
possible measure of protection to health and the environment.” S. Rep. No. 94-1302 at 84. See also H.
Rep. No. 114-176 at 28 (stating that the 2016 TSCA amendments “reinforce TSCA’s original purpose of
filling gaps in Federal law,” and citing new language in section 9(b)(2) intended “to focus the
Administrator's exercise of discretion regarding which statute to apply and to encourage decisions that
avoid confusion, complication, and duplication”). Exercising TSCA section 9(b)(1) authority to
coordinate on tailoring TSCA risk evaluations is consistent with this expression of Congressional intent.

Legislative history also supports a reading of section 9(b)(1) under which EPA coordinates intra-agency
action, including information-sharing under TSCA section 9(e), and the appropriately-positioned EPA
office is responsible for the identification of risk and actions to protect against such risks. See, e.g.,
Senate Report 114-67, 2016 Cong. Rec. S3522 (under TSCA section 9, “if the Administrator finds that
disposal of a chemical substance may pose risks that could be prevented or reduced under the Solid
Waste Disposal Act, the Administrator should ensure that the relevant office of the EPA receives that
information”); H. Rep. No. 114-176 at 28, 2016 Cong. Rec. S3522 (under section 9, “if the
Administrator determines that a risk to health or the environment associated with disposal of a chemical
substance could be eliminated or reduced to a sufficient extent under the Solid Waste Disposal Act, the
Administrator should use those authorities to protect against the risk™). Legislative history on section
9(b)(1) therefore supports coordination with and referral of action to other EPA offices, especially when
statutes and associated regulatory programs administered by those offices could address exposure
pathways or risks associated with conditions of use, hazards, and/or exposure pathways that may
otherwise be within the scope of TSCA risk evaluations.
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TSCA sections 2(c) and 18(d)

Finally, TSCA sections 2(c) and 18(d) support coordinated action on exposure pathways and risks
addressed by other EPA-administered statutes and regulatory programs. Section 2(c) directs EPA to
carry out TSCA in a “reasonable and prudent manner” and to consider “the environmental, economic,
and social impact” of its actions under TSCA. Legislative history from around the time of TSCA’s
passage indicates that Congress intended EPA to consider the context and take into account the impacts
of each action under TSCA. S. Rep. No. 94-698 at 14 (“the intent of Congress as stated in this
subsection should guide each action the Administrator takes under other sections of the bill”).

Section 18(d)(1) specifies that state actions adopted or authorized under any Federal law are not
preempted by an order of no unreasonable risk issued pursuant to TSCA section 6(i)(1) or a rule to
address unreasonable risk issued under TSCA section 6(a). Thus, even if a risk evaluation were to
address exposures or risks that are otherwise addressed by other federal laws and, for example,
implemented by states, the state laws implementing those federal requirements would not be preempted.
In such a case, both the other federal and state laws, as well as any TSCA section 6(i)(1) order or TSCA
section 6(a) rule, would apply to the same issue area. See also TSCA section 18(d)(1)(A)(ii1). In
legislative history on amended TSCA pertaining to section 18(d), Congress opined that “[t]his approach
is appropriate for the considerable body of law regulating chemical releases to the environment, such as
air and water quality, where the states have traditionally had a significant regulatory role and often have
a uniquely local concern.” Sen. Rep. 114-67 at 26.

EPA’s careful consideration of whether other EPA-administered authorities are available, and more
appropriate, for addressing certain exposures and risks is consistent with this Congressional intent to
maintain existing federal requirements and the state actions adopted to locally and more specifically
implement those federal requirements, and to carry out TSCA in a reasonable and prudent manner. EPA
believes it is both reasonable and prudent to tailor TSCA risk evaluations in a manner reflective of
expertise and experience exercised by other EPA and State offices to address specific environmental
media, rather than attempt to evaluate and regulate potential exposures and risks from those media under
TSCA. This approach furthers Congressional direction and EPA aims to efficiently use Agency
resources, avoid duplicating efforts taken pursuant to other Agency programs, and meet the statutory
deadline for completing risk evaluations.

1.4.2.2 EPA-administered Statutes and Regulatory Programs that Address Specific
Exposure Pathways and/or Risks

HBCD is not classified as a RCRA hazardous waste. HBCD containing solid wastes are not expected to
be sent to Subtitle C incinerators, because HBCD is not a hazardous waste and due to the higher cost of
such incineration as compared with MSW or other incinerators; therefore, emissions from hazardous
waste incinerators were not evaluated. However, it is possible that HBCD containing solid wastes could
be sent to Subtitle C incinerators due to other characteristics of an HBCD containing solid waste
mixture.

EPA did not evaluate on-site releases to land that go to underground injection or associated exposures to
the general population or terrestrial species in its risk evaluation. Environmental disposal of HBCD
injected into Class I well types are covered under the jurisdiction of SDWA and disposal of HBCD via
underground injection is not likely to result in environmental and general population exposures. See 40
CFR part 144.
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HBCD solid wastes are not required to be disposed of in Subtitle C hazardous waste landfills, however it
is possible that HBCD wastes could be disposed this way due to other characteristics of an HBCD
containing solid waste mixture. Design standards for Subtitle C landfills require double liner, double
leachate collection and removal systems, leak detection system, run on, runoff, and wind dispersal
controls, and a construction quality assurance program. They are also subject to closure and post-closure
care requirements including installing and maintaining a final cover, continuing operation of the leachate
collection and removal system until leachate is no longer detected, maintaining and monitoring the leak
detection and groundwater monitoring system. Bulk liquids may not be disposed in Subtitle C landfills.
Subtitle C landfill operators are required to implement an analysis and testing program to ensure
adequate knowledge of waste being managed, and to train personnel on routine and emergency
operations at the facility. Hazardous waste being disposed in Subtitle C landfills must also meet RCRA
waste treatment standards before disposal. See 40 CFR part 264.

EPA did not evaluate on-site releases to land from RCRA Subtitle C hazardous waste landfills or
exposures of the general population or terrestrial species from such releases in the evaluation. Hazardous
waste landfill design and management controls such as coverings, liners, and leachate collection and
treatment are expected to adequately mitigate HBCD exposure, therefore, on-site releases to land and
exposures of the general population or terrestrial species were not evaluated.

As HBCD is not classified as a RCRA hazardous waste, HBCD containing solid waste may be sent to
RCRA Subtitle D municipal solid waste (MSW) landfills particularly for construction demolition
disposal. The bulk of the HBCD containing solid waste is due to demolished XPS/EPS foam insulation
materials, which would be considered demolition waste. Demolition waste can be sent to MSW landfills,
but is expected to be primarily sent to C&D landfills. EPA is not evaluating on-site releases to land from
RCRA Subtitle D municipal solid waste (MSW) landfills or exposures of the general population or
terrestrial species from such releases in the TSCA evaluation. While permitted and managed by the
individual states, municipal solid waste landfills are required by federal regulations to implement some
of the same requirements as Subtitle C landfills. MSW landfills generally must have a liner system with
leachate collection and conduct groundwater monitoring and corrective action when releases are
detected. MSW landfills are also subject to closure and post-closure care requirements and must have
financial assurance for funding of any needed corrective actions. MSW landfills have also been designed
to allow for the small amounts of hazardous waste generated by households and very small quantity
waste generators (less than 220 1bs per month). Bulk liquids, such as free solvent, may not be disposed
of at MSW landfills. See 40 CFR part 258.

RCRA Subtitle D municipal solid waste (MSW) landfill design and management controls are expected
to adequately mitigate HBCD exposure, therefore, on-site releases to land and exposures of the general
population or terrestrial species were not evaluated. A qualitative assessment of leachate was conducted
to account for potential releases and exposures from disposal of demolition materials containing HBCD.
Since demolition waste can be sent to MSW landfills, but is expected to be primarily sent to C&D
landfills the qualitative assessment of leachate covers the disposal of HBCD to landfills including C&D.

1.4.3 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 2017e). The conceptual models indicate potential exposures resulting from consumer
activities and uses, industrial and commercial activities, and environmental releases and wastes. The
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problem formulation documents refined the initial conceptual models and analysis plans that were
provided in the scope documents (U.S. EPA 2018f).

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). 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 Figure 1-4).

EPA has made four 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 COU 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 infants and 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 2.4.4.4. for a more detailed discussion of this
exposure scenario.

The last change was the addition of the formulated products and articles as a COU as discussed in
Section 1.2.8.

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
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(see Figures 1-4 and 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.

2 Receptors include potentially exposed or susceptible subpopulations.
b EPA also considers the effect that engineering controls and personal protective equipment have on occupational exposure levels.
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COMSUMER ACTIVITIES / USES EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS® HAZARDS
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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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RELEASES AND WASTES FROM EXPOSURE PATHWAY EXPOSURE ROUTE RECEPTORS" HAZARDS
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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.

? 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
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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 when making science-based
decisions under Section 6 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 Section 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
2018b, c). 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 (Risk Evaluation Rule, 82 FR
33726).

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 modified the process to ensure that the identification, screening,
evaluation and integration of data and information can support timely regulatory decision making under
the 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). The screening strategy served to identify relevant studies
and exclude only those that were not pertinent to risk assessment of the chemical. No studies were
excluded at this step based on data quality evaluation, because only relevant studies were carried
forward for data quality evaluation.

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,
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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
text screening for HBCD are available in Appendix E of the Problem Formulation Document (U.S. EPA

2018g).

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 in which 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

10 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.

! 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).

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

evaluation.
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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
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. This allowed 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.

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 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
Risk Evaluation as described above. These data sources are depicted as “key/supporting data sources” in
the literature flow diagrams. 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 [ : 1 Excluded References
=17
Data Sources (n=3) Rata Screening (0=1,770) J (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
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.
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* 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.

( Data Search Results (n=1847) )
Data Screening (n=1847) Excluded References (n=1754)
niz
N

Key/supporting . < & Excluded: Ref that are

data sources Data Extraction/Data Evaluation (n=128) unacceptable based on
(n=35) ) evaluation criteria (n=39)

: = *Data Sources that were not

{ Data Integration (n=33) } integrated (n=56)

*The quality of data in these sources (n=56) were acceptable for risk evaluation purposes, but they were ultimately
excluded from further consideration based on EPA's integration approach for environmental release and occupational
exposure data/information. EPA's approach uses a hierarchy of preferences that guide decisions about what types of

data/information 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 (i.e., data > modeling > occupational exposure limits or release limits). If warranted
EPA may use data/information 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

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
35 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.
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>

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

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 2018c). Following the evaluation process, 345 references were
forwarded for further extraction and data integration.
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[ Data Search Resuits (n = 630)

!

Excluded References due to
Title/Abstract Screening (n = 628) ECOTOX Criteria
(n=484)
Excluded References due to
Full Text Screening (n = 144) ECOTOX Criteria
(n=92)
) Excluded References that are
Key/Supporting ) unacceptable based
Studies Data Evaluation (n = 54) on evaluation criteria and/or are
(h=2) out of scope

i (n=6)

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

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

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
2018e)). Additional details can be found in the Strategy for Conducting Literature Searches for
Hexabromocyclododecane Supplemental Document to the TSCA Scope Document (U.S. EPA 2018h).

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

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.

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 2018b), 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 2018h).
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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 Risk Evaluation for Cyclic Aliphatic Bromide Cluster
(HBCD), Supplemental Information on General Population, Environmental, and Consumer Exposure
Assessment.

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,

e 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 2015a, 2014d; NICNAS 2012a; EC/HC 2011;
EINECS 2008; U.S. EPA 2008a; OECD 2007) 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 2018b). 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 risk
evaluation 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
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of an HBCD aerobic freshwater sediment biodegradation study (Davis et al. 2006) based on the data
quality criteria described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA
2018b) 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 2012b), a predictive tool for physical/chemical
and environmental fate properties. The data evaluation table describing the review of these studies as
well as other studies included in Table 2-1can be found in the supplemental document, Data Quality
Evaluation of Environmental Fate and Transport Studies (U.S. EPA 20191).

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 2018g) and presented
again in Appendix C. 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 2015a) NA

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

decrease in total initial radioactivity in abiotic
freshwater sediment of 14C-labeled HBCD (4.67 High
mg/kg dry weight) after 112 days; method based
on OECD 308
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Property

Value

Reference

Study Quality

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

(Davis et al. 2006)

High

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

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 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

(Davis et al. 2005)

High

High

High

High
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Property Value Reference Study Quality
' . Log Koc =4.9 (79,433) estimated (U.S. EPA 2015a) NA
Soil organic -
carbon:water Log Ko > 5 (> 100,000) OECD Guideline 121
partition coefficient | Estimation of the Adsorption Coefficient (Koc) on (ECHA 2017a) High

(log Koc) Soil and on Sewage Sludge using High
Performance Liquid Chromatography (HPLC)

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 (He et al. 2013) High
water concentration.

Field Measured | v, o ioht BAF 290,880

Bioaccumulation

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 and the HBCD dissolved (Wu etal. 2011) High
water concentration.

Wet weight BAF 46,488

fathead minnow 18,100 (whole body) (Veith et al. 1979) High

*BCF (steady state, edible portion) rainbow trout
Bioconcentration | 4650 at 1.8 ug/L exposure concentration) Drottar (Wildlife Intl

Factor (BCF) BCF rainbow trout (kinetic, edible portion) 2000) as cited in High
14,039 calculated at 0.18 pg/L exposure (ECHA 2008b)
concentration)

*HBCD exposure concentrations 1.8 and 0.18 pug/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 1.5x10° 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 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) 0of >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 610 atm-m?/mol at 25
°C, calculated based on a vapor pressure of 4.70x107 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 acrobic biodegradation in the water column may not be rapid
(Wildlife Intl 1996).
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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 et al. 2006) and
(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) (see
Figure 2-1). 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).

2.1.2.4 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) measured influent and effluent
concentrations of HBCD diastereoisomers 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
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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 processes 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. 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 biodegrade 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 B- 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, (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
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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)
(ECHA 2008b), Environment Canada/Health Canada (EC/HC 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 fulfill 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 provides 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 Technical Guidance Document (TGD; ECB
2003).

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 United Nations Stockholm Convention on Persistent Organic
Pollutants. Based on laboratory data and international environmental monitoring data, sufficient
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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 a 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

Biodegradation Half-Lives

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
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 2.3.2.2.2. 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. 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 several 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
to 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 aerobic 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
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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 301D Closed Bottle Ready Biodegradability test (aerobic aqueous medium) on HBCD
resulted in no observed biodegradation in days. This result suggests that aerobic 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 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 f — 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

Property Value Reference Stud.y
Quality
Aerobic No biqdegradation obserYed in 28—day closed-bottle test (Wildlife Intl
Biodegradation in Organisation for Economlg CQ_OP cration and 1996) as cited in Medium
Water Development (OECD) Guideline 301D, EPA OTS —(EC 2008)
796.3200 -
Half-life: 128, 92, and 72 days for a-, y-, and p -HBCD,
respectively (estimated), based on a 44% decrease in total
initial radioactivity in viable freshwater sediment of 14C- (Davis et al. 2006) High
Aerobic labeled HBCD (4.67 mg/kg dry weight) after 112 days;
Biodegradation in | method based on OECD 308
Sediment Half-life: 11 and 32 days (estimated) in viable sediment
collected from Schuylkill River and Neshaminy creek, (Davis et al. 2005) Hich
respectively, using nominal HBCD concentrations of &
0.034-0.089 mg/kg; method based on OECD 308
Half-life: >120 days (estimated), based on a 10% decrease
in total initial radioactivity in viable soil of 14C-labeled . .
Aerobic HBCD after 113 days; method based on OECD 307 using (Davis et al. 2006) High
Biodegradation in | 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 (Davis et al. 2005) High
0.025 mg/kg dry weight; method based on OECD 307
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Biodegradation half-lives for the water column and sediments are required as input to the PSC-VVWM
model. The model is used to estimate water column and sediment concentrations for the Environmental
Risk Characterization described in Section 4.1. EPA used the biodegradation half-life ranges as reported
in or derived from the studies discussed in Sections 2.1.2 and 2.1.3 and as an alternative, the Office of
Pesticide Programs approach to calculating the 90™ percentile confidence bound on the mean
biodegradation half-life value, and the Standard Operating Procedure for Using the NAFTA Guidance to
Calculate Representative Half-life Values and Characterizing Pesticide Degradation (U.S. EPA 2015b)
which provides tools to determine the appropriate kinetics and associated half-lives for biodegradation
studies.

The 90™ percentile confidence bound on the mean biodegradation half-life value is calculated according
to the equation below:

Equation 1:
tinput = €712 + [(too,n-18) / n'7?]
where,

tinput = half-life input value (time)

"t 12= mean of sample half-lives (time)

s = sample standard deviation (time)

n = number of half-lives available (-)

too.n-1 = one-sided Student’s t value at a = 0.1 (i.e., 1.0-0.9) (-)

This equation does not calculate the 90" percentile of the distribution of half-life values.

The rate of transformation of organic chemicals in the environment is commonly described using first-
order kinetics, often referred to as single first-order (SFO). The first-order representation is convenient
because the rate is summarized with a single parameter (the rate constant, k), and the rate of
transformation is independent of the initial concentration. The half-life, t'2 =In(2)/k, indicates the time
required to reduce the concentration by 50% from any concentration point in time. It is an intuitive way
to express the rate of decline of a first-order degradation. In contrast, the DT50 is the time required for
the concentration to decline to half of the initial value. For non-first-order decay, the time to reach half
the concentration from any other concentration point on the curve will be different.

The VVWM-PSC model requires first-order inputs for the modeled chemical’s transformation processes
even though a chemical’s transformations in aquatic systems often does not follow a single exponential
decline pattern. For this reason, the NAFTA guidance introduces a “representative half-life (trep)” to
estimate an SFO half-life for model input from a degradation curve that does not follow the SFO
equation. The procedure takes into consideration the frequent observation that chemicals can degrade
fast initially and then slowly as time passes, much more so than a first-order representation would
predict. The representative half-life considers both the initial and the slower portions of the decline
curve and is not necessarily numerically similar to the value of the DT50.
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Table 2-3. HBCD Biodegradation Half-lives (days) Reported and Representative Half-lives
Calculated Using OPP/NAFTA Guidance

. 90" Percentile OPP/NAFTA
Reference Medium Reported Confidence Bound Guidance
(Davis et al. Aerobic Sediment 11 6
2005) 112
(Davis et al. Aerobic Sediment 32 8
2005)
(Davis et al. Aerobic Sediment 128 100
2000)

The PestDF program calculates and selects the representative half-life value based on the NAFTA
guidance. The tool considers three transformation models: SFO, double first-order in parallel (DFOP),
and indeterminate order rate equation (IORE) and a set criteria for selecting parameters. Based on the
number of fitted parameters, SFO is the simplest of the three models, while DFOP is the most complex.

OPP guidance also allows for a 3X factor to be used to account for uncertainty and variability where
only 1 half-life value is available. In this evaluation the 3X factor was used with the longest reported
half-life from Davis et al. (2006) to give a half-life of 384 days.

In order to demonstrate the effect of changes in benthic half-lives on estimated porewater, water column
and sediment HBCD concentrations estimated by VVWM-PSC, a limited sensitivity analysis was
conducted. All environmental parameters, loading and abiotic half-lives were held constant. Multiple
runs of VVWM-PSC were executed varying only the benthic half-life using the values reported in Table
2-3 above. The results are shown in Table 2-4 below.

Table 2-4. Impact of the Use of the Range of Biodegradation Half-lives (days) Reported and
Representative Half-lives Calculated Using OPP/NAFTA Guidance on PSC-VVWM
Concentration Estimates®

. Water Column Water Column Sediment Pore Water Total Benthic
Benthic . . . .
Half-life Concentration Concentration Concentration Concentration

Days 21 Day Average 28 Day Average 28 Day Average 28 Day Average
(ng/L) (ng/L) (ng/L) (ng/kg)
6 19.9 29.3 3.91 15600
8 20.2 29.5 4.6 18400
11 20.5 29.9 5.63 22500
32 21.9 31.2 9.55 38200
100 23.3 32.6 13.5 54200
112 234 32.7 13.9 55400
128 23.5 32.8 14.2 56900
384 24.2 33.6 16.3 65200
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2 Standard Operating Procedure for Using the NAFTA Guidance to Calculate Representative Half-life Values and
Characterizing Pesticide Degradation (U.S. EPA 2015b)

As can be seen from the results of the modeling, benthic half-lives over the ranges discussed in the final
Risk Evaluation have a negligible effect on water column concentrations. Thus, the half-life chosen for
use in PSC-VVWM will not generally result in changes in ecological Risk Quotients for a given
scenario. In contrast, sediment pore water and total benthic concentrations increase approximately 4 to 5
times as benthic half-lives increase from six to 384 days. The impact of half-life on benthic Risk
Quotients are further discussed in Section 4.1 Environmental Risk.

Bioconcentration/Bioaccumulation Factors

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.

A field measured bioaccumulation factor (BAF) selected for use in the Risk Evaluation (Wu et al. 2010)
was used as input to the estimation of highly exposed general population fish ingestion exposure
discussed further in Section 2.4.3. Initially, EPA considered two BAF values, one higher and one lower.
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. After consideration of factors
including the edibility and palatability of the species, an upper trophic level lipid normalized field
measured BAF for the 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:
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BAFww = BAFLw * lipid fraction
See Appendix C 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 (Wu et al. 2010), and (He et al. 2013) were reviewed.
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 (Wu et al. 2010), an upper trophic level lipid normalized BAF for
total HBCDs of approximately 3,120,000 was calculated from the mean HBCD lipid normalized fish
tissue concentration and the HBCD dissolved water concentration. 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. 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 pg/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). 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. However, using the approach for chemicals classified in the
Office of Water methodology as nonionic organic chemicals with moderate to high hydrophobicity (log
Kow > 4) and low metabolism to calculate baseline and national BAF values yielded upper trophic level
(TL 4) BAF values approximately two times greater than the field measured values reported for northern
snakehead (Wu et al. 2010). The differences are due, in part, to the differences between site specific and
species-specific variables in the field study (e.g., the particulate organic carbon levels and the lipid
fraction in fish) which impact bioaccumulation factors and the default values for those variables used in
the Office of Water methodology to derive the upper trophic level (TL 4) BAF.

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
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important for a hydrophobic chemical such as HBCD. The BAF studies (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) (Wu et al. 2010) as a surrogate for an upper trophic level species
native fish and assumed its lipid normalized BAF was 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 2-5. HBCD Bioaccumulation and Bioconcentration Factors Reviewed for Use in the Risk

Evaluation
Property Value Reference Study Quality
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 (Wu etal. 2010) High
. concentration. —northern snakehead
Lf_‘eld Measl“:_ed Wet weight BAF 46,488
;):cctc;'rr(lll;:;;) n Upper trophic level lipid normalized BAF for total
HBCDs of approximately 9,090,000 calculated from the
mean HBCD lipid normalized fish tissue concentration L 201 oh
and the HBCD dissolved water concentration. —catfish (He et al. 2013) Hig
Wet weight BAF 290,880
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)

HBCD in Microplastics

HBCD incorporated into EPS and XPS may enter air, water and soil environments as particulates as a
result of its processing, use, and demolition and disposal of building material containing EPS and XPS
insulation. (See Section 2.2 Releases to the Environment). HBCD containing particulates may be
produced during insulation board cutting and building demolition. HBCD containing insulation may
generate particles from physical abrasion and weathering. These particles may include a size range
similar to that of microplastics (i.e., items < 5 mm diameter) (Lambert et al., 2014). In the aquatic
environment, the ingestion of plastics by biota establishes a potential exposure pathway for chemical
contaminants that may be incorporated into the plastics during manufacture or metals, and persistent,

bioaccumulative, and toxic contaminants that may be sorbed from the water column to plastic. (Engler
2012).

Scientific research including field studies (e.g., Yamashita et al, 2011; Lavers et al., 2014; Rochman et
al., 2014) and laboratory studies (e.g., Teuten et al., 2009; Besseling et al., 2013; Rochman et al., 2013)
suggests that several groups of aquatic or aquatic-dependent organisms (invertebrates, fish, and birds)
can accumulate chemicals associated with plastics once ingested. Experimental studies investigating the
effects of chemicals associated with plastics on invertebrates and fish indicate that there are negative
sublethal effects on these organisms from chemicals associated with plastics as well as the plastic itself
(e.g., Rochman et al., 2013, 2014; Avio et al., 2015). However, some bioaccumulation modeling
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approaches attempting to simulate environmentally realistic scenarios of exposure provide indirect
evidence that the role of plastics in contributing to body burdens and effects of chemical pollutants may
be relatively small compared with other exposure pathways, such as direct chemical exposure via water,
sediment, or ingestion of contaminated prey (Koelmans et al., 2016; Bakir et al., 2016; Ziccardi et al.,
2016).

EPS particles in the microplastics size range (<5 mm) have been implicated as potential vectors for
HBCD in the marine environment. Such particles can be generated when larger EPS objects in the ocean
are subjected to biodegradation, ultraviolet radiation, temperature, and the mechanical forces associated
with wave action (Rani et al. 2017). In one study, EPS buoys were identified as the source of elevated
HBCD concentrations in sediments off the coast of South Korea (Al-Odaini et al. 2015). Further
investigation found that mussels inhabiting EPS substrates in the same region had higher HBCD body
burdens than those inhabiting high-density polyethylene, metal, and rock (Jang et al. 2016). These
findings appear to indicate a potential exposure pathway for ecological and human receptors due to
bioaccumulation of HBCD from microplastics. However, it is not currently feasible to quantify the
exposure of upper trophic level organisms to microplastic-associated HBCD. This is generally true of all
microplastic-associated pollutants due to the large number of variables controlling their uptake and
potential bioaccumulation/biomagnification (Au et al., 2017; Ziccardi et al. 2016). In the specific case of
HBCD, there is currently not sufficient data on the distribution of the chemical in microplastics across
geographic regions (Jang et al. 2017), nor its ability to leach from ingested microplastic particles and
become available for distribution, metabolism, and excretion (Lohmann et al. 2017). If microplastic-
associated HBCD is readily bioavailable, its behavior may be similar to that of pure particulate HBCD.
However, it is more likely that association with microplastics has complex and opposing influences on
HBCD exposure. While they can serve as a vector, microplastics may also reduce bioavailability and
potentially scavenge free HBCD. In the absence of data needed to parameterize a model, this complexity
cannot currently be resolved.

2.2 Releases to the Environment

EPA assessed environmental releases of HBCD for the following HBCD exposure scenarios:

1) Repackaging of Import Containers

2) Compounding of Polystyrene Resin to Produce XPS Masterbatch

3) Processing to Produce XPS Foam using XPS Masterbatch

4) Processing of HBCD to Produce XPS Foam

5) Processing to Produce EPS Foam from Imported EPS Resin Beads

6) Processing to Produce SIPs and Automobile Replacement Parts from XPS/EPS Foam

7) Use: Installation of Automobile Replacement Parts

8) 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) Recycling of EPS Foam and Reuse of XPS foam

11) Formulation of Flux/Solder Pastes

12) Use of Flux/Solder Pastes

13) Recycling of Electronics Waste (E-Waste) Containing HIPS

As discussed in Section 1.2.8, HBCD is no longer used to manufacture, process, or distribute four

minor-use products or articles: textiles, HIPS in electronics, adhesives, and coatings. The four minor-use
products and articles are expected to be currently already installed or in service. The processing of these
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products during disposal at landfills and waste transfer stations may result in fugitive air releases of dust
containing HBCD. These releases are not quantified in this section. EPA believes exposures to general
population and environmental receptors are accounted for in the assessment of background exposure
which is discussed in Section 2.4.2 for general population and Section 2.3.3.1 for terrestrial receptors.

Components of the Environmental Release Assessment
The environmental release assessment of each exposure scenario is comprised of the following
components:

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

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

3. 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 exposure scenario
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
(ESDs) and generic scenarios (GSs), 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 exposure scenario will be
discussed in each section.

Processing or Use Volume and Number of Sites

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 lbs/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 importer 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 exposure scenarios 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 exposure scenarios that entail the processing of HBCD for products and formulations
containing HBCD:

e Repackaging of Import Containers
e Compounding of Polystyrene Resin to Produce XPS Masterbatch
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Processing to Produce XPS Foam using XPS Masterbatch

Processing of HBCD to Produce XPS Foam

Processing to Produce EPS Foam from Imported EPS Resin Beads

Processing to Produce SIPs and Automobile Replacement Parts from XPS/EPS Foam (the
processing volume for each exposure scenario is 100,000 pounds/year)

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

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

EPA performed a sensitivity analysis for selected exposure scenarios using import volumes of 50,000
Ibs/yr-site and 25,000 Ibs/yr-site to examine the effect of process volume on environmental releases and
resulting general population and environmental exposures. This is discussed in Section 2.2.15.

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
discharge in the remainder of this section. All releases assessed are of solid HBCD or solid mixtures
containing HBCD.

EPA assessed releases to landfill for Repackaging of Import Containers, Processing to Produce EPS
Foam from Imported EPS Resin Beads, Processing: Recycling of EPS Foam and Reuse of XPS Foam,
Processing to Produce 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 (Townsend et al. 2019; U.S. EPA
2018; TCEQ 2017) and for Use of Flux/Solder Pastes in accordance with the 2010 OECD ESD on
Chemicals Used in the Electronics Industry. The landfill types are not specified in these sources. As
discussed in Section 1.4.2.2, EPA is not evaluating releases to RCRA Subtitle C hazardous waste
landfills and RCRA Subtitle D municipal solid waste landfills (MWSLFs). Hazardous waste and
municipal waste landfill design and management controls such as coverings, liners, and leachate
collection and treatment are expected to adequately mitigate HBCD exposure, therefore, releases were
not evaluated. HBCD is not designated as a RCRA hazardous waste because it is not specifically listed
as a known hazardous waste and does not exhibit the characteristics of a hazardous waste (ignitability,
corrosivity, reactivity or toxicity) (40 CFR 261). HBCD waste could 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 2018b). The key data sources
resulting from this process that were used to assess releases include TRI data, the European Union Risk
Assessment Report (EURAR), and (U.S. EPA 2008b). The TRI data has an overall confidence rating of
medium. The EURAR and (U.S. EPA 2008b) have overall confidence ratings of high.
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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.

TRI reporting by subject facilities is required by law to provide information on releases and other waste
management activities of Emergency Planning and Community Right-to-Know Act (EPCRA) Section
313 chemicals (i.e., TRI chemicals) to the public for informed decision making and to EPA to assist the
Agency in determining the need for future regulations. Section 313 of EPCRA and Section 6607 of the
Pollution Prevention Act (PPA) require certain facilities to report release and other waste management
quantities of TRI-listed chemicals annually when a reporting threshold is triggered, but these statutes do
not impose any monitoring burden for determining the quantities.

TRI data are self-reported by the subject facility where some facilities are required to measure or
monitor emissions or other waste management quantities due to regulations unrelated to the TRI
program, or due to company policies. These existing, readily available data are often used by facilities
for TRI reporting purposes. When measured (e.g., monitoring) data are not “readily available,” or are
known to be non-representative for TRI reporting purposes, the TRI regulations require that facilities
determine release and other waste management quantities of TRI-listed chemicals by making
“reasonable estimates.” Such reasonable estimates include a variety of different approaches ranging
from published or site-specific emission factors (e.g., AP-42), mass balance calculations, or other
engineering estimation methods or best engineering judgment. TRI reports are then submitted directly to
EPA on an annual basis and must be certified by a facility’s senior management official that the
quantities reported to TRI are reasonable estimates as required by law.

Where releases are possible, but TRI data were not available, releases were mostly estimated using
release data from the European Union Risk Assessment Report (EURAR). 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.

Where the above data were not available, EPA used relevant OECD Emission Scenario Documents
(ESDs) or EPA Generic Scenarios (GSs 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). ESDs and GSs are standard sources used by EPA/OPPT 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, OECD ESD, or EPA GS data by estimating ranges of
emission factors and release days, as further described below.

13 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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Specifically, for each exposure scenario, EPA estimated daily and annual quantities of HBCD released,
where applicable using the following parameters:
e The annual importation, processing, or use volume per site.
The number of importation, processing, or use sites.
The emission factors for releases of HBCD.
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 exposure scenario 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 exposure scenario (e.g., import, processing, or use). EPA
determined emission factors either from EURAR data or from ESDs and 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 an exposure scenario 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 exposure scenario by multiplying the range
of emission factors and the annual throughput of HBCD at a site. EPA calculated daily release quantities
by dividing the range of annual release quantities by the estimated number of release days. For most
exposure scenarios, 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.
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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 industrial category (i.e., polymer industry, electronics), use category/function within
the industry(i.e., flame retardant), lifecycle stage (i.e., manufacturing, formulation, or use), and
the production volume (tons/yr) of the 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, exposure scenarios.
EPA then selected the most applicable use category/function within the industry for the exposure
scenario and used the assessed HBCD processing or use volume solely to determine 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 processing or use volume within an
industry category.

Using the HBCD volume, 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 exposure scenario using Equation 2-1:

Equation 2-1. R=[(V+Ny) xXf]l+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)
Na = 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 exposure scenario 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
exposure scenario are operated at least 8 hours/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 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.
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HBCD was manufactured at a purity of 90% to 100% HBCD (NICNAS 2012b; Keml 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 (NICNAS
2012b; ECHA 2008b), which EPA has determined are no longer exposure scenarios 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 exposure scenario.

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 of. 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 exposure scenario. NICNAS (2012b) and

14 In this Risk Evaluation, EPA refers to EPS and XPS foam articles, including insulation, as EPS and XPS foam. 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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Environment Canada (EC/HC 2011) did not assess release from equipment cleaning. The EURAR
(ECHA 2008b) did not assess repackaging as a exposure scenario.

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 exposure scenario, as
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 pm). 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 exposure scenario.

A summary of the release sources assessed by EPA is presented in Table 2-6.

Table 2-6. Summary of HBCD Release Sources During Repackaging of Import Containers

Release Source Emission Factor used in this |Method of Release, Basis or Source
Risk Evaluation Disposal, Treatment, or
Discharge Assessed in
this Risk Evaluation
Dust generation from 0.001-0.005 kg HBCD Uncertain: (OECD 2009)
unloading solid standard released/kg HBCD handled Stack air, or Fugitive
grade powder from import Air, POTW, Onsite
containers into new WWT, Landfill, or
containers Incineration
Disposal of import 0.01 kg HBCD released/kg 100% Landfill (OECD 2009)
containers (bags) containing | HBCD in containers
solid HBCD
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
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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
300 days/year. Based on these data, EPA estimated a range of release days for this exposure scenario of
29 to 300 days/year.

The data sources used to estimate releases in this section are listed in Table 2-7 with the data quality
score. See Appendix D for more details about data source evaluation.

Table 2-7. 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

Medium
releases

(ECB 2003) Days of Release

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-8.

Table 2-8. Input Variables to Equation 2-1 for Repackaging of HBCD Import Containers

Input Variable
f
v 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 2016b)

The results of these calculations for all methods of release, disposal, treatment, or discharge are
summarized in Table 2-9. 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 confidence in the assessed range of daily release rates presented above. EPA
considered the quality of the data, the assessment approach, and uncertainties in assessment results to
determine the level of confidence.

The result of EPA’s systematic review is data pertaining to the number of release days with an overall
confidence rating of medium; the quality of the emission factor data was not evaluated because this data
was obtained from an OECD ESD.
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The strength of the assessment approach is the estimation of HBCD emission factors and number of
release days as ranges of values to account for variability in the values of these two parameters that EPA
obtained. Furthermore, the strength of the assessment approach is the estimation of the daily release of
HBCD per site as a range of values which encompasses the range of emission factors and the number of
release days that EPA obtained.

There is uncertainty about the extent to which the emission factor 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 uncertainty of the assessment, EPA has medium confidence in the assessment results.
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Table 2-9. Summary of HBCD Releases from Repackaging of Import Containers

Releases calculated from lower value of range of
emission factors °

Releases calculated from upper value of range of
emission factors P

HBCD residual

Daily Release Daily Release Hours of
MethOd Tl b, Lol Annual (kg/site-day) Lol Annual (kg/site-day) Number| Release
Release Source| Disposal, Treatment,| Annual Release per Numb Annual Release Per of Sites | per Da
or Discharge (a) |Release for Site PEC1 Number of fllllll €' | Release for Site Number of | Number of Fhr/da );
All Sites (kgfsite-yr) release days: ga;:.e; 53 All Sites (kgfsite-yr) release days: |release days: v
kg/ . kg/
(kg/yr) 29 days/year days/year (kg/yr) 29 days/year 300 days/year
Dust release May go to one or
during more: St.aCk ar, 8
. fugitive air, on-site 454 454 1.56 0.15 227 227 7.82 0.756 1
unloading of hours/day
WWT, POTW,
HBCD .. .
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

? 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.
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2.2.3 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 exposure scenario.

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 2-10. 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 7.42x10~° 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 exposure scenario.

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 exposure scenario 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 2-10. 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 12 metric tons of HBCD is processed at the 3
sites with site-specific release data.

Site 3 37 33

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 of 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 exposure
scenario. 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 2-11 along with the data
quality score. See Appendix D for more details about data source evaluation.
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Table 2-11. Compounding of Polystyrene to Produce XPS Masterbatch Release Data Source
Evaluation

Source Reference Data Type Value =

Data

(ECHA 2008b) Site-Specific Release | o b1e .10 High
Data
“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 2-12.

Table 2-12. Input Variables to Equation 2-1 for XPS Masterbatch Production

Input Variable
f
\% Ns (kg HBCD released/kg HBCD processed) Na
(of HBCD) (sites) Average calculated from (days/yr)
3 . 9 ot .
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

*CDR reporting threshold for small manufacturers (U.S. EPA 2016b)

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
2-13.

Strengths, Limitations, and Confidence in Assessment Results

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

As detailed in Table 2-11, the result of EPA’s systematic review is data with an overall confidence
rating of high or medium, which is a strength of the assessment. In particular, the overall confidence
rating of the data pertaining to the number of release days is medium.

Another strength of the assessment approach is the estimation of HBCD emission factors and number of
release days as ranges of values to account for variability in the values of these two parameters that EPA
obtained or estimated. Furthermore, the strength of the assessment approach is the estimation of the
daily release of HBCD per site as a range of values which encompasses the range of emission factors
and the number of release days that EPA obtained or estimated.
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There is uncertainty about the extent 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
uncertainty of the assessment, EPA has medium to high confidence in the assessment results.
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Yo Releases calculated from worst case
Releases calculated from average emission factor based . . . .
on EURAR release data ® emission factor ];l[sj i{xﬁsbreported in the
Method of
Release Daily Release Hours of
Release Source Disposal, Total Annual Annual ey el e Lt ng) A’II‘:::I?:“ 11::122:: (kg/site-day) ﬁ}usni?:sr lt?i;l:e
Treatment, or | Release for All |Release Per . - v
Discharge ® Sites Site TN . S Release for| Per Site Number of, Number (hr/day)
. umber o um»ber ol |- All Sites |(kg/site-| release |of release
(kg/yr) (kg/site-yr) | release days: |release days:
10 davs/vear |60 davs/vear (kg/yr) yr) | days: 10 | days: 60
ysiy ysiy days/year | days/year
Unknown — these data
were reported by EU |May go to one or
sites in the EURAR |more: Stack air or 0.278 0.278 0.028 4.63E-03 0.332 0.332 0.033 5.53E-03 1 8 hours/day
as total annual release|  fugitive air
per site
[Unknown — these dataj Mav 20 to one or
were reported by EU m}olr%: . Surface
sites in the EURAR Wate-r Onsite 1.46 1.46 0.15 2.44E-02 3.37 3.37 0.337 5.61E-02 1 8 hours/day
as total annqal release WWT., or POTW
per site

? 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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2.2.4 Processing to Produce 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 (ECHA 2008b). HBCD content in XPS foam ranges from 0.5 to 3 wt% (U.S. EPA
2015a; Takigami et al. 2014; EC/HC 2011; ECHA 2008b).

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
automobile 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 off-
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 exposure scenario.

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 identified 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 2-14. 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
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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 x107 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 by using “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 2-14. 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. The “worst-
case” air emission factor and average air emission factor are the same because the EURAR used 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 exposure scenario 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 2-14. 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 22 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.
« v The EURAR identifies a
Total “worst-case :
emissions calculated in total of 1’0.1 I 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).
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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 2-15 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-15. XPS Foam Manufacturing Using XPS Masterbatch Release Data Source Evaluation

Source Reference Data Type Value GEELIE GEIEs L

of Data

(ECHA 2008b) Site-Specific Release Data See Table 2-14 High

“Worst-Case” Emissions for 2.63x107 to water and .
(ECHA 2008D) 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 2-16.

Table 2-16. 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 2016b)

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
2-17.
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Strengths, Limitations, and Confidence in Assessment Results

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

As detailed in Table 2-15, the result of EPA’s systematic review is data with an overall confidence
rating of high or medium, which is a strength of the assessment.. In particular, the overall confidence
rating of the data pertaining to the number of release days is high or medium.

The strength of the assessment approach is the estimation of HBCD emission factors and number of
release days as ranges of values to account for variability in the values of these two parameters that EPA
obtained or estimated. Furthermore, the strength of the assessment approach is the estimation of the
daily release of HBCD per site as a range of values which encompasses the range of emission factors
and the number of release days that EPA obtained or estimated.

There is uncertainty about the extent 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
uncertainty of the assessment, EPA has medium to high confidence in the assessment results.
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Table 2-17. 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 ®
e | o | o | B Rk G | ot | gt DR ) | s o
Release Source Discharge, Release Release release davs: | rel .| Rel Release . . | of Sites Release per
Treatment, or Per Site ys:| release days: elease | o, Site release days:| release days: Day (hr/day)
Disposal ® f01: All (kgsite- 1 day/year | 15 day/year for.' All (kg/site- 1 day/year | 15 day/year
Sites r) (water and |(water) and 16| Sites 1) (water and ((water) and 16
(kg/yr) y air) day/year (air) | (kg/yr) y air) day/year (air)

Unknown — these

i et Ty g 10 ane o
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 | = jo5 | ¢ 46 0.486 3.24E-02 1.19 1.19 1.19 0.080 1| 8hours/day

EURAR as total | Water, Onsite ’ ’ ’ ’ ’ ’ ’ ’

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 of HBCD to Produce XPS Foam
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 2015a; 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 exposure scenario.

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 to which 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 exposure scenario 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 and did
not report to 2018 TRI as indicated in Section 1.2.4.

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 exposure scenario (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 because the processed volume associated with these releases is
approximately equal to the assessed processing volume. The reported releases are summarized in the
next section along 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 the
volume 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 exposure scenario, 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 2008Db).

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 2-18.

The EURAR indicates that the HBCD release estimates to water presented in Table 2-18 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 can be to surface water, POTW, and/or onsite
wastewater treatment and air releases may include stack air and/or fugitive air.

Table 2-18. HBCD Release Data Reported in the EURAR for Manufacturing of XPS Foam using
HBCD Powder

Site-Specific Release to Water | Release to Air
Release Data kg/yr ke/yr Process Volume
Site 1 44 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 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 EU 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 (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 2-19 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-19. Manufacturing of XPS Foam Using HBCD Powder Release Data Source Evaluation

Source Reference Data Type Value GEELIE GEIEs L
of Data
See Table 2-18. HBCD
Release Data Reported in the
. . EURAR for Manufacturing .
(ECHA 2008b) Site-Specific Release Data of XPS Foam using HBCD High
Powder
See Table 2-22. Summary of
HBCD Releases from XPS
(U.S. EPA 2017g) Site-Specific Release Data | Foam Manufacturing Using Medium
HBCD from 2017 TRI Data
1 to 12 days/year for .
(ECHA 2008b) Release Days wastewater discharges High
(ECB 2003) Release Days 16 days/year for all releases Medium
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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 2-22. The data in 2017 TRI is reported for the calendar year.
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 2-20. The results of these calculations are
summarized in Table 2-21.

Table 2-20. 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 2016b)

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium to high confidence in the assessed range of daily release rates. EPA also assessed
releases using TRI data which EPA assigned an overall confidence rating of medium using systematic
review. EPA considered the quality of the data, the assessment approach, and uncertainties in
assessment results to determine the level of confidence.

As detailed in Table 2-19, the result of EPA’s systematic review is data with an overall confidence
rating of high or medium, which is a strength of the assessment.. In particular, the overall confidence
rating of the data pertaining to the number of release days is high or medium.

The strength of the assessment approach is the estimation of number of release days as ranges of values
to account for variability in parameters that EPA obtained or estimated. Furthermore, the strength of the
assessment approach is the estimation of the daily release of HBCD per site as a range of values which
encompasses the number of release days and different sources of release data that EPA obtained or
estimated.

There is uncertainty about the extent 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
uncertainty of the assessment, EPA has medium to high confidence in the assessment results.
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Table 2-21. Summary of HBCD Releases from XPS Foam Manufacturing Using HBCD

Releases calculated from average emission factor based
on EURAR release data ®
Method of
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 . . Over 12 of Sites per Day
or Discharge for All er Site et dhayss s s (hr/day)
" 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}klle 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 2-22. 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 | Annual (%l‘:g/’;t;:f)s e it lomonaloE 1 [ Adstrmin s Histiondlof 160 Le Dax
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 8
Chemical Incineration : 30.8 Incineration ®: 30.8 incineration °: 1.93 hours/d
Company, Off-site transfer for disposal Off-site transfer for Off-site transfer for disposal oursiday
Pevely MO | to landfill ©: 123 disposal to landfill ¢: 123 to landfill ©: 7.68
Stack air *: 21.3 Stack air *: 21.3 Stack air *: 1.33
Dow Off-site transfer for disposal Off-site transfer for Off-site transfer for disposal 3
Chemical to landfill ¢: 109 disposal to landfill ¢: 109 to landfill ©: 6.80 hours/da
Company, Off-site transfer for Off-site transfer for Off-site transfer for Y
Dalton GA | incineration ¢: 23.1 incineration ¢: 23.1 incineration %: 1.45
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.
®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.
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2017 TRI
R N Hours of
Site R | Quantit it Daily Release (kg/site-day) Release
. . 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

¢ 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 to Produce 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.

The shapes or blocks may be cut into smaller sizes and trimmings may be recycled back into the foam
production process (i.e., secondary processing) (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 exposure scenario.

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
2-23. 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 2018d). While
this foam is different than that in this exposure scenario, 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
2018d; 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 exposure scenario, 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 2-23. 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,
Release Source Emission factor used in this Risk Treatment, or Discharge Basis or
u 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 be 2012b; ECHA
from transport containers minimal. Additionally, HBCD is entrained 2008b)

within the polymer matrix.
Dlqusal of transport . 0.01 kg HBCD released/kg HBCD in Landfill (OECD 2009)
containers (bags) containing containers
solid HBCD residual
Dust / volatilization releases Uncertain: Stack air, Fugitive |(OECD 2009)
at elevated temperatures 0.001-0.005 kg HBCD released’kg HBCD | Air, surface water, onsite
during converting process processed WWT, POTW, Landfill,

Incineration

Equipment cleaning losses Uncertain — (OECD 2009)
of residual HBCD solids 0.01 kg HBCD released/kg HBCD Surface water, onsite WWT,
from compounding processed POTW, Landfill, Incineration
equipment
Trimming of foam * Uncertain Incineration, (U.S. EPA

0.01 to 0.025 kg HBCD released/’kg HBCD Landfill 2018d; OECD

processed 5009) 009) E—
N/A = Not applicable
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
estimates.

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 2-24 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-24. Manufacturing of EPS Foam from Imported EPS Resin Beads Release Data Source
Evaluation

Source Reference Data Type Value GEELIE GEIEs L
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 2-25 below.

Table 2-25. Input Variables to Equation 2-1 for EPS Foam Manufacturing from EPS Resin Beads

Input Variable
f
v 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 kglyear 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 2016b)

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 2-26.

Strengths, Limitations, and Confidence in Assessment Results

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

As detailed in Table 2-24, the result of EPA’s systematic review is data pertaining to the number of
release days with an overall confidence rating of high or medium, which is a strength of the assessment.

EPA did not find release data in TRI or the EURAR that are applicable to this exposure scenario. 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 2018d), and an
EPA/OPPT model available in ChemSTEER (U.S. EPA 2013a). The higher emission factor in the ESD
for dust releases corresponds to the same factor used in the EPA/OPPT Solids Transfer Dust Loss

Page 126 of 723


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=196375
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3839188
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=3809033

Case: 20-73578, 12/08/2020, ID: 11918900, DktEntry: 1-4, Page 137 of 733

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 2018d) is based on industry input. The
representativeness of these data toward the true distribution of environmental releases for this use is
uncertain and EPA notes that those from the ESD and EPA/OPPT model are likely on the higher end of
the distribution. There is uncertainty in the estimate of the range of release days that is based on industry
data that are included in the Australian risk assessment (NICNAS 2012b). 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). Based on the strengths and
uncertainties of the assessment, EPA has medium confidence in the assessment results.
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Table 2-26. Summary of HBCD Releases from EPS Foam Manufacturing from EPS Resin Beads

Releases calculated from lower value of range of Releases calculated from upper value of
emission factors ” range of emission factors "
Method of Total : q Total . :
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 . Numb £ Sites
. a . Number of | Number of Per Site| Number of | -\ MPeEr o Day (hr/day)
discharge for All Site umber o umber of | for All . umper o .
. . . - . (kg/site- .|release days:
Sites | (kg/site-yr) | release days: | release days: | Sites " release days: 140
(kg/yr) 16 days/year 140 days/year| (kg/yr) y 16 days/year bl
May go to one or
more: Stack air,
Dust release " .
during Fugitive Air,
- surface water, 454 454 2.83 0.324 227 227 14.17 1.62 1 8 hours/day
converting .
OcesS 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
f € | more: Incineration| 454 454 28.35 3.24 1134 1134 70.87 8.10 1 8 hours/day
oam 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.
P Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and HBCD.
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2.2.7 Processing to Produce 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 Automobile Manufacturers
(Alliance of Automobile Manufacturers 2018b; Rege 2017; Tatman 2017). Manufacturers identified 155
replacement parts containing HBCD: these include absorbers 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 2018f, g).

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
automobile 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
exposure scenarios, Manufacturing of SIPs and Automobile 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 automobile 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 automobile
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 exposure scenario from the cutting or sawing of foam
and the subsequent disposal of foam scraps.

Emission Factors
The emission factor for particles generated by cutting XPS and EPS foam are presented in Table 2-27
(ECHA 2008b). 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
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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.

The emission factors for the manufacture of SIPs and automobile replacement parts are given in Table
2-27. Summary of HBCD Release Sources During the Manufacturing of SIPs and Automobile
Replacement Parts from XPS/EPS Foam

Table 2-27. Summary of HBCD Release Sources During the Manufacturing of SIPs and
Automobile Replacement Parts from XPS/EPS Foam

Emission factor used in this Risk Method of Release,
Evaluation (kg HBCD released/kg HBCD 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 or Fugitive Air, surface
sawing of 10% of water, onsite WWT,
XPS (50%) and EPS POTW, Landfill,
(50%) boards and/or Incineration
Trimming disposal 0.01 0.025 Uncertain: (OECD 2009) (lower
Incineration and/or | fraction); (U.S. EPA
landfill * 2018d) (upper
fraction)
*EPA 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 exposure scenario (100,000 pounds [45.4 metric tons]), 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 2-28. Manufacturing of SIPs

and Automobile Replacement Parts from XPS/EPS Foam Release Data Source Evaluation
along with the data quality score. See Appendix D for more details about data source evaluation.
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Table 2-28. 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
See Table 2-31. Particle
Generation Factors
Particle Generation Reported in the EURAR .
(ECHA 2008b) Fact for Sawing or Cutting of High
actor XPS/EPS Foam Prior to
Installation
(ECB 2003) Release Days 16 to 300 days/year for Medium
all releases

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-29.

Table 2-29. Input Variables to Equation 2-1 for the Manufacturing of SIPs and Automobile
Replacement Parts from XPS/EPS Foam

Input Variable
F
Vv Ns (kg HBCD released/kg HBCD processed) 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

) Air, surface water, onsite WWT, | Air, surface water, onsite
200.000 pounds/year — (1 for SIPs pOTW, landﬁll, and/or WWT, POTW, landﬁll, and/or
9’0 718 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 exposure scenario.

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 2-30.

Strengths, Limitations, and Confidence in Assessment Results

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

As detailed in Table 2-28, the result of EPA’s systematic review is data with an overall confidence

rating of high or medium, which is a strength of the assessment. In particular, the overall confidence
rating of the data pertaining to the number of release days is medium.
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The strength of the assessment approach is the estimation of HBCD emission factors and number of
release days as ranges of values to account for variability in the values of these two parameters that EPA
obtained or estimated. Furthermore, the strength of the assessment approach is the estimation of the
daily release of HBCD per site as a range of values which encompasses the range of emission factors
and the number of release days that EPA obtained or estimated.

There is uncertainty about 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
uncertainty of the assessment, EPA has medium to high confidence in the assessment results.
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Table 2-30. Summary of HBCD Releases from the Manufacturing of SIPs and Automobile Replacement Parts from XPS/EPS Foam

Releases calculated from lower value of range of | Releases calculated from upper value of
emission factors P 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
. . release days:| for All . release release (hr/day)
All Sites | (kg/site- |release days: : (kg/site- . .
(kg/yr) V1) e e 300 Sites ) 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: | g, 454 283 1512 268 | 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.
> 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 Automobile Replacement Parts
EPA did not identify specific process information regarding the installation of automobile replacement
parts containing HBCD. Manufacturers identified 155 replacement parts containing HBCD, these
include absorbers 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 automobile replacement parts from XPS
and EPS foam in Section 2.2.7. Once manufactured, the foam automobile 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 automobile 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 (ECHA 2008b). 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 2018f). 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 2006).

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 (ECHA 2008b). The
EURAR assumes that one in every 10 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 exposure scenario assuming an import volume of
100,000 pounds/year (45,359 kg/year) (U.S. EPA 2016c). EPA does not estimate releases and exposures
for one site for this exposure scenario, as EPA expects this exposure scenario is more widespread. EPA
calculates a range of 34 to 2,696 construction sites for this exposure scenario 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
2017b), which equates to an applied surface area of 40,733 m? based on an insulation thickness of 0.06
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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

The quantities of particles generated by cutting XPS and EPS foam were measured and are presented in
Table 2-31 (ECHA 2008b). These data pertain to the methods of cutting of foam in the construction
industry which are cutting with mechanical saws in the case XPS and EPS, and thermal cutting with hot
wires or cutting with a knife and breaking in the case of EPS only. EPA estimated a particle generation
factor for the thermal cutting with hot wires or cutting with a knife and breaking of XPS as described in
Table 2-31.

The proportions of HBCD used for XPS and EPS are similar (ECHA 2009b). EPA assumes 50 percent
of the HBCD processing volume is used to produce XPS and 50 percent is used to produce EPS. EPA
calculated weighted emission factors for cutting and sawing of foam containing HBCD from the particle
generation factors for XPS and EPS foams given in Table 2-31 and these shares of HBCD used in XPS
and EPS. The calculated emission factors are given in Table 2-32.
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Table 2-31. Particle Generation Factors Reported in the EURAR for Sawing or Cutting of
XPS/EPS Foam Prior to Installation

Foam Type Method of Cutting Particle Generation Factor ?
XPS boards Sawing 5.0 g of XPS particles /metric ton XPS used °
XPS boards Cutting with a knife and |1.12 g of XPS particles/metric ton XPS used ©

then breaking or hot
wire cutting
EPS boards Sawing 445 g of EPS particles/metric ton EPS used °
EPS boards Cutting with a knife and | 100 g of EPS particles/metric ton EPS used °
then breaking or hot
wire cutting

2 Quantity of particles generated per quantity of foam used assuming that only a tenth of the quantity used is cut and boards
are 6 cm x 60 cm x 125 or 104 c¢m, and the boards are cut along the short side.
> Measured values as reported in the EU RAR.
¢ 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.

EU RAR estimated thar one half of the generated particles are released to water while the other half are
released to air. EPA assumes that all generated particles are released to air. 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.

In addition to dust release, there may be release from disposal of scrap foam from cutting or sawing of
the foam boards EPA uses the same emission factor for trimming of foam as described in Section 2.2.7.

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

Emission factor used in this Risk Basis or Source
Evaluation

(kg HBCD released/kg HBCD processed)

Release Source Method of Release,
Disposal,

Treatment, or

Lower value of Upper value of Elli;l:: ngl‘;l? ssessed
emission factors emission factors Evaluation
Dust generation from 5.06E-05 2.25E-04 Uncertain: Fugitive |(ECHA 2008b)
thermal cutting or Air, surface water,
sawing of XPS 10% of and/or POTW
(50%) and EPS (50%)
boards
Trimming disposal 0.01 0.025 Uncertain: (OECD 2009)
Incineration and/or |(lower fraction);
landfill 2 (U.S. EPA
2018d) (upper
fraction)
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Method of Release, |Basis or Source
Disposal,
Treatment, or
Discharge Assessed
in this Risk
Evaluation

Emission factor used in this Risk
Evaluation
(kg HBCD released/kg HBCD processed)

Release Source

Upper value of
emission factors

Lower value of
emission factors

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

Number of Release Days

Based on the Draft Application of Spray Polyurethane Foam (SPF) generic Scenario (U.S. EPA 2018d),
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 judgment 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 2-33 along with the data
quality score. See Appendix D for more details about data source evaluation.

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

Overall Confidence Rating

Value

Source Reference Data Type

of Data
See Table 2-31. Particle
Generation Factors
Reported in the EURAR
(ECHA 2008b) Particle Generation Factor | for Sawing or Cutting of High

XPS/EPS Foam Prior to
Installation

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

be cut)

incineration

incineration

Input Variable
Ns f
(sites) (kg HBCD released/kg HBCD processed)
A% Na
(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
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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 2-35.

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 quality of the data, the assessment approach, and uncertainties in assessment results
to determine the level of confidence.

As shown in Table 2-33, EPA used emission factor data from the EURAR with an overall confidence
rating of high, which is a strength of the assessment..

The strength of the assessment approach is the estimation of HBCD emission factors, amount of HBCD
per construction site and number of release days as ranges of values to account for variability in the
values of these parameters that EPA obtained. Furthermore, the strength of the assessment approach is
the estimation of the daily release of HBCD per site as a range of values which encompasses the range
of parameters that EPA obtained.

The uncertainty of the assessment is 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 uncertainty of the assessment, EPA has medium to high confidence in the assessment
results.
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Table 2-35. 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 of emission Releases calculated from upper value of range of
factors P emission factors ?
Method of Release, Total Annuall  Annual Daily Total Annual Daily Hours of
Release Source | Disposal, Treatment, Days of Annual | Release Days of Release per
- a Release for |Release Per| Release Number - Release Number
or Discharge . . . Release . Release for| Per Site . Release . Day (hr/day)
All Sites Site (kg/site- of Sites . . (kg/site- of Sites
(kg/yr) | (kg/site-yr) day) (day/year) All Sites | (kg/site- day) (day/year)
(kg/yr) yr)
M
Dustrelease | o0 ive Al
during sawing / S rug ’ 2.3 8.5E-04 | 8.5E-04 1 2,696 10.2 0.30 0.10 3 34 8 hours/day
. surface water, or
cutting of foam POTW
Trimming foam May go to one or
scrag more: Incineration or 454 0.168 0.168 1 2,696 1134 334 11.1 3 34 8 hours/day
P 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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2.2.10 Demolition and Disposal of XPS/EPS Foam Insulation Products in Residential,
Public and Commercial Buildings, and Other Structures
XPS and EPS foam insulation products 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
recycling or disposal at construction and demolition waste landfills or waste to energy facilities.

Environmental Release Assessment Methodology

Total Volume of HBCD in the Buildings Demolished Annually

EPA estimated this volume as a fraction of the amount of HBCD in XPS and EPS currently in use in
buildings of all types in 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 buildings of all types) in the United States as of 2010 (comment on Docket ID Number: EPA-
HQ-OPPT-2016-0735-0008, (Safer Chemicals 2017). The number of houses of all types demolished
between 2011-2013, including as a result of disaster, is equal to 0.36% of the number of houses present
in 2011 (HUD 2016). Accordingly, EPA estimates 0.18% of houses are demolished annually. Also,
more than one quarter of the buildings that existed in the year 2000 are expected to be replaced by the
year 2030 in the U.S. (U.S. EPA 2008b). Therefore, the number of buildings demolished each year in
the U.S. on average as a fraction of the total number of buildings that existed in the year 2000 is equal to
0.83%. EPA is uncertain whether buildings of all types, including small structures such as houses, are
accounted for in the data obtained from U.S. EPA (2008b). Accordingly, EPA conservatively assessed
the number of buildings of all types demolished each year in the U.S. as a fraction of the total number of
existing buildings of all types to be equal to the sum of 0.18% and 0.83% or approximately 1%.
Approximately 1.7% of the in-service volume of HBCD in Japan is disposed of each year (Managaki et
al. 2009), but EPA did not use this data because it pertains to Japan and data pertaining to the U.S. is
available as discussed above. In conclusion, 1% of the in-service volume of HBCD in the United States
(100 million pounds) is estimated to be demolished each year. This results in one million pounds/year
(~458,000 kg/year) as the total volume of HBCD in buildings demolished annually.

Number of Demolition Sites

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 for 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 one million pounds
HBCD/year, EPA estimated a lower value of 343 commercial sites or an upper value of 27,230
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 million 1bs of HBCD /100,000
Ib/yr of HCBD) = 343 sites.

Release Sources
During demolition, releases are likely to occur from the generation of XPS and EPS particles resulting

from the breaking of XPS and EPS insulation boards.
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Emission Factors

XPS and EPS particle generation factors for cutting and/or manually breaking XPS and EPS boards are
reported in the EU RAR or estimated by EPA. EPA estimated emission factors for releases from
demolition as a range of values based on these various particle generation factors to account for various
demolition methods as discussed below.

The quantities of particles generated by manually breaking XPS and EPS foam were measured and are
presented in Table 2-36. Particle Generation Factors for the Demolition of XPS and EPS

(ECHA 2008b). These factors were used in the EU RAR to assess releases from manual deconstruction
of XPS and EPS boards for the purposes of recycling. For material demolished for disposal instead of
recycling, the emission factor reported was 0.1% kg of HBCD released per kg of HBCD in EPS and
XPS that is demolished (ECHA 2008b). EPA rated this emission factor as unacceptable with regard to
systematic review overall confidence because the EU RAR did not include a reference for this value. To
assess releases from demolition by means other than manual deconstruction, EPA assumed particle
generation factors in the case of such demolition are equivalent to the particle generation factors for
cutting with a knife and manually breaking that EPA used to assess releases from construction in the
U.S. as discussed in Section 2.2.9. These particle generation factors pertain to cutting XPS and EPS with
a hot wire or with a knife and manually breaking the boards, and are presented in Table 2-31. Particle
Generation Factors Reported in the EURAR for Sawing or Cutting of XPS/EPS Foam Prior to
Installation

The values given in Table 2-31 are based on the assumption that only 10% of XPS and EPS boards are
sawed or cut. In contrast, EPA assumed that every board is affected during demolition and therefore
multiplied these particle generation factors by 10. The adjusted particle generation factors are given in
Table 2-36. Particle Generation Factors for the Demolition of XPS and EPS

Table 2-36. Particle Generation Factors for the Demolition of XPS and EPS

Method of Cutting Type of Foam Particle Generation Factor
XPS boards 0 gof )iPS particles/metric ton EPS
broken
Manual breaking - -
EPS boards 90 g of ;EPS particles/metric ton EPS
broken

11.2 g of EPS particles /metric ton XPS
cut and broken °

1000 g of XPS particles/metric ton XPS
cut and broken °

Cutting with a knife XPS boards
and then manual

breaking EPS boards

*Measured values that are used in the EU RAR to assess releases from manual deconstruction of XPS and EPS
boards for the purpose of recycling.

® These values were determined by multiplying the corresponding values in Table 2-31. Particle Generation
Factors Reported in the EURAR for Sawing or Cutting of XPS/EPS Foam Prior to Installation

by 10 to account for the breaking of every board.

EPA used a weighted average of the XPS and EPS particle generation factors pertaining to manual
breaking to calculate an emission factor for demolition by manual deconstruction. EPA also used a
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weighted average of the XPS and EPS particle generation factors pertaining to cutting with a knife and
manual breaking to calculate an emission factor for demolition by means other than manual
deconstruction. EPA assumed the share of HBCD used in either XPS or EPS is 50% to calculate the
weighted averages, and the rationale for this assumption is given in Section 2.2.9. These calculated
emission factors are presented in Table 2-38. EPA assessed the emission factor for demolition as a range
of values with these emission factors as the lower- and higher-end of this range.

Number of Release Days and Media of Release

EPA assumed that demolition at any site occurs during a single day and therefore releases occur during a
single day. The size of the generated foam particles is not reported in the EU RAR and EPA assumed
that all generated particles are sufficiently small to be emitted to ambient air initially. Dust controls at
demolition sites are unlikely and EPA expects that dust generated during demolition is released to
ambient air and may subsequently settle and be released in wastewater, 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 2-37 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-37. Demolition of XPS/EPS 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
Fraction of houses of all 0 .
(HUD 2016) types demolished 0.18% High
Fraction of all buildings 0 .
(U.S. EPA 2008b) demolished 0.83% High
(ECHA 2008b) Particle Generation Factor See Table 2-36 High

Environmental Release Assessment Results
The variables used for calculating releases with Equation 2-1 are summarized in Table 2-38.

Table 2-38. Summary of HBCD Releases from Demolition of XPS/EPS 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 . . i
. . emission factors emission factors
1 sites) sites)

1 million 343 27,230 4.50E-05 to Fugitive Air, | 5.06E-04 to Fugitive
pounds/year = surface water, and/or Air; surface water,
458,128 kg/year POTW and/or POTW

Page 142 of 723



https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6386974
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=6388408
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970747

Case: 20-73578, 12/08/2020, ID: 11918900, DktEntry: 1-4, Page 153 of 733

The amount of HBCD released from demolition was calculated with Equation 2-1. The results of these
calculations are summarized in Table 2-39.

Table 2-39. Summary of HBCD Releases from Demolition 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

Method of of emission factors " range of emission factors ”

Release, Total Total Annual RHlours of

. i i elease per
Release Source|  Disposal, An]nual Anlnual D]ally Days of Annual Release Daily Days of Y
Treatment, or L L3 L Release Pt [l Per Site Ll Release 1L b8 Lery

Disech >, | for All | PerSite | (kg/site- Coleer) of Sites | for All (Kg/site- (kg/site- e of Sites | (hr/day)

LISCIALEC Sites  [(kg/site-yr)| day) vy Sites g ) day) vy

(kg/yr) kghyr) | Y

. May go to one
Generation of ye
or more:

foam particles| g iiive Air, | 206 |7.57E-04/7.57E-04] 1 |27.230| 232 |0.675|0675| 1 | 343 8
during hours/day

demolition surface water,
or POTW

* The method of release, disposal, treatment, or discharge may include some or all of those listed depending on site-specific
conditions, including waste handling practices.
> Release estimates are quantities of HBCD in particles of XPS and EPS.

Disposal of HBCD That is Part of Construction and Demolition Waste

Approximately 64 to 70% of construction and demolition (C&D) waste in the United States is disposed
of in landfills and the remaining 30 to 36% is processed for reuse, recycling, or energy recovery (e.g., at
waste energy recovery incinerators) (Townsend et al. 2019; U.S. EPA 2018; Tceq 2017). The C&D
waste that is disposed of in landfills is sent mainly to C&D landfills, but a portion is sent to municipal
solid waste landfills (U.S. EPA 1998; U.S. EPA 2003). The EPA Incident Waste Decision Support Tool
(I-Waste DST) estimated that there were 1,577 C&D landfills in the United States in 2015 (U.S. EPA
2015c) and the Waste Business Journal estimated that there were 1,120 C&D landfills in the United
States in 2019 (Waste Business Journal, 2019). There have historically been between 75 and 97 waste-
to-energy facilities in the United States between 2001 and 2018 (Energy Recovery 2018) and there were
108 waste-to-energy facilities in the United States in 2019 (Waste Business Journal, 2019).

Strengths, Limitations, and Confidence in Assessment Results

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

EPA implemented this approach using emission factor data from the EURAR and estimated volume
using HUD (2016) and U.S. EPA (2008b). The data from these sources both have overall confidence
ratings of high, which is a strength of the assessment.

The strength of the assessment approach is the estimation of HBCD emission factors and amount of
HBCD per demolition site as ranges of values to account for variability in the values of these two
parameters that EPA obtained.

The uncertainty of the assessment is the extent to which the emission factor data and the data on
demolition rate are applicable to the HBCD use activities that would occur in the U.S. In particular, the
particle generation for demolition is expected to vary depending on the destructive method of
demolition. There is uncertainty with the use of cutting of XPS/EPS foam particle generation factor as a
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surrogate for the higher value emission factor for dust generation during demolition activities. Based on
the strength and uncertainties 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. (2017) reported 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 2018f). 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 2018g).

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 2018g). 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 2018f), 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 2015a) for this exposure scenario) 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 2015a; 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 2018g), 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 exposure
scenario 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

exposure scenario, as opposed to the transport of EPS resin beads in bags for the Manufacturing of EPS
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Foam from Imported EPS Resin Beads. For this exposure scenario, 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
may occurs at 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, which accounts for variability
in the number of days a recycling facility may process HBCD containing EPS foam.

The data sources used to estimate releases in this section are listed in Table 2-40 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-40. 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 2-41. Input
Variables to Equation 2-1 for the Recycling of EPS Foam

Table 2-41. Input Variables to Equation 2-1 for the Recycling of EPS Foam

Input Variable
f
A Ns (kg HBCD released/kg HBCD processed) N4
(of HBCD) (sites) (days/yr)
Lower value of emission factors | Upper value of emission factors
20,000 pounds of EPS Container cleaning: 0.01 to Container cleaning: 0.01 to
foam/year = {)40 poundg 7 | 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)
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Equipment cleaning: 0.01 to Equipment 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)

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 2-42.

Strengths, Limitations, and Confidence in Assessment Results

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

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.

The strength of the assessment approach is the estimation of HBCD emission factors and number of
release days as ranges of values to account for variability in the values of these two parameters that EPA
obtained. Furthermore, the strength of the assessment approach is the estimation of the daily release of
HBCD per site as a range of values which encompasses the range of emission factors and the number of
release days that EPA obtained.

The uncertainty of the assessment is 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 uncertainty of the assessment, EPA has medium confidence in the assessment results.
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Table 2-42. 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 R.elease, Annual ATl day) Annual szl (kg/site-day) Number | Release per
P
Source Disposal, Release Relea‘se Release Relea.se of Sites Day
Treatment, or for All Per Site | Number | Numberof | o oy | FPeTSit€ | Number | Number of (hr/day)
discharge * Sites (kg/site- | of release release Sites (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}ce
cleaning | o> 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 Formulation of Flux/Solder Pastes

EPA identified from the TRI data 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 exposure scenario. This exposure scenario 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 2010a). 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 exposure scenario. Indium reported in 2017 to
TRI that the maximum amount of HBCD on-site at any one point during the calendar year was between
1000 to 9,999 Ibs. Indium increased the reported maximum amount of HBCD on-site to 10,000 to
99,000 Ibs, but with overall reduced releases than 2017 TRI. Therefore EPA assessed the exposure
scenario using 2017 TRI data. EPA assessed one solder formulation site based on TRI data (U.S. EPA

2017g).

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
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emptied transport containers from the direct disposal of the emptied containers, and the periodic
cleaning of blending equipment.

Emission Factors

EPA estimated releases from this exposure scenario using release information reported by the
solder/flux formulation site to the 2017 TRI. As indicated by the 2018 TRI data given in Section 1.2.4,
the releases from this site during 2018 are much lower and therefore EPA assessed releases
conservatively.

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
exposure scenario 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 exposure scenario (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 2-43 along with the data
quality score. See Appendix D for more details about data source evaluation.

Table 2-43. Formulation of Flux/Solder Pastes Release Data Source Evaluation

Overall Confidence
Source Reference Data Type Value Rating of Data
See Table 2-44. Summary
of HBCD Releases from
Site-Specific Release Flux/Solder Paste .
(U.S. EPA 2017¢) Quantities Formulation Sites from Medium
2017 TRI Data
(ECB 2003) Release Days > to 300 days/year for all Medium
releases

Environmental Release Assessment Results

The releases, as they were reported to 2017 TRI, are summarized in Table 2-44. Summary of HBCD
Releases from Flux/Solder Paste Formulation Sites from 2017 TRI Data

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 2-44. Summary of HBCD Releases from Flux/Solder Paste Formulation Sites from 2017 TRI

Data
2017 TRI Hours of
Site Exposure Annual Release Per . . a Release
identity scenario Site 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
(I:IEI)]P)(IPU(I;/}I: Stack air *: 6.350 Stack air *: 1.27 Fugitive air % 0.0015
AMERICA Formulation | Unknown disposal ©: | Unknown disposal | Stack air *: 0.021 3 hours/da
Clinton >| ofSolder | 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 confidence in the assessed range of daily release rates that are presented above. EPA
considered the quality of the data, the assessment approach, and uncertainties in assessment results to
determine the level of confidence.

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.

The strength of the assessment approach is the estimation of number of release days and daily release of
HBCD as ranges of values to account for potential variability in the release days associated with the
annual release amounts.

The uncertainty of the assessment is 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 uncertainty of
the assessment, EPA has medium 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
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.
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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 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 exposure scenario.

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 exposure
scenario. 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 exposure scenario.

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 exposure scenario, 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 exposure scenario 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
2-45 summarizes the release sources assessed by EPA. 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 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
OECD ESD indicates that generated process solvents are disposed of as hazardous waste (which EPA
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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 exposure scenario 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 2-45. 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
T o
Equipment Cleaning release 0.01 to 0.02 kg HBCD 100% to Onsite WWT/ E)ig rlgli :setssn:gatbuep t(t)o 2% of
of solid HBCD residuals released/kg HBCD used |POTW Y

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 exposure
scenario 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 exposure scenario (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.

The data sources used to estimate releases in this section are listed in Table 2-46 along with the data
quality score. See Appendix D for more details about data source evaluation.
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Table 2-46. Use of Flux and Solder Pastes Release Data Source Evaluation

Overall Confidence
Source Reference Data Type Value Rating of Data
(ECB 2003) Release Days 4 t0 300 days/year for Medium
all releases

Environmental Release Assessment Results

The variables used for calculating releases with Equation 2-1 are summarized in Table 2-47

Table 2-47. Input Variables to Equation 2-1 for Use of Flux and Solder Pastes

=2,268 kg/yr

0.01 to Onsite WWT and/or POTW

0.02 to Onsite WWT and/or POTW

Input Variable
A% f
(kg HBCD Ns (kg HBCD released/kg HBCD used) Na
. (sites) (days/yr)
imported/yr) Lower values of emission factors Upper values of emission factors
5,000 pounds/yr |227 0.09 to landfill and/or incineration 0.08 to landfill and/or incineration 4-300

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 2-48. 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 confidence in the assessed range of daily release rates that are presented above. EPA
considered the quality of the data. assessment approach, and uncertainties in assessment results to

determine the level of confidence.

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.

The strength of the assessment approach is the estimation of HBCD emission factors and number of
release days as ranges of values to account for variability in the values of these two parameters that EPA
obtained. Furthermore, the strength of the assessment approach is the estimation of the daily release of

HBCD per site as a range of values which encompasses the range of emission factors and the number of
release days that EPA obtained.

The uncertainty of the assessment is 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 uncertainty of the assessment, EPA has medium confidence in the assessment results.
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Table 2-48. 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 Annual Annual Hours of
5 Annual day) Annual day) Numb
; Release Release umber
Release Source Disposal, Release X Release . f Sit Release per
Treatment, or for All Per S.lte Number of |[Number of for All Per S.lte Number of | Number of U BsILE Day (hr/day)
Discharge * Sites (kg/site- |release release Sites (kg/site- | release release
r . . r - -
(kglyr) yr) days: 4 days: 300 (kg/yr) yr) days: 4 days: 300
day/year |day/year day/year | day/year
Equipment cleaning release May go to one
gf slz) lid HBCD regsi duals | OF more: Onsite 22.7 0.100 2.50E-02 | 3.33E-04 45.4 0.200 5.00E-02 | 6.66E-04 227 8 hours/day
WWT or POTW
Disposal of transport May go to one
containers containing solid or more:
HBCD residual and Incineration or 204 0.899 2.25E-01 | 3.00E-03 181 0.799 0.200 2.66E-03 227 8 hours/day
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.

b 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 Recycling of Electronics Waste (E-Waste) Containing HIPS
HBCD was used in the production of HIPS, which can be found in television sets, computers, phones,
and other electronic products (Morf et al. 2005). EPA estimated HBCD releases from e-waste recycling
sites to be equal to the following values as discussed below:
e central tendency estimate: 0.008 to 0.024 kg/day-site;
¢ high-end estimate: 0.12 to 0.38 kg/day-site.

EPA is uncertain of the media of release and hence assesses these rates as rates of releases to air or
landfill or incineration or to some combination of these methods of release, disposal, or treatment
methods.

EPA calculated the HBCD release rates in accordance with the following equations:

Equation 2-2: HBCD release rate from an e-waste recycling Site
R=Xx(Vy +Ng) X Xf;

Equation 2-3: average recycling rate of consumer electronics per e-waste recycling site
Vy, =V, + N

Equation 2-4: total number of e-waste recycling sites
N = Nge X«

Where:
R = the amount of HBCD released per day from an e-waste recycling site to the environment or to
disposal or treatment (kg per day per site)
X = the amount of HBCD contained in recycled consumer electronics (kg HBCD per kg of recycled

electronics)

Vy = annual recycling rate of consumer electronics per site (kg of recycled electronics per year per
site)

Na= the number of HBCD release days per year from a site (days per year)

fi=  emission factor for release of HBCD to the environment or to disposal or treatment from a

particular source at an e-waste recycling site (kg of HBCD released per kg of HBCD contained
in the recycled electronics)

Vi= annual recycling rate of consumer electronics in the U.S. (kg of recycled electronics per year)

Ns= the total number of e-waste recycling sites in the U.S. (sites)

Nse = the number of certified e-waste recycling sites in the U.S. (sites)

a = the ratio of total number of e-waste recycling sites and number of certified e-waste recycling
sites

EPA calculated the central tendency and high-end HBCD releases rates from central tendency and high-
end values of the annual recycling rate of consumer electronics per site (Vy), respectively. To account
for measurement error in the values of the amount of HBCD contained in recycled consumer electronics
(X) and the values of the various emission factors for release of HBCD to the environment or to disposal
or treatment (fi), EPA calculated each of the central tendency and the high-end release rates as a range of
values. The values of the input variables of Equation 2-2, Equation 2-3, and Equation 2-4, that EPA
chose, references for these values and the overall confidence rating of these values is presented in Table
2-49.

EPA determined the values of the input variables of Equation 2-2, Equation 2-3, and Equation 2-4, as
follows:
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1. The Amount of HBCD Contained In Recycled Consumer Electronics, HBCD Emission Factors,
Environmental Media of Release and Treatment and Disposal Methods:

Morf et al. (2005) prepared a mass balance of HBCD in a “modern state-of-the-art” waste electrical and
electronic equipment (WEEE) recycling facility located in Switzerland. They accomplished this by
measuring (a) the mass of WEEE fed to the facility, (b) the masses of the output streams, and (c) the
concentrations of HBCD in all relevant output streams of the facility. They calculated the mass of
HBCD per kg of the recycled WEEE on average, including the parts of the WEEE that are not flame
retarded, to be equal to 17 + 4 mg of HBCD/kg of WEEE. The WEEE fed to the facility consisted of
“small household appliances (e.g., toasters and vacuum cleaners), office and communication appliances
(e.g., personal computers and monitors, printers, phones, and fax and photocopy machines),
entertainment electronics (e.g., television (TV) sets, videos, camcorders, radios, HiFis, and portable
compact disk (CD players), and small size electrical and electronic (E&E) equipment (e.g., plugs and
mobile phones).”

Morf et al. (2005) reported the ratio of the mass of HBCD in an output steam to the mass of HBCD in
the WEEE feed to the facility. These mass ratios and the output steams associated with them are as
follows: the fine-grained plastic fractions (0.574 + 18%), plastics and wooded castings (PC/TV) (0.277
+ 81%), fine-grained metal fractions (0.074 + 24%), dust collected in bag filters (0.04 + 44%), Cu cables
(0.025 £ 45%)), printed circuit boards (0.010 = 25%) and air emitted from these bag filters (0.002%).
EPA’s assessment is that the HBCD contained in the following output streams is released to the
environment or to disposal or treatment: the dust collected in bag filters, the air emitted from the bag
filters, and the fine-grained metal fractions. EPA’s rationale for assessing the release, disposal or
treatment of the HBCD in the fine-grained metal fractions is that e-waste recycling in the U.S. may
include metal extraction (NIOSH 2014a) and this output stream contains plastic impurities (Morf et al.
2005) which may be separated and/or emitted during the processing of this output steam for the purpose
of metal extraction.

EPA’s expectation is that waste streams comprising solid material in filters are disposed of in landfills or
treated via incineration. Also, there may be significant releases to the environment from e-waste
recycling processes that do not include efficient air pollution control devices (Morf et al. 2005). Hence,
EPA’s assessment conservatively is that the dust collected in bag filters, and the fine-grained metal
fractions are released to air, to landfill or to incineration or to some combination of this environmental
medium or disposal or treatment methods. EPA expects that releases to water directly from e-waste
recycling sites is unlikely. At the vast majority of sites surveyed by NIOSH, e-waste is disassembled and
separated (NIOSH 2014b), and these processes do not include aqueous process streams. For example,
the facility examined by Morf et al. (2005) does not include aqueous process streams. Cleaning of
equipment with water between batches is unlikely because contamination is not a problem. Cleaning
surfaces such as floors to remove settled dust is done by vacuuming or compressed air (NIOSH 2014b)
or dry brushing (Rosenberg et al. 2011) although wet mopping and wet brushing are superior to the use
of compressed air or dry brushing as cleaning methods for industrial hygiene reasons (NIOSH 2014b;
Rosenberg et al. 2011).

2. Consumer Electronics Recycling Rates:
The annual recycling rate of selected consumer electronics during 2015 in the U.S. was equal to 1,230
x10° U.S. tons (U.S. EPA 20190). Selected consumer electronics “includes products such as TVs,
VCRs, DVD players, video cameras, stereo systems, telephones and computer equipment.” EPA
selected the value pertaining to the year 2015 because this is largest reported value. The number of
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certified e-waste recycling facilities in the U.S. was 550 during 2015 (U.S. EPA 2016a). Currently there
are 716 certified sites and 29 non-certified sites (e-Steward 2020; Sustainable Electronics Recycling
2020), and EPA calculated o, or the ratio of total number of e-waste recycling sites and number of
certified e-waste recycling sites, from these values. The capacity of a state-of-the-art WEEE recycling
facility in Switzerland is 30,000 metric tons per year (Morf et al. 2005) and the capacity of a state-of-
the-art e-waste recycling facility in Canada is also 30,000 metric tons per year (Tomko and Mcdonald
2013). Accordingly, EPA assumed the high-end value of the rate of recycle of consumer electronics per
site in the U.S. to be equal to 30,000 metric tons/year. EPA assumes that an e-waste recycling facility is
operates 5 days a week and is shutdown a total of two weeks during the year for maintenance and hence
estimate the number of operating days to be 250 days/year.

Strengths, Limitations, and Confidence in Assessment Results

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

The result of EPA’s systematic review is data with an overall confidence rating of medium or high,
which is a strength of the assessment.

The strength of the assessment approach is the estimation of releases based on measurements of HBCD
concentrations in e-waste recycling output streams.

There is uncertainty in the assessed HBCD release rates because the HBCD concentration data, which
pertain to a facility in Switzerland, and the maximum annual e-waste recycling rate per site, which
pertains to Switzerland and Canada, may not represent data that pertain to e-waste recycling facilities in
the U.S.
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Table 2-49. Values, References for, and Overall Confidence Ratings of Input Variables of Equations HBCD Release Rate from E-
Waste Recycling Sites

Input Variables Values of Input Variables o .
vera
of Equation 2-2 .
Equation 2-3 ’ Value Chosen to Calculate the Value Chosgn to Values Chosen ff)r Calculating the Central Reference Tl
q S Teh Central Tendency Release Rate Calculate the High-End | Tendency and High-End Release Rates as a Rating
and Equation 2-4 iy Release Rate e

low-end of range:

21 mg HBCD/kg of recycled electronics
X 17 £ 4 mg of HBCD / kg of recycled electronics (Morf et al. 2005) medium
high-end of range:

13 mg HBCD/kg of recycled electronics

This parameter was calculated from
the values for V; and N and a given (Tomko and
Vy X ! hys & 30,000 metric tons/year not applicable Mcdonald 2013; | medium, high
below in accordance with Equation Morf et al. 2005)
2-3, and Equation 2-4. I —
Na 250 days/year value assumed by EPA not applicable not applicable

low-end of range:

- 0.0224 kg HBCD/kg HBCD
f(dust in bag 0.04 = 44% kg HBCD/kg HBCD

filter) high-end of range:
0.0576 kg HBCD/kg HBCD
f (air emitted from 0.00002 kg HBCD/kg HBCD not applicable (Morfetal. 2005) | medium

bag filter)

low-end of range:

; 0.0562 kg HBCD/kg HBCD
f(fine grain metal 0.074 + 24% kg HBCD/kg HBCD

fractions) high-end of range:
0.0918 kg HBCD/kg HBCD
Vi 1,230 x10° US tons in 2015 not applicable not applicable (U.S. EPA 20190) medium
Nse 550 sites in 2015 not applicable not applicable (U.S. EPA 2016a) high
1.04 (calculated by EPA from the (e-Steward 2020;
Sustainable

o current number of certified and non- not applicable not applicable = medium

. . Electronics
certified sites) Recycling 2020)
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2.2.15 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
1.2.3, 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 companies in 2016 importing a total of 399,315 kg/yr (880,339 lbs/yr) of
HBCD, and 1 company importing 46,096 kg/yr (101,624 1bs) in 2017. The 101,624 1bs of import in
2017 were from one consignee in two equal shipments of 23,048 kgs (50,812 lbs). The import of HBCD
has been steadily declining since the United Nations 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 exposure scenarios.

EPA performed the sensitivity analyses for three exposure scenarios at process volumes per site of
50,000 Ibs/yr and 25,000 Ibs/yr to examine the effect of process volume on environmental releases and
the resulting general population and environmental exposures. EPA selected 50,000 Ibs/yr based on the
imported volume reported in one shipment for HBCD (2017), and to account for the declining use of
HBCD, EPA also considered a lower volume of 25,000 Ibs/yr. The exposure scenarios considered in the
sensitivity analysis represent the exposure scenarios 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 exposure scenario is discussed in their
respective sections: Section 2.2.2, Section 2.2.4, and Section 2.2.6. For all of the selected exposure
scenarios, 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).

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 of. The quantities of releases at the different process
volumes are presented in Table 2-50. Summary of HBCD Releases from Sensitivity Analysis of
Repackaging of Import Containers

An explanation of the emission factors for this exposure scenario 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 /site- day) for this exposure scenario did not
significantly change. The lower value of the number of release days (i.e., operating days for this
exposure scenario) 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
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adjust proportionally the number of release days, the effect was similar daily releases. EPA also deemed
that the higher value of release days, 300 days, should be adjusted to stay within a reasonable range of
daily throughputs based on the expected repackaging process and the reported daily throughput given by
a repackaging site (NICNAS 2012b).

Processing to Produce 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 exposure scenario are presented in Section 2.2.4. The releases at the different
process volumes are presented in Table 2-51. 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 to Produce 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 exposure scenario are presented in Section
2.2.6. The releases at the different process volumes are presented in Table 2-52. The changes in daily
release into the environment varies depending on the estimated number of release days 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 resulted in little
change for the calculated daily releases at the lower value of release days. The higher value of release
days was reported by a EPS foam manufacturer (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 Ibs/yr and
25,000 Ibs/yr of HBCD.
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Table 2-50. Summary of HBCD Releases from Sensitivity Analysis of Repackaging of Import Containers

Releases calculated from lower value | Releases calculated from upper value

of range of emission factors P of range of emission factors P
Daily Rel Daily Release
Method of Release, Disposal, Treatment, or Annual al y' clease Annual y'
Release Source Discharee * 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 ?|release days ¢ yr)° |release days Y 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 0.13 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

* 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.

°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
volume using EU TGD B-tables (ECB 2003), which required rounding to the nearest integer for release days. 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 Ib/yr), 150 days/yr (50,000 Ib/yr), 75 days/yr (25,000 1b/yr).
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Table 2-51. Summary of HBCD Releases from Sensitivity Analysis of XPS Foam Manufacturing Using XPS Masterbatch

Release Source

Method of Release,
Disposal, Treatment, or
Discharge *

Releases calculated from lower value of
range of emission factors P

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 9

Upper
Number of

release days
€

Annual import volume

=100,000 pounds HBCD/yea

r

Unknown — these data were reported by EU sites in

May go to one or more:

the EURAR as total annual release per site

WWT, POTW

the EURAR as total annual release per site Stack air or fugitive air 2.63 2.63 0164 2.63 2.63 0-164
N May go to one or more:
U“k?ﬁfggﬁfﬁl‘:i;igifnfaﬁor:f;g F;Esi;es ™ Surface Water, Onsite 0.486 0.486 3.24E-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
N May go to one or more:
Unkglovgldg;eada:atzernrji"::iby F;(rj Siites ™ Surface Water, Onsite 0.243 0.243 1.62E-02 0.60 0.60 0.040
e s to se per site 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
o May go to one or more:
Unknown - these data were reported by EU sites in| ¢ "o Wver Onsite 0.121 0.121 8.10E-03 0.30 0.30 0.020

© Based on the assumption of one given site.

¢ 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.
P Release estimates are quantities of HBCD. The physical form of these releases is solid mixtures containing polystyrene and HBCD.
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Table 2-52. 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,

. . . . 45.4 2. 324 22 14.1 1.62
converting process onsite WWT, POTW, Landfill, or Incineration > 83 0.3 7 7 6
Equipment cleaning May go to one or more: surface v&./ater, F)ns1te WWT, POTW, 454 283 304 454 283 394

landfill, or Incineration
Disposal of transport
. Landfill 454 28.3 3.24 454 28.3 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, 227 283 162 297 783 1.62
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 >7 14.17 0.40
Equipment cleaning May go to one or more: surface 'water', onsitt WWT, POTW, 13 283 031 13 783 031
landfill, Incineration
Disposal of transport Landfill 13 283 0.81 13 283 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.

P 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
yr) ¢ [release days Yrelease days ¢ ¥r) ¢ [release days 9 release days °

° The upper number of release days is 140 days/year (all annual import volumes).
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2.2.16 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 exposure scenario of HBCD
based on information provided by industry, information from literature or assumes maximum import
volume set at the CDR reporting threshold. For the exposure scenarios involving processing of HBCD
into XPS and EPS foam (discussed in Section 2.2.2 through 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 influencing daily releases rates. EPA evaluated
the exposure scenarios related to XPS and EPS foam manufacturing only at 100,000 pounds per year,
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. 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. For demolition and disposal of XPS/EPS foam insulation (Section 2.2.10),
EPA used the same assumptions to estimate number of demolition sites based on volume information on
the amount of HBCD in the built environment.

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 (U.S. EPA
2018g). 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 exposure scenario; 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 exposure scenario 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 uncertainty. In addition, there is uncertainty as to whether this historical proportion is still reflective
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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. 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 automobile replacement parts (Section
2.2.8). EPA used 2017 TRI data to estimate the number of sites and associated releases for the
formulation of HBCD into solder/flux pastes (Section 2.2.12), 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 exposure scenario. For certain exposure
scenarios (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. In particular, uncertainty 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. There is also
uncertainty about the extent to which the release data in the EURAR is applicable to the evaluated
exposure scenarios 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 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 exposure scenario 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 exposure scenarios, they are not
necessarily specific to the use of HBCD within these industries. In some cases, OECD ESDs or GSs use
modeling approaches listed in EPA ChemSTEER User Guide (U.S. EPA 2013a). Although there is no
statistical characterization of the emission factors from 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
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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 HBCD throughput at the sites . 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 exposure scenarios, 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 has been detected in a wide variety of environmental and biological media, as expected based on
its environmental fate properties such as high persistence in soil, surface water, and groundwater, and its
bioaccumulation and bioconcentration tendencies. This environmental exposure assessment focuses on
HBCD concentrations in surface water, sediment, and soil, as these are the media which were evaluated
to determine risks to aquatic (pelagic and benthic) and terrestrial organisms (refer to Section 3 and
Section 4 on hazard and risk characterization, respectively). Ambient air was only assessed for its
contribution via deposition to these media. Levels in wildlife were examined, but were not brought
forward to the environmental risk estimation due to the incompatibility of the hazard and wildlife
biomonitoring data available, as will be explained in Section 4.

Releases from industrial facilities, indoor sources (building materials and dust), and long-range transport
all contribute to levels in the environment. However, source attribution and temporal trends from these
disparate sources is complex. As such, EPA used two main approaches to estimate environmental
exposures. A non-scenario specific approach was used to estimate environmental exposures based on
media concentrations not related to a specific COU release estimate; whereas, a scenario specific
approach was used to estimate environmental exposures that are based specifically on the COU release
estimates. The non-scenario specific approach is generally more applicable to background or away from
facility estimates, but may also be used to represent exposures in industrial areas that contain facilities
relevant to the COUs or other facilities. The approaches used a variety of data types as appropriate,
including:
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1) Monitoring data: Measured concentrations from the analysis of primary source monitoring
data (direct use of monitoring data),

2) Modeling data: Predicted concentrations from EPA modeling (modeling data), and/or

3) Concentrations from the interpretation or scaling of monitoring or modeled data (i.e., use of
meta-analysis results, scaling of modeling work by others, etc.).

A summary of the approaches is provided in Table 2-53 and described further below.

Non-Scenario Specific Approach

For the non-scenario specific exposure approach, EPA screened, evaluated, and extracted 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 environmental concentrations and
overall trends. EPA characterized the data by proximity to industrial facilities based on contextualizing
information provided in the data source. Sampling locations described as industrial, downstream of a
facility, or in proximity of a facility were characterized as “near facility” (or point source). All
remaining data, often with sampling locations described as background, urban, suburban, or rural, were
characterized as “away from facility” (or non-point source). Characterization based on distance between
the sampling location and industrial facility or source attribution is typically not feasible for open source
literature studies because they generally do not provide this information. Additionally, studies do not
always provide the industrial sector of the nearby industrial facilities, which would help to further
characterize the source of HBCD. While primary source monitoring data is the preferred data type for
the non-scenario specific approach, EPA also evaluated monitoring and modeling data provided in
completed assessments.

For the non-scenario specific approach, EPA carried forward for risk estimation an overall central
tendency concentration and high-end concentration for near facility and away from facility datasets.
Since only limited U.S. data was identified through systematic review, data from the U.S. as well as
other high-income countries as classified by the World Bank (June 2019) were included in the final
analysis (https://datahelpdesk.worldbank.org/knowledgebase/articles/9065 19-world-bank-country-and-
lending-groups). High-income countries were selected as surrogate countries based on the assumption
that these countries have manufacturing, processing, and use characteristics that are most likely to
resemble those in the United States. A description of the statistical approach to estimating the central
and high-end concentrations can be found in Risk Evaluation for Cyclic Aliphatic Bromide Cluster
(HBCD), Supplemental Information on General Population, Environmental, and Consumer Exposure
Assessment (U.S. EPA 2019d). In short, EPA estimated an arithmetic mean and 90" percentile value for
each dataset based on its distribution type (lognormal or normal), and from these values calculated an
overall central tendency (mean of means) and high-end value (average of 90™ percentile). The
distribution type was determined from the type and combination of statistical parameters available in the
study (i.e., geometric mean, arithmetic mean, median, geometric standard deviation, standard deviation,
minimum, and/or maximum). Most combinations were assigned a lognormal distribution type, unless
mean estimates were outside the range of reported data. A normal distribution type was assigned to
datasets with only a mean and standard deviation or when the mean and medians were the same.
Datasets were excluded from the final analysis dataset when not enough parameters were available to
estimate a mean or 90" percentile (i.e., only a range of values or only a minimum or maximum value
was reported). The Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental
Information on General Population, Environmental, and Consumer Exposure Assessment (U.S. EPA
2019d) also contains charts that summarize all extracted data and tables with metadata (number of
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samples, country, location type, sample years, detection limit, detection frequency, and the data
evaluation score).

Scenario Specific Approach

For the scenario specific exposure approach, no monitoring data specific to U.S. facilities that
manufacture, process, and/or dispose of HBCD related to the conditions of use being assessed were
identified. Therefore, EPA relied on modeling potential releases from facilities using release information
discussed in Section 2.2. The 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). A tiered modeling approach was
implemented for surface water concentrations. E-FAST, a simple dilution based model, was first used to
estimate total chemical surface water concentrations in streams. 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 concentrations and under-estimate the chemical concentration that is sorbed
to soil. Since HBCD’s physico-chemical properties lends it to potentially partitioning into various media
(Section 2.1), 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 which
incorporates partitioning and degradation. The VVWM-PSC model was also used to estimate settled
sediment in the benthic region of streams. As discussed in Section 2.3.6, a sensitivity analysis was
conducted on select inputs used in the aquatic modeling. Finally, EPA used [IOAC to estimate air
deposition from facility releases, and calculate resulting soil concentrations near the facilities. [IOAC
uses pre-run results from a suite of AERMOD dispersion scenarios at a variety of meteorological and
land-use settings, as well as release emissions, to estimate particle deposition at different distances from
sources that release chemical substances to the air. For contextual purposes only, the IIOAC deposition
results were applied to a generic farm pond setting to calculate concentrations of HBCD in pond surface
water and pond sediment.

For the scenario specific approach, EPA carried forward to risk determination all surface water and
sediment concentrations calculated using VVWM-PSC (second tier model), as well as surface water
concentrations from scenarios modeled in E-FAST (first tier model) that were not triaged for further
modeling in VVWM-PSC.

Table 2-53. Overview of Approaches Used in HBCD Environmental Exposure Assessment

Non-Scenario Specific Scenario Specific
Primary Data Type * Monitoring e Modeling
Characterization o Near industrial facility (point source) or e Near industrial facility (point source)
away from industrial facility (non-point e Specific to COUs
source)
o Not specific to a COU
Facility Estimates/ ¢ Not applicable e COU specific (refer to Section 2.2). Releases
Releases were not modeled for a specific facility,
rather hypothetical subscenarios with in each
COU.
Variability o Central and high-end values e Lower and upper of days of release/yr and
emission factors, and different release media
types (refer to Section 2.2)
Surface e Direct use of monitoring data (near and e Modeling of water releases to rivers (Tiered
Water away from facility) approach using E-FAST and VVWM-PSC)
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Media e Modeling data from completed assessment | e Modeling of air deposition to ponds (IIOAC)
Specific (near and away from facility) (contextual purposes only)
Data Types

Modeling of water releases to rivers
(VVWM-PSC)

Modeling of air deposition to ponds (IIOAC)
(contextual purposes only)

Sediment | e Direct use of monitoring data (near and .

away from facility)

e Modeling data from completed assessment | e
(near and away from facility)

e Meta-analysis of monitoring data in

completed assessments

Soil* e Background: Direct use of monitoring data| e Modeling of air deposition to soil (IIOAC)
e Biosolids: Interpretation of monitoring and
model data
Wildlife® | e Direct use of monitoring data e Not applicable

e Meta-analysis of monitoring data in
completed assessments

2 For soil, the background soil and biosolid soil concentrations were combined with air deposition to soil concentrations for
an overall soil concentration value.
® For wildlife, concentrations were not brought forward to risk estimation.

Water and Air Release Condition of Use Subscenarios for Scenario-Specific Approach

Modeling was conducted by EPA for conditions of use with water and/or air releases, assuming a
conservative process volume of 100,000 pounds/year/site based on the CDR reporting threshold (Section
2.2.1) for exposure scenarios 1 through 6. Lower, more refined facility estimates were used for exposure
scenarios 8 through 12. Up to twelve sub-scenarios per each exposure scenario were created to describe
the range of potential exposure by combining the different identified release types (surface water, on-site
WWT and/or POTW for water releases; stack, fugitive and/or incineration for air releases) with upper
and lower limits (if available) of the number of days of release and emission factors.

Table 2-54 summarizes the water release subscenarios that were used in the E-FAST and VVWM-PSC
models and Table 2-55 summarizes the air release subscenarios that were used in the IIOAC model.
Detailed subscenario tables are provided in Appendix E.

Table 2-54. Summary of Subscenarios Used Across Conditions of Use for Water Releases of
HBCD

Facility Number of Range of
Water Type of Water Estimate Emission Daily
. Ccou ab . . Release
Scenarios Release® (Ib/site/yr) Factor Davsd Release
Y (kg/site/day)
W1.1to |l.Repackaging of On-site, 100.000 Low: 0.001 Low: 29 1.5E-01 to
W1.8 |Import Containers POTW ’ High: 0.005 High: 300 7.8E+00
2. Compounding of
W2.1to |Polystyrene Resin to Surgﬁiﬂsi\;ater, 100.000 Low: 3.22E-05 Low: 10 2.4E-02 to
W2.12 |Produce XPS ’ ’ High: 7.42E-05 High: 60 3.4E-01
POTW
Masterbatch
3. Manufacturing of ) )
W3.1 to XPS Foam using XPS Surface Water, 100.000 Low: 1.08E-05 Low: 1 3.2E-02 to
W3.12 oam using On-site, POTW : High: 2.63E-05 | High: 15 1.2E+00
Masterbatch
W4.1 to ;;\g?ufifturi?g i Surface Water, 100.000 Average: 1.02E- Low: 1 3.9E-02 to
W4.6 0am using On-site, POTW : 05 High: 12 4.6E-01
HBCD Powder
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Facility Number of Range of
Water Type of Water Estimate Emission Daily
3 Ccou ab 3 . Release
Scenarios Release® (Ib/site/yr) Factor Days¢ Release
(kg/site/day)
5. Manufacturing of Low: 0.011
W5.1to |EPS Foam from Surface Water, 100.000 (combined) Low: 16 3.6E+00 to
WS5.12  |Imported EPS Resin On-site, POTW ’ High: 0.015 High: 140 4.2E+01
beads (combined)
W6l to |5 ANIANINE O | urpuce Water, || Low:5.06E-05 | Low:16 | 7.6E-03to
W6.12 On-site, POTW ’ High: 2.25E-04 | High: 300 6.4E-01
Replacement Parts
Residential:
W8.1 to |8. Installation of Surface Water, 37; Low: 5.06E-05 Low: 1 8.5E-04 to
W8.4 |Insulation in Buildings POTW Commercial: | High: 2.25E-04 High: 3 1.0E-01
2,941
9. Generation of foam
WO.1 to :cles duri Surface Water, Low: 37 Low: 4.5E-05 1 7.57E-04 to
w94 |Partictes during POTW High: 2,945 | High: 5.06E-04 0.675
demolition
Low: 0.021
W10.1 to |10. Recycling of EPS Surface Water, 70 (combined) Low: 1 4.8E-03 to
W10.12 |Foam On-site, POTW High: 0.025 High: 140 7.9E-01
(combined)

Wi12.1 to . Low: 0.01 Low: 4 3.3E-04 to
WI12.8 12. Use of Solder On-site, POTW 22 High: 0.02 High: 300 5 0E-02
2For each release source, water releases were modeled depending on the potential for the release to go directly to surface
water [Surface Water], to on-site wastewater treatment [On-site], and/or to publicly owned treatment works [POTW]. The

type of release influences two modeling input parameters: 1) Stream flow (million liters per day) and 2) wastewater
removal rates (%). For surface water and on-site WWT release types, the E-FAST default stream flow of “POTW All”
was assigned to COU 8 and the default stream flow of “Plastic Resins” was assigned for all other COUs. For POTW
release types, the E-FAST stream flow default for “Industrial POTWs” was used.

b A water removal rate of 90% was applied to the on-sitt WWT and POTW releases and no treatment was assumed for
surface water.

¢ Where identified in literature, EPA utilized a low and high emission factor, with the characterization of those emission
factor described in further details in Section 2.2. If multiple emission factors were identified for the same type of release
media the emission factors were combined.

4'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 2-55. Summary of Scenarios Used Across Conditions of Use for Air Releases of HBCD

Air Type of Air Fa.c111ty Emission L0 Range of Daily
Scenarios LY Release LTIELY Factor LG Release (kg/site/day)
(Ib/site/yr) Days g y
Al.l to . Fugitive, Stack, Low: 0.001 Low: 29
ALL2 1. Import/Repackaging Incineration 100,000 High: 0.005 | High: 300 1.5E-01 to 7.8E+00
2. Compounding of . ) .
Aizl g" Polystyrene Resin to Fugitive, Stack | 100,000 Iﬁfw}v} 2‘ 13211;_%2 Ilio“l’l 16% 4.6E-03 to 3.3E-02
) Produce XPS Masterbatch g/ 1eh-
3. Manufacturing of XPS
A3.1to . . Low: 5.79E-05| Low: 1
A3.4 Foam using XPS Fugitive, Stack | 100,000 High: 5.80E-05| High: 16 1.6E-01 to 2.6E+00
Masterbatch
A4.1to |4. Manufacturing of XPS Fugitive, Stack, Average: Low: 1
A4.12  |Foam using HBCD Powder | Incineration 100,000 7.29E-06 High: 16 2.1E-02 t0 2.3E+01
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Air Type of Air Fa.c111ty Emission NIITLERC Range of Daily
Scenarios cou Release Estimate Factor Release Release (kg/site/day)
(Ib/site/yr) Days & y
. Low: 0.021
5. Manufacturing of EPS . .
A5.1 to Fugitive, Stack, (combined) Low: 16
A5.12 Foam from Imported EPS Incineration 100,000 High: 0.04 | High: 140 3.2E-01 to 1.1E+02
Resin beads .
(combined)
A61 to | Manutactunng OFSIPS Try oitive. Stack,| |00 000 | LOW: SO6E-05 | Low: 16 | oo oo
A6.12 Incineration ’ High: 2.25E-04 | High: 300 | ™ ’
Replacement Parts
Residential:
A8.1to |8. Installation of Insulation Fugitive, 37; Low: 5.06E-05| Low: 1
A8.4 in Buildings Incineration |Commercial:| High: 2.25E-04 | High: 3 8.5E-04 to I.1E01
2,941,
9. Generation of foam .. Low: 37
WO.1 to 9.2 particles during demolition Fugitive High: 2,045 4.5E-05 1 7.57E-04 to 0.675
Low: 0.021
A10.1 to . Fugitive, Stack, (combined) Low: 1
A10.12 10. Recycling of EPS Foam Incineration 70 High: 0.025 | High: 140 2.3E-04 to 7.9E-01
(combined)
All.l to . .\ d d Low: 5
Alld 11. Formulation of solder Fugitive, Stack High: 300 1.5E-03 to 1.3E+00
Low: 0.08
Al2.1 to . . (combined) Low: 4
Al2.4 12. Use of Solder Incineration 22 High: 0.09 | High: 300 2.7E-03 to 2.2E-01
(combined)
2For each release source, air releases were modeled depending on whether the releases were from fugitive, stack or
incineration emissions.
® 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.
4Daily release estimates were based on releases reported to 2017 TRI

2.3.2.1 Non-Scenario Specific Approach

The non-scenario specific approach uses measured media-specific monitoring data to characterize
background exposure to HBCD where releases attributed to historical and current conditions of use may
be encompassed. As described below in Section 2.3.2.2, all exposure scenarios with surface water
releases have predicted surface water and sediment HBCD concentrations, except for land disposal of
other formulated products and articles (e.g., adhesives, coatings, textiles, and electronics) via the
potential leaching capacity of HBCD from these facilities (not through the disposal process of these
formulated products and articles) or runoff. In lieu of having media-specific release information for this
condition of use via leaching or surface runoff, background information (monitoring data) is used as a
proxy to characterize the risk to aquatic organisms.

2.3.2 Aquatic Environment - Surface Water and Sediment

EPA first evaluated environmental exposures to aquatic organisms based on environmental monitoring
data as well as modeled site-specific exposures or exposure scenarios. This non-scenario-specific
approach estimates background exposure from a multitude of different sources. The totality of
background exposure includes steady-state environmental exposures ongoing releases not associated
with a particular COU, background/indirect exposures from minor use products (e.g., textiles, electrical
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and electronic products, adhesives, and coatings) (Section 1.2.8), and releases stemming from historical
activities (Section 1.2.9) due to HBCD’s persistence in the environment.

2.3.2.1.1 Surface Water Concentrations
EPA identified and extracted measured concentrations of HBCD in surface water from thirteen primary
source studies. This dataset includes samples collected between 2006 and 2016 from rivers and lakes
located in the United States (Great Lakes area), Antarctica, Canada, China, Denmark, England, Japan,
Korea, Netherlands, Poland, and South Africa. A summary of occurrence of HBCD in surface water is
presented in the Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental
Information on General Population, Environmental, and Consumer Exposure Assessment (U.S. EPA
20194d).

Near facility
Following data aggregation and statistical analysis procedures, three studies were included in the

surrogate country dataset for the near facility (point source) characterization. The central tendency and
high-end surface water concentrations were 0.84 and 0.99 nug/L, respectively, with a maximum reported
concentration of 3.1 pg/L. Overall, a tight range of values was reported. Concentrations at the higher
end of the range were detected in Poland in 2014 near industrial facilities that recycle plastic materials
(Kowalski and Mazur 2014) and in Japan in 2011 near dyeing and textile factories (EC/HC 2011). No
U.S. near facility monitoring data was identified. A review of completed assessments shows similar
results; with a maximum of 1.52 pg/L reported in the European Commission risk assessment (EINECS
2008) for a small tributary receiving surface water from a production facility estate in the UK.

Modeled site-specific and generic near facility estimates were also compiled from various international
sources. In fresh or seawater, concentrations ranged from 4.8E-5 to 370 pg/L (EINECS 2008; EC/HC
2011; NICNAS 2012; ECHA 2017b). The highest concentration represents a worst case generic scenario
of an intermittent (single day) release from the industrial use of XPS (ECHA 2017b). Ilyina and
Hunziker 2010 predicted concentration in the North Sea using the Fate and Transport Ocean Model
(FANTOM). Using estimated annual emissions for EU industrial sites, they estimated that HBCD
concentrations in the surface water layer ranged from 10 to 0.1 pug/L. The modeling indicates that
concentrations decline steeply with increasing distance from point sources and respond immediately to
changes in emission, however, a product might be transported to remote environments depending on its
half-life in the atmosphere.

Away from Facility

Following data aggregation and statistical analysis procedures, four studies were included in the
surrogate country dataset for the away from facility (non-point source) characterization. The central
tendency and high-end surface water concentrations were 4.1E-04 and 8.0E-04 pg/L, respectively, with
a maximum reported concentration of 0.0067 ug/L. The highest concentration was reported in Japan
from a study which collected samples from 19 sampling locations in the Yodo River basin consisting of
forest, paddy field, and city areas, as well as highly urbanized and industrialized areas (Ichihara et al.
2014). This study reported flow rates and as well as estimated pollutant loads. It is noteworthy that the
lowest flow river, the Yamato River, had the highest HBCD concentration. In the only U.S. study,
(Venier et al. 2014) measured HBCD in surface water samples from the Great Lakes. Overall
concentrations ranged from 2.0E-7 ug/L to 4.4E-6 pg/L, with an average of 1.2E-6 pug/L in detected
samples (detection frequency of 14 out of 23 samples). Similar low concentrations were observed in
nine lakes in the UK, with average concentrations ranging from 8.0E-5 ug/L to 2.7E-4 pg/L (Harrad et
al. 2009).
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Table 2-56. Summary of Central Tendency and High-End Estimated Surface Water
Concentrations from Monitoring Data

Number of | Yumber of Estimated Concentrations (ug/L)
. o . . Studies
Site Characterization Studies .
Identified I,nd“ded In | Central Tendency High-End
Final Dataset
Near Industrial a
Facility® (Point Source) > 3 0.84 0.99
Away from Facility® .
(Non-Point Source) 0 4 4.1E-04 8.0E-04

 Near industrial facility studies: (Ichihara et al. 2014; Kowalski and Mazur 2014; Oh et al. 2014)
®Away from facility studies: (Law et al. 2006; Harrad et al. 2009; Ichihara et al. 2014; Venier et al. 2014)

2.3.2.1.2 Sediment Concentrations
EPA identified and extracted measured concentrations of HBCD in surface water from 55 primary
source studies. This dataset includes samples collected between 1974 and 2016 from freshwater and
seawater in the United States, Australia, Canada, China, Czech Republic, England, Italy, Japan, Korea,
Kuwait, Netherlands, Norway, Singapore, South Africa, South Korea, Spain, and Switzerland. A
summary of occurrence of HBCD in sediment is presented in the Risk Evaluation for Cyclic Aliphatic
Bromide Cluster (HBCD), Supplemental Information on General Population, Environmental, and
Consumer Exposure Assessment (U.S. EPA 2019d).

Near Facility
Following data aggregation and statistical analysis procedures, six studies were included in the surrogate

country dataset for the near facility (point source) characterization. The central tendency and high-end
surface water concentrations were 3,443 and 5,073 pg/kg, respectively, with a maximum reported
concentration of 85,000 pug/kg. The final surrogate country dataset included only one U.S. study, La
Guardia (La Guardia et al. 2010), sediment samples were collected in 2009 in the vicinity of a municipal
wastewater treatment plant (WWTP) in North Carolina that was likely receiving waste from a textile
manufacturer. Total HBCD concentrations ranged from 3.1 to 42.9 pg/kg dw downstream of the outfall
(0 to 44.6 km) and was not detected upstream from the outfall. Although not included in the final dataset
due to incomplete statistical data reported, similar but lower concentrations ranging from non-detect to
3.7 ng/kg were reported in Marvin (Marvin et al. 2006), for suspended sediment samples collected in
urban/industrial areas of the Detroit River in 2001. The higher concentrations (2.6 to 3.7 ug/kg) were
reported in areas of contemporary industrial activity and the lower concentrations were associated with
areas of historical industrial activity. The maximum concentration in the dataset is from Haukas (Haukas
et al. 2010b), a Norwegian study that sampled sediment from a highly contaminated fjord with the likely
source of HBCD from a local polystyrene production plant. The next highest reported concentration was
7,800 pg/kg from a Japanese study (Oh et al. 2014) that collected sediment from a river receiving
effluents from textile industries. Two studies in Spain, (Guerra et al. 2009) and (Guerra et al. 2010),
reported a trend with higher sediment concentrations located near point sources and decreasing sediment
concentrations downstream from point sources, and non-detects upstream or further away from point
sources.

Away from Facility

Following data aggregation and statistical analysis procedures, 14 studies were included in the surrogate
country dataset for the away from facility (non-point source) characterization. The central tendency and
high-end surface water concentrations were 6.2 and 19.8 pg/kg dw, respectively, with a maximum
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reported concentration of 1,680 ng/kg dw. However, many studies in this dataset are based on statistical
summaries for a range of land use patterns, thus the highest concentration were often from areas
reported to be industrial in nature. HBCD concentrations from studies in which industrial activity was
not reported tended be less than 10 ug/kg dw. The two U.S. studies included in the surrogate country
dataset included (Yang et al. 2012) which reported surface sediment concentrations ranging from 0.04 to
3.1 pg/kg dw collected from the five Great Lakes in 2007 and (Klosterhaus et al. 2012) which reported
surface sediment concentrations ranging from 0.01 to 2 pg/kg dw collected from the San Francisco Bay
estuary in 2007. As mentioned above, (Marvin et al. 2006) reported that suspended sediment in the
Detroit River in areas of historical industry activity were less than 2.6 ng/kg.

The EC (EINECS 2008) assessment characterized sediment concentrations both near point sources and
away from point sources in a meta-analysis of 16 studies encompassing locations in Belgium (Scheldt
Basin), Switzerland, Spain, Ireland, Norway, Sweden, and United Kingdom. Reported concentrations
ranged from 0.05 to 511 pg/kg for areas not impacted by point sources. 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. When considering pollution by
industrial activities, the maximum observed concentrations were more than 30,000 pg/kg, but were
associated with production of HBCD and the textile industry.

Modeled site-specific and generic near facility estimates were also compiled from various international
sources. In fresh or marine sediment, concentrations ranged from 1.0E-3 to 4.0E+6 png/kg (EINECS
2008; EC/HC, 2011; NICNAS 2012b; ECHA 2017b) The highest concentration represents a worst case
generic scenario of an intermittent (single day) release from the industrial use of XPS (ECHA 2017b).
Ilyina (Ilyina and Hunziker 2010) predicted concentration in the North Sea using the Fate and Transport
Ocean Model (FANTOM). Using estimated annual emissions for EU industrial sites, they estimated
HBCD concentrations in the surface water layer ranged from 10 E -4 to 10 pg/kg.

Table 2-57. Summary of Central Tendency and High-End Estimated Sediment Concentrations
from Monitoring Data

Number of | T\umber of Estimated Concentrations (ug/kg)
. . . Studies
Site Characterization Studies i
Identified | Mcluded in | Central Tendency High-End
Final Dataset
Near In(:iustrlal Facility 15 6 3,443 5.073
(Point Source)
Away from Facility b
(Non-Point Source) 45 14 6.2 19.8

4 Near industrial facility studies: (Sellstrom et al. 1998; La Guardia et al. 2012; Haukas et al. 2010b; Oh et al. 2014; Al-
Odaini et al. 2015; Stiborova et al. 2017)

YAway from facility studies: (Ramu et al. 2010; Klosterhaus et al. 2012; Yang et al. 2012; Harrad et al. 2009; Haukés et al.
2009; Haukas et al. 2010b; Kohler et al. 2008; Minh et al. 2007; Morris et al. 2004; Remberger et al. 2004; Jeong et al. 2014;
Luigi et al. 2015; Lyons et al. 2015; Al-Odaini et al. 2015; Anim et al. 2017)

2.3.2.2 Scenario Specific Approach
This section describes the method and results from the scenario specific approach to estimating
concentrations in the aquatic environment, when water releases are estimated to occur. E-FAST was
used as a first-tier model to identify where modeled surface water column concentrations did or did not
exceed aquatic hazard values. 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
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values, the resulting model predictions represent high-end exposures estimates. EPA acknowledges the
conservative nature of this approach, and used the VVWM-PSC, to further describe environmental
exposures as described later in this section. The VVWM-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. Appendix G contains the daily release amounts and environmental concentrations for
each subscenario modeled.

2.3.2.2.1 E-FAST: Predicted Flowing Surface Water Concentrations (First Tier
Modeling)
EPA’s Exposure and Fate Assessment Screening Tool (E-FAST), Version 2.0, was specifically
developed to support EPA assessments of potential environmental exposures. The E-FAST model
contains default parameter values that allow for exposure estimations of a chemical in the surface water
after a source emits the chemical into a water body by considering simple dilution. EPA uses Equation
2-5 to estimate surface water concentrations in E-FAST.

Equation 2-5

R x CF1 x (1—%)

SWe = SF x CF2

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

Inputs

Release (kg/site/day)

As discussed in Section 2.2, the daily release values (kg/site/day) were calculated using a production
volume of 100,000 Ibs/yr/site (or another lower facility specific estimate), emission factors (kg HBCD
released/kg HBCD handled), and number of release days per year. Refer to Table 2-54 for a summary of
the release values by COU and Appendix G for subscenario specific release values.

Removal from wastewater treatment (%)

Removal from wastewater treatment is the percentage of the chemical removed from wastewater during
treatment before discharge to a body of water. As discussed in Section 2.1.2.4, removal from wastewater
treatment for HBCD was estimated at 90%. EPA assumed that treatment occurs for “on-site WWT” and
“POTW? release types, and that 90% removal was achieved. EPA assumed that direct releases to water
did not receive wastewater treatment and no wastewater treatment removal was applied. 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.
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Flow of receiving river (million liters per day)

E-FAST requires the selection of a receiving stream flow from the E-FAST 2014 database. For site-
specific assessments, the stream flow is selected by searching for a facility’s National Pollutant
Discharge Elimination System (NPDES) permit number, name, or the known discharging waterbody
reach code. As no specific facilities were identified for the HBCD assessment for water releases, stream
flows were selected using the “SIC Code Option” within E-FAST. This option uses the 10th and 50th
percentile stream flows of all facilities in a given industry sector, as defined by the Standard Industrial
Classification (SIC) codes of the industry sector. For all “surface water” and “on-site WWT” release
types, the sector based stream flows used were “POTW All” for subscenarios in COU 8§ (installation of
insulation into building scenario) and “Plastic Resins” for subscenarios in all other COUs. For the
“POTW” release type, the SIC based stream flow of “Industrial POTWs” was used. These SIC Code
stream flows were selected because they were thought to best represent the industrial activity associated
with the conditions of use and release type.

The flow of rivers is highly variable and is dependent on many factors such as weather patterns and
effluent released from different facilities. The volume of a river varies over time with different flows
expected seasonally and from year to year. The 10" and 50 percentile 7Q10 flows, which represent the
lowest expected weekly flow over a ten-year period, were selected for use in the ecological risk
assessment. In general, the 10" percentile flow values are approximately a factor of 10 lower than 50
percentile flows. The flows for the selected industry sector/SIC Code are shown in Table 2-58. Although
not used in the ecological assessment, harmonic means are also shown since they were used to calculate
surface water concentrations for the scenario specific fish ingestion scenario in the highly exposed
human exposure assessment. Harmonic mean flow values represent long-term average flow conditions.

Table 2-58. Receiving Stream Flow Values

Sector Within EFAST

7Q10 Flow MLD
50" percentile

7Q10 Flow MLD
10" percentile

Harmonic Mean
Flow MLD
50" percentile

Harmonic Mean
Flow MLD
10" percentile

SIC Code- Plastic Resins 4.0E+02 8.0E+00 1.3E+03 4.5E+01
SIC Code- Industrial POTW 7.8E+01 7.8E+00 2.9E+02 4.0E+01
SIC Code- All POTW 2.7E+01 1.1E+00 1.3E+02 1.1E+01

QOutputs

Overall, surface water concentrations ranged from 8.30E-05 to 1.10E+02 pg/L using the 50th percentile
7Q10 flows and 4.20E-03 to 5.30E+03 using the 10th percentile 7Q10 flows. Refer to Table 2-59 for a
summary of modeled surface water estimates by condition of use, and Appendix E.7 for results by sub-

scenario.

Table 2-59. Estimated HBCD Surface Water (ug/L) Concentrations Using E-FAST

: 7Q10 SWC 7Q10 SWC
Water Scenarios 50th percentile 10th percentile
W1.1 to W1.8 3.7E-02 - 1.0E+01 1.9E+00 - 1.0E+02
W2.1 to W2.12 6.1E-03 - 8.4E-01 3.0E-01 - 4.2E+01
W3.1 to W3.12 1.0E-02 - 3.0E+00 4.0E-01 - 1.5E+02
W4.1 to W4.6 9.7E-03 - 1.2E+00 4.9E-01 - 5.8E+01
WS5.1 to W5.12 8.8E-01 - 1.1E+02 4.4E+01 - 5.3E+03
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Water Scenarios

7Q10 SWC
50th percentile

7Q10 SWC
10th percentile

Wé6.1 to W6.12

1.9E-03 - 1.6E+00

9.5E-02 - 8.0E+01

W8.1 to W8.4

3.2E-04 - 3.7E-01

8.0E-03 - 9.4E+00

W9.1 to W9.4

2.8E-03 — 2.5E+01

7.2E-02 - 6.4E+02

W10.1 to W10.12

1.2E-03 - 2.0E+00

5.9E-02 - 9.9E+01

W12.1 to W12.8

8.3E-05 - 6.4E-02

4.2E-03 - 6.4E-01

Bold = concentration above water solubility of 66 pg/L

Advantages to the E-FAST model are that it requires minimal input parameters and it has undergone
extensive peer review by experts outside of EPA. 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 (between dissolved and suspended
sediment within the water column or between the water column and the benthic environment) and
degradation parameters that were employed in the PSC model. Additionally, low-flow stream inputs
combined with high-release estimates may yield overly conservative surface water concentrations
greater than the water solubility of HBCD.

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
(EC/HC, 2011) considered these parameters when estimating surface water and sediment concentrations
of HBCD in rivers receiving HBCD from two types of point sources (raw material handling and
compounding). Surface water and sediment concentrations were estimated at 100 m from the facility and
5,000 m from the facility using a fugacity-based model with 10 downstream boxes each with water and
sediment compartments. The model is based on the principles described by Cahill et al. (2003), and
more generally Mackay (1991). The Canadian modeled estimates ranged from 0.04 to 15 pg/L in surface
water at 100 m from the facility, which is within the range of the E-FAST estimated values. At 5 km
from the facility, the modeled concentrations ranged from 0.03 to 10 pg/L. In sediment, the Canadian
model predicted concentrations from 230 to 108,200 pg/kg. The Canadian estimates were modeled using
a quantity of 10,000 kg/year with 60 days of release and 100,000 kg/year with 200 days of release,
combined with worst-case emission factors of 0.055% (raw material handling) and 0.6%
(compounding), and treatment removal rates of 0, 57, and 90%. Stream discharge was set to 0.85 m?/s
(73 MLD) to represent the 25™ percentile of observed rates in Southern Ontario. This resulted in 6
subscenarios per point source. It is noteworthy that this modeling was conducted when releases to
surface water from uses of HBCD were likely higher than they are today.

2.3.2.2.2 VVWM-PSC: Predicted Flowing Surface Water Concentrations (Second Tier
Modeling) and Sediment Concentrations

As a second tier approach, EPA used the Variable Volume Waterbody Model (VVWM) - Point Source
Calculator (PSC) (U.S. EPA, 2019q) to model dissolved water and settled sediment concentrations
separately, using the same surface water release estimates used in E-FAST (refer to Table 2-54 for the
daily release estimates). 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
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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.

Inputs
More information on the equations used to estimate surface water and sediment concentrations are

available in the PSC user guide (U.S. EPA, 2019q). 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 the HBCD assessment, constant flows matching the SIC-based flow
values used in E-FAST were selected (refer to Table 2-58). 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. 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 2-60 displays the inputs used to run the
VVWM-PSC for HBCD.

Table 2-60. Inputs for Modeling HBCD Sediment Concentration using VVWM-PSC

T f c
Input ype 0 Value Units, Comments Reference
Input

Sorption Coefficient (Koc) Chemical 100,000 ml/g (ECHA 2017b)
Water Column,
Hydrolysis, and Photolysis Chemical 365 Days
Half-lives

(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 4F-6 atm-m3/mole (U.S. EPA 2012b)
Heat of Henry Chemical 41570 J/mol (U.S. EPA 2019q)

Varies can add separate
Loading schedule Chemical table and/or add Offset, number of days
. on and off
combinations here.
River width Environment 8 Meters
River depth Environment 2 Meters (EC/HC 2011)
River length Environment 100 Meters
Flow rate Environment Varies See Table 2-37 (U.S. EPA 2014c)
DFAC Environment 1.19 Photolysis parameter: | \; ¢ ppa 2919q)
Represents the ratio of
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Type of c
Input yp Value Units, Comments Reference
Input
vertical path lengths to

depth
Water Column Suspended . (Dodds and Oakes
Sediment Environment 50 mg/L 2004)
Chlorophyll Environment 0.005 mg/L
Water .Column Fraction Environment 0.04 Fraction
Organic 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 2019q)
Bulk Density Environment 1.35 g/cm3
Benthic Fraction Organic Environment 0.04
Content
Benthic Dissolved Oxygen Environment 5.0 mg/L
Content
Benthic Biomass Environment 0.006 g/m2
Mass Transfer Coefficient Environment le-8 m/s

Outputs
A summary of the estimated surface water and sediment concentrations from VVWM-PSC by condition

of use is provided in Table 2-61 based on 7Q10 50" percentiles and in Table 2-62 based on 7Q10 10%
percentiles. Sediment concentrations were calculated for both a 11 and 128 day benthic half-life to
account for the large range of values. The 1-day average overall surface water column concentrations are
similar to estimated surface water 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). See Section 2.3.6
regarding the qualitative sensitivity analysis associated with these results.

Table 2-61. Estimated HBCD Surface Water Concentrations (ug/L) and Sediment Concentrations

g/kg) Using VVWM-PSC with 50™ Percentile 7Q10 Flows
Water Water Water Water Water \C&:::Ler:m Se;lllment Se(/iliment
Water [Column1 |Column Column Column pg/L. |Column 21 21 da lzlg dag ;g df
Scenarios |Day Dissolved 1 Suspended 1 |21 day day Dissolved y y Y
average Da /L Day pg/L average /L Suspended average average
g y ng y 1 g ng ng/L 128y anye
Wil.1to| 3.7E-02 - 2.8E-02 - 5.6E-03 - 3.0E-02 - 2.3E-02 - 4.6E-03 - 7.7E+01- | 3.4E+01 -
W1.8| 9.7E+00 7.3E+00 1.5E+00 9.4E-01 7.1E-01 1.4E-01 2.0E+03 8.7E+02
W2.1to| 3.7E-02 - 2.8E-02 - 5.6E-03 - 1.8E-03 - 1.3E-03 - 2.7E-04 - 2.8E+00- | 1.3E+00 -
W2.12| 8.3E-01 6.3E-01 1.3E-01 4.0E-02 3.0E-02 6.0E-03 6.3E+01 3.0E+01
W3.1to| 8.0E-03- 6.0E-03 - 1.2E-03 - 3.8E-04 - 2.9E-04 - 5.8E-05 - 8.9E-01 - | 4.0E-01 -
W3.12| 2.9E+00 2.2E+00 4 4E-01 1.4E-01 1.1E-01 2.1E-02 1.2E+02 8.9E+01
Wd4.1to| 9.6E-03 - 7.3E-03 - 1.5E-03 - 4.6E-04 - 3.5E-04 - 6.9E-05 - 82E-01 - | 3.7E-01 -
W4.6| 1.1E+00 8.6E-01 1.7E-01 5.4E-02 4.1E-02 8.2E-03 4.6E+01 3.5E+01
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Water Water Water Water Water ‘g:::ﬁ:m Se(/lliment Set/ll:ment
Water [Column1 |Column Column Column pg/L. |Column 21 21da !218g df ;g df
Scenarios |Day Dissolved 1 Suspended 1 |21 day day Dissolved y y y
average Da /L Da; /L average /L Suspended average average
W5.1to| 8.8E-01- 6.6E-01 - 1.3E-01 - 2.9E-01 - 2.2E-01 - 4.5E-02 - 7.6E+02- | 3.3E+02-
W5.12| 1.1E+02 7.9E+01 1.6E+01 5.0E+00 3.8E+00 7.6E-01 1.2E+04 5.5E+03
W6.1 to| 8.4E-03 - 6.4E-03 - 1.3E-03 - 1.7E-03 - 1.3E-03 - 2.6E-04 - 4.1E+00- | 1.9E+00 -
W6.12| 1.6E+00 1.2E+00 2.4E-01 7.5E-02 5.7E-02 1.1E-02 1.8E+02 8.3E+01
W8.1to| 29E-03- 2.2E-0 -3 4.4E-04 - 1.4E-04 - 1.1E-04 - 2.1E-05 - 1.2E-01- | 8.9E-02-
WS8.4| 3.4E+00 2.6E+00 5.1E-01 4.9E-01 3.7E-01 7.4E-02 1.6E+02 1.1E+02
W9.1to| 236+00- | 1.7E+00 - 3.5E-01 - 1.1E-01 - 8.5E-02 - 1.7E-02 - | 9.4E+01- | 7.0E+01 -
W9.4| 23E+01 1.7E+01 3.5E+00 1.1E+00 8.5E-01 1.7E-01 9.4E+02 7.0E+02
W10.1to| 12E-02- 8.9E-03 - 1.8E-03 - 3.9E-03 - 3.0E-03 - 6.0E-04 - 6.6E+00- | 4.5E+00 -
W10.12| 2.0E+00 1.5E+00 3.0E-01 9.3E-02 7.1E-02 1.4E-02 9.6E+01 6.0E+01
Wi12.1to| 6.2E-03- 4.7E-03 - 9.3E-04 - 2.9E-04 - 2.2E-04 - 4.5E-05 - 2.9E-01 - 1.9E-01 -
WI12.8| 6.2E-02 4.7E-02 9.4E-03 3.0E-03 2.3E-03 4.5E-04 2.9E+00 1.9E+00
a sediment benthic half-life (days)
Bold = concentration above the water solubility of 66 pug/L

Table 2-62. Estimated HBCD Surface Water Concentrations (ug/L) and Sediment Concentrations
(ug/kg) Using VVWM-PSC with 10" Percentile 7Q10 Flows

Water Water Water Column Water Water ‘C‘Z)i;::le;m Se(/lliment Se(/lliment
Water |Column1 |Column Column pg/L |Column 21 nerie nerie
. . Suspended 1 . 21 day 28 day 28 day
Scenarios |Day Dissolved 1 21 day day Dissolved
e Day pg/L Day pg/L e ng/L Suspended |average average
pg/L (128)® an?

W11 to| 1.7E+00 - 1.3E+00 - 2.6E-01 - 1.5E+00 - 1.1E+00 - 2.2E-01 - 3.6E+03 - 1.4E+03 -
W1.8| 7.6E+01 5.7E+01 1.1E+01 8.9E+00 6.7E+00 1.3E+00 1.9E+04 7.2E+03
W21 to| 14E+00- 1.1E+00 - 2.1E-01 - 7.9E-02 - 5.9E-02 - 1.2E-02 - 1.3E+02 - | 5.4E+01 -
W2.12| 3.1E+01 2.4F+01 4.7E+00 1.8E+00 1.3E+00 2.7E-01 2.9E+03 1.2E+03
W3.1to| 3.0E-01- 2.3E-01 - 4.6E-02 - 1.8E-02 - 1.4E-02 - 2.7E-03- | 4.1E+01- | 1.6E+01 -
W3.12| 1.1E+02 8.3E+01 1.7E+01 5.7E+00 4.3E+00 8.6E-01 4.7E+03 3.5E+03
W4.lto| 3.6E-01- 2.7E-01 - 5.5E-02 - 2.1E-02 - 1.6E-02 - 3.1E-03 - 3.9E+01 - | 1.5E+01 -
W4.6| 43E+01 3.2E+01 6.5E+00 2.2E+00 1.7E+00 3.3E-01 1.8E+03 1.4E+03
W5.1to| 3.6E+01- | 2.7E+01 - 5.4E+00 - 1.4E+01 - 1.1E+01 - 2.1E+00- | 3.6E+04- | 1.4E+04-
W5.12| 4.0E+03 3.0E+03 6.0E+02 2.4E+02 1.8E+02 3.6E+01 5.7E+05 2.3E+05
W6.1to| 3.9E-01 - 2.9E-01 - 5.9E-02 - 7.9E-02 - 6.0E-02 - 1.2E-02 - 1.9E+02 - | 7.6E+01 -
W6.12| 6.0E+01 4 5E+01 9.0E+00 3.5E+00 2.7E+00 5.3E-01 8.5E+03 3.4E+03
W8.1to| 20E-02- 1.5E-02 - 3.0E-03 - 1.3E-03 - 9.8E-04 - 2.0E-04- | 1.1E+00- | 7.6E-01 -
W8.4| 2.4E+01 1.8E+01 3.6E+00 1.7E+00 1.3E+00 2.6E-01 2.0E+03 9.0E+02
WI9.1to| 1 6E+01- | 1.2E+01- 2.4E+00 - 1.0E+00 - 7.7E-01 - 1.5B-01- | 8.4E+02- | 6.0E+02 -
W9.4| 1.6E+02 1.2E+02 2.4E+01 1.0E+01 7.7E+00 1.5E+00 8.4E+03 6.0E+03
W10.1to| 48E-01- | 3.6E-01- 7.3E-02 - 1.9E-01 - 1.4E-01 - 2.8E-02- | 2.6E+02- | 1.8E+02-
W10.12| 7.3E+01 5.5E+01 1.1E+01 3.8E+00 2.8E+00 5.7E-01 3.1E+03 2.3E+03
W12.1 to| 23E-01 - 1.7E-01 - 3.5E-02 - 1.2E-02 - 9.2E-03 - 1.8E-03 - 1.3E+01 - | 7.4E+00 -
W12.8| 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)
Bold = concentration above the water solubility of 66 pg/L
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2.3.2.2.3 IIOAC: Predicted Pond Water and Sediment Concentrations
With an estimated half-life in air of more than two days, and having been detected in Arctic
environmental media, there is strong evidence of HBCD’s potential for long-range transport (UNEP
2010b). EPA calculated the concentration of HBCD in pond water and sediment resulting from air
deposition using a two-step process.

In the first step, near-facility HBCD annual deposition rates were modeled using EPA’s Integrated
Indoor-Outdoor Air Calculator (IIOAC) for 11 condition of use-exposure scenarios with air releases.
Under each scenario, multiple model runs were performed to include different source types and high-end
and central tendency release estimates, as summarized in Table 2-55. For scenarios with site-specific
information, this information was used in the [IOAC model runs to determine the meteorological station
and population setting. When site-specific information was not known, representative central tendency
and high-end meteorological stations were used, along with other default parameters in Appendix G.
Table Apx F-4 in the Environmental Exposure appendix presents the modeled range of total annual
particle deposition for each exposure scenario by source type (fugitive, stack, incineration) and by
receptor (fenceline, community). Fenceline estimates were defined as 100-meter from the source while
community-averaged estimates were within 100 to 1,000-meter from the facility. From the table, the
highest total annual particle deposition amongst all exposure scenarios was:

e 2.28E-05 g/m? at the fenceline (100 m from the source); and
e 1.75E-06 g/m® at “community” receptors beyond the fenceline (100 to 1,000 m from the source).

Background deposition rates of HBCD were also reported in a recent study near the Great Lakes and
ranged from non-detectable levels up to 82 ng/m?/d, with an average of 2.3 ng/m?/d. These values
corresponded 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 IOAC-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

Using the deposition rates estimated by IIOAC and the background deposition rates reported by (Robson
et al. 2013), the total annual deposition and resulting surface water and sediment concentrations were
calculated for a generic farm pond scenario. The scenario is based off of EPA’s Office of Pesticides
(OPP) standard farm scenario as described in various models such as the EXAMS model and
GENEEC?2. Equation 2-6 was used to calculate the total annual deposition to the water body (ng) and
the HBCD surface water and sediment concentrations were calculated using Equation 2-7 and Equation
2-8, respectively.

Equation 2-6
AnnDep = TotDep X Ar X CF

Where
AnnDep = Total annual deposition to water body catchment (ug)
TotDep = Annual deposition flux to water body catchment (g/m?)
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Ar
CF

Equation 2-7

Where

PondW aterConc
AnnDep

Ar

Pond Depth

CF

Equation 2-8

Where

PondWaterConc
AnnDep
Ar

Pond Depth

Mix
Dens

Area of water body catchment (m?)
Conversion of grams to micrograms

PondWaterConc =

PondSedimentConc =

AnnDep
Ar X Pond Depth

Annual-average concentration in water body (ng/kg)

Total annual deposition to water body (ng)

Area of water body (m?); default = 10,000 m? from EPA OPP
standard farm pond scenario

Depth of pond; default =2 m from EPA OPP standard farm pond
scenario

Conversion of cubic meters to liters

AnnDep
Ar X Mix X Dens

Annual-average concentration in water body (ug/kg)

Total annual deposition to water body (ng)

Area of water body (m?); default = 10,000 m? from EPA OPP
standard farm pond scenario

Depth of pond; default =2 m from EPA OPP standard farm pond
Scenario

Mixing depth (m); default =0.1 m

Density of sediment; default = 1,300 kg/m? from the European
Commission Technical Guidance Document (ECB 2003)

The highest estimated surface water and sediment concentrations amongst all exposure scenarios is
provided in Table 2-63. Summary of Annualized Deposition and Estimated Pond Surface Water and
Sediment Concentration from Air Deposition for fenceline receptors (100 m from the source) and
“community” receptors beyond the fenceline (100 to 1,000 m from the source). For comparison, the
concentrations calculated from the average and high-end deposition from (Robson et al. 2013) is also
provided. The concentrations were in the same order of magnitude as the surface water and sediment
concentrations estimated using VVWM-PSC.
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Table 2-63. Summary of Annualized Deposition and Estimated Pond Surface Water and Sediment
Concentration from Air Deposition

. Estimated Estimated
Annualized .. o0
Scenario Name Deposition Concentration in Concentration in
(gljmz y) Pond Water Pond Sediment
(ng/L) (ng/kg)
Highly Exposed Population - High-end
IIOAC-modeled fenceline 2.3E-05 1.1E-02 1.8E-01
Highly Exposed Population - High-end
IIOAC-modeled community 1.8E-06 8.7E-04 1.4E-02
Background - High-end from (Robson et 3.0E-05 1 5B-02 2 3E-01
al. 2013)
zaczlf)glr;;md - Average from (Robson et R AF-07 49E-04 6.5E-03

2.3.3 Terrestrial Environment — Soil

2.3.3.1 Non-Scenario Specific Approach — Air Deposition and Biosolid Application
This non-scenario specific approach uses measured media-specific monitoring data to characterize
background exposure to HBCD where releases attributed to historical and current conditions of use may
be encompassed. As described below in Section 2.3.3.2, all exposure scenarios with air releases have
predicted soil HBCD concentrations, except for the recycling of electronics waste containing HIPS and
land disposal of other formulated products and articles (e.g., adhesives, coatings, textiles, and
electronics). In regards to the recycling of electronics waste containing HIPs, a semi-quantitative
screening approach was used to compare industrial releases associated with this exposure scenario to
those of other exposure scenarios with air releases; the release days and amount of HBCD released were
factors considered to determine whether this exposure scenario will likely have soil concentrations of
HBCD that may exceed the chronic hazard threshold for earthworms. In regards to the land disposal of
textiles, electrical and electronic products, adhesives and coatings, in lieu of having media-specific
release information for this condition of use via leaching or surface runoff, background information
(monitoring data) is used as a proxy to characterize the risk to aquatic organisms.

EPA first evaluated environmental exposures to terrestrial organisms from soil based on environmental
monitoring data as opposed to modeled site-specific exposures or exposure scenarios. This non-
scenario-specific approach estimates background exposure from a multitude of different sources. The
totality of background exposure includes steady-state environmental exposures to ongoing releases not
associated with a particular COU, background/indirect exposures from minor use products (e.g., textiles,
electrical and electronic products, adhesives, and coatings) (Section 1.2.8), and releases stemming from
historical activities (Section 1.2.9) due to HBCD’s persistence in the environment. For the non-scenario
specific approach, EPA estimated soil concentrations from two sources: air deposition and biosolids
application.

Air deposition

For air deposition, EPA identified and extracted measured concentrations of HBCD in soil from 21
primary source studies. This dataset includes samples collected between 1999 and 2015 in Belgium,
Cambodia, China, Indonesia, Sweden, and Vietnam. No U.S. studies were identified. A summary of
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occurrence of HBCD in soil is presented in the Risk Evaluation for Cyclic Aliphatic Bromide Cluster
(HBCD), Supplemental Information on General Population, Environmental, and Consumer Exposure
Assessment (U.S. EPA 2019d).

Following data aggregation and statistical analysis procedures, the surrogate country datasets included
only one study for near facility (point source) characterization and two studies for background (non-
point source) characterization. The near facility study was (Remberger et al. 2004), in which three soil
samples were collected between 300 and 700 m from a flame retardant XPS plastic production facility in
Sweden, with concentrations ranging from 140 to 1,300 pg/kg dw (calculated central and high-end
values of 1,016 and 1,254 pg/kg dw). The two background studies were Covaci et al. 2009 and Newton
et al. 2015. In Covaci et al. 2009, soil samples were collected in the perimeter of a home chicken run in
Belgium. In Newton et al. 2015, soil samples were collected in undisturbed rural and urban areas in
Stockholm, Sweden. The estimated central and high-end values from these studies are 1.4 and 3.0 pg/kg
dw, respectively.

Most soil studies were collected in China. (Wu et al. 2016b) reported soil concentrations ranging from
0.3 to 249 pg/kg dw, with a median of 5.14 pg/kg dw, from samples collected in 2012 in areas that
represented a wide variety of land-use types. The soil concentration was influenced by the sample depth
as well as proximity to facilities, with higher concentrations reported near industrial areas. In another
Chinese study, (Tang et al. 2014) collected 90 samples across in residential and agricultural areas across
the Ningbo Region of China. The overall range of soil concentrations reported was ND (<0.068 nug/kg)
in farmland areas to 103 pg/kg in industrial areas; land-use highly influenced the overall magnitude of
reported soil concentrations.

Table 2-64. Summary of Central Tendency and High-End Estimated Soil Concentrations from
Monitoring Data

Number of | Yumber of Estimated Concentrations (ug/kg)
. o e . Studies
Site Characterization Studies Inel .
Identified ncluded in | ceptral Tendency High-End
Final Dataset
Near In@ustnal Facility 9 8 1016 1254
(Point Source)
Away from Facility b
(Non-Point Source) 17 2 1.4 3.0

a Near industrial facility studies: (Remberger et al. 2004)
bAway from facility studies: (Covaci et al. 2009; Newton et al. 2015)

Biosolid application

EPA assumes that HBCD that may be deposited to soil through application of biosolids to agricultural
lands. EPA identified and extracted sludge concentrations from 17 studies. Overall, samples were
collected between 2000 and 2016 from Australia, Canada, China, Czech Republic, Indonesia,
Netherlands, South Korea, Spain, Sweden, Switzerland, and the United States. A summary of
occurrence of HBCD in biosolids is presented in the Risk Evaluation for Cyclic Aliphatic Bromide
Cluster (HBCD), Supplemental Information on General Population, Environmental, and Consumer
Exposure Assessment (U.S. EPA 2019d).

Two U.S. studies were identified. Venkatesan (Venkatesan and Halden 2014) reported a concentration
of 19.8 ng/kg dw in a single composite sewage sludge sample representing 94 WWTP in 32 U.S. states.
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The samples were collected for EPA’s 2001 national sewage sludge survey (NSSS). La Guardia (La
Guardia et al. 2010) collected secondary sewage sludge samples from a drying lagoon in 2002, 2005,
2007, and 2008 from one publicly owned WWTP in the Mid-Atlantic U.S. The facility treated domestic
and industrial waste, including discharges from an automobile interior manufacturer, although the
manufacturer relocated from the area in mid-2006. Only one sample, consisting of several grab samples
combined, was analyzed each year. Total HBCD concentrations corrected for TOC content (7 to 28%)
were 324, 400,000, 23125, and 3,171 pg/kg dw, with a geometric mean concentration of 100,000 pg/kg
dw (10 mg/kg). These concentrations are several orders of magnitude higher than the levels reported in
Venkatesan (Venkatesan and Halden 2014), presumably due to the industrial nature of the waste
received at the WWTP.

To assess soil concentrations resulting from biosolid applications, EPA relied upon modeling work
conducted in Canada (EC/HC 2011), which used Equation 60 of the European Commission Technical
Guidance Document (TGD) (ECB 2003). The equation in the TGD is as follows:

Equation 2-9
Csludge X ARsludge

PEC,,; =
soil Dsoil X BDsoil

where:
PECsin = Predicted environmental concentration (PEC) for soil (mg/kg)
Csiudge = concentration in sludge (mg/kg)
ARsiudge =  application rate to sludge amended soils (kg/m*/yr); default = 0.5 from Table A-11 of
TGD
Dsoit = depth of soil tillage (m); default = 0.2 m in agricultural soil and 0.1 m in pastureland
from Table A-11 of TGD
BDsoii = bulk density of soil (kg/m?); default = 1,700 kg/m? from Section 2.3.4 of TGD

The concentration in sludge was assumed to 10 mg/kg dw based on (La Guardia et al. 2012), which was
the value also used in the Canadian assessment (EC/HC 2011). Using these assumptions, the estimated
soil concentrations after the first year of application were 15 ng/kg in tilled agricultural soil and 30
ug/kg in pastureland.

A limitation of Equation 2-9 is that it 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.

2.3.3.2 Scenario Specific Approach — Air Deposition
Soil concentrations from air deposition were also estimated for the condition of use scenarios with air
releases. The air deposition modeling was conducted using IIOAC. A description of the modeling and
the deposition results is provided above in Section 2.3.2.2.3. For comparison, EPA also reviewed
deposition from (Robson et al. 2013), assuming that the observed per-day fluxes from were held
constant for a year. Using the deposition rates, the HBCD concentration in soil was calculated with the
following equations:

Equation 2-10
AnnDep = TotDep X Ar X CF
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Where
AnnDep = Total annual deposition to soil (ng)
TotDep = Annual deposition flux to soil (g/m?)
Ar = Area of soil (m?)
CF = Conversion of grams to micrograms

Equation 2-11

. AnnDep
SotlConc = 2= Mix x Dens
Where
SoilConc = Annual-average concentration in soil (ng/kg)
AnnDep = Total annual deposition to soil (nug)
Mix = Mixing depth (m); default = 0.1 m from the European Commission
Technical Guidance Document (ECB 2003)
Ar = Area of soil (m?)
Dens = Density of soil; default = 1,700 kg/m* from the European Commission

Technical Guidance Document (ECB 2003)

The above equations assume instantaneous mixing with no degradation or other means of chemical
reduction in soil over time and that HBCD loading in soil is only from direct air-to-surface deposition
(i.e., no runoff).

Table Apx F-5 in the Environmental Exposure appendix presents the range of calculated soil
concentrations corresponding to the emission scenarios considered. From the table, the highest estimated
soil concentration amongst all exposure scenarios was:

e 1.34E-01 pg/kg at the fenceline (100 m from the source); and
e 1.03E-02 pg/kg at “community” receptors beyond the fenceline (100 to 1,000 m from the
source).

These soil concentrations can be compared to results obtained when background deposition rates from
(Robson et al. 2013) are used:

e 1.76E-01 pg/kg based on the maximum background deposition from (Robson et al. 2013); and
o 4.94E-03 pg/kg based on the average background deposition from (Robson et al. 2013).

Among the deposition scenarios modeled with IIOAC, 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
areas of soil since they cover a larger surface area. The highest IOAC-modeled deposition at the
community receptors is nearly a factor of 5 above the average “background” value observed in the
monitoring study of (Robson et al. 2013). Differences in HBCD concentrations in soil are proportional
to differences in deposition. It is logical that the high-end modeled values of deposition and soil
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
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reported by (Robson et al. 2013). Table 2-65 summarizes the total annual deposition rates and
corresponding soil concentrations.

Table 2-65. Summary of Annualized Deposition and Estimated Soil Concentration from Air
Deposition

. Estimated
] Annualized .. -
Scenario Name Denositionl(z/m2y) Concentration in Soil

(ng/kg)
Highly Exposed Population - High-end IIOAC- 2.3E-05 1.3E-01
modeled fenceline
Highly Exposed Population - High-end IIOAC- 1.8E-06 1.0E-02
modeled community
Background - High-end from (Robson et al. 2013) 3.0E-05 1.8E-01
Background - Average from (Robson et al. 2013) 8.4E-07 4.9E-03

Screening Approach Used to Characterize Exposure for the Recycling of Electronics Waste Containing
HIPs

EPA estimated central tendency and high-end air releases of HBCD from electronic recycling sites to be
0.024 and 0.38 kg/site-d, respectively, for a duration of 250 days. EPA compared the air release
estimates for electronic recycling sites to those that were previously used to quantify HBCD soil
concentration (via air deposition) for releases associated with other conditions of use (Appendix F.1.2).
The daily release amounts of HBCD and number of release days estimated for electronic recycling sites
fall within the range as those used to characterize and estimate soil HBCD concentrations from air
deposition for other conditions of uses. Specifically, in comparison to exposure scenario 6.12, where the
daily release of HBCD (3.8 kg/site-d) and number of release days (300 days) are both higher than those
predicted for electronic recycling sites, the resulting soil HBCD concentration for exposure scenario
6.12 is 3.66E-03 pg/kg for fenceline communities (near industrial facilities). This exposure scenario’s
estimated soil concentration of HBCD does not surpass the hazard threshold for soil organisms (173,000
pg /kg). Due to the unlikelihood that the lower release amounts and days for electronic recycling sites
will surpass those used for any of the other conditions of use, soil concentrations of HBCD due to air
deposition were not estimated using methods outlined above in Appendix F.1.2 for the exposure
scenario regarding the recycling of electronics waste containing HIPs.

2.3.3.3 Combined Soil Concentration — Air Deposition, Background, Biosolid
Application
The overall magnitude of the contribution of air deposition to soil concentrations is generally low, <1
ng/kg for all scenarios considered. Further, background soil concentrations based on the soil monitoring
were below 10 pg/kg. Therefore, an estimated high-end soil concentration of HBCD from all sources,
including biosolids application (30 pg/kg), air deposition (1 pg/kg), and background (10 pg/kg) would
be slightly higher (41 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.
2011a), 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 Risk
Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on General
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Population, Environmental, and Consumer Exposure Assessment. Monitoring data was extracted for a
variety of wildlife, including amphibians, aquatic invertebrate, aquatic mammals, birds, fish, terrestrial
mammals, and vegetation.

Certain studies demonstrate that wildlife are more highly exposed when they are close to point sources
i.e., certain species that live near effluent discharge sites (Haukas et al. 2010a). Due to HBCD’s
persistence and potential for long-range transport (UNEP 2010b), 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
The monitoring and modeling data presented in the preceding sections is summarized in Table 2-66.
Values with an asterisk indicate that the value was carried forward to risk estimation. A comparison of
the near-facility monitoring concentrations with the scenario-specific modeled concentrations based on
estimated release data indicate general agreement of data. While a meta-analysis using raw data would
have provided a more robust approach, raw data was generally not available for most studies.

Table 2-66. Comparison of Published Literature and Modeling Results for Concentrations of
HBCD in Surface Water, Sediment, and Soil

Environmental Media
Point
Data Type Sél:;lf:ecs t:-Zilit(:: Sediment Concentration Soil Concentration PSou.rc.et
/k /k roximity
(ug/L) (ng/kg) (ng/kg)
Modeled Estimates
Near
E-FAST modeled 8.3E-05 — 1.1E+02 NA NA (Scenario-
estimates (50" low flow) Specific)
E-FAST modeled Near
. th 4.2E-03 — 5.3E+03 NA NA (Scenario-
estimates (10" low flow) Specific)
*21- -
VVWM-PSC modeled 21 D.ay Average *28-Day Average: Near .
. 0 Dissolved: NA (Scenario-
estimates (50™ low flow) 1 1E-04 — 3.8E+00 1.2E-01 — 1.2E+04 Specific)
*21-
VVWM-PSC modeled 21 Day Average *28-Day Average: Near .
. i Dissolved: NA (Scenario-
estimates (10" low flow) 9.2E-03 — 1 8E+02 1.1E-00 — 5.7 E+05 Specific)
Near
II0OAC .n?odeled . <1 <1 k<] (Scenario-
(Deposition from air) Specific)
Robson et al. (2013)
(Deposition from air) <1 <1 <1 Far
Biosolid Application NA NA *30 Near
Raw Materials Handling
Modeled Estimates from 5.0E-01 — 1.5E+01 3.6E+03 — 1.8E+05 NA
(EC/HC 2011) - 100 m - Near
from facility Compounding
1.0E-01 — 1.3E+00 3.3E+02 — 9.9E+03 NA
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Modeled Estimates from

Raw Materials Handling

3.0E-01 — 1.0E+01 2.6E+03 — 7.7E+04 NA
(EC/HC 2011) - 5 km Far
from facility Compounding
3.0E-02 — 9.0E-01 2.3E+02 — 7.0E+03 NA
Modeled Estimates from
(EC 2008) 4.8E-5 — 3.7E+02 1.0E-3 — 4.0E+06 4.5E-1 -9.1E+04 Near
Monitoring Data
High income: High income: High income:
2.5E-3 - 3.1E+00 (n=3) | 7.5E-02 — 8.5E+04 (n=11) | 1.4E+2 - 1.3E+03 (n=1)
Near
Non-high income: Non-high income: Non-high income:
6.0E-5 — 1.8E+00 (n=2) | 5.0E-03 —2.75E+04 (n=4) | 5.0E-03 —3.2E+04 (n=8)
All Extracted Data
High income: High income: High income:
2.0E-7 - 6.7E-03 (n=6) | 2.0E-3 —1.7E+03 (n=32) 1.8E-1 — 1.0E+2 (n=3)
Far
Non-high income: Non-high income: Non-high income:
9.5E-06 — 1.6E-03 (n=3) | 2.0E-03 — 1.0E+03 (n=13) |4.0E-03 — 1.7E+03 (n=14)
High income: High income: High income:
2.5E-3 - 3.1E+00 (n=3) | 5.0E-01 — 8.5E+04 (n=6) 1.4E+2 — 1.3E+3 (n=1) Near
Final Extracted Dataset *CT: 8.4E-01 *CT: 3.4E+03 *CT: 1.0E+03
(following statistical *HE: 9.9E-01 *HE: 5.1E+03 *HE: 1.3E+03
analysis procedures) High income: High income: High income:
2.0E-7 — 6.7E-03 (n=4) 2.2E-2 — 1.7403 (n=14) 1.8E-1 — 1.2E+01 (n=2) F
*CT: 4.1E-04 *CT: 6.0E+00 *CT: 1.4E+00 o
*HE: 8.0E-04 *HE: 2.0E+01 *HE: 3.0E+00

Asterisk (*) indicates values used in exposure estimates for risk estimation
NA = not available; CT = central tendency; HE = high-end
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2.3.6 Sensitivity Analysis — Environmental Exposure

2.3.6.1 Modeled Sediment
For estimated sediment concentrations from VVWM-PSC (Section 2.3.2.2.2), 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 that results using different inputs, showed similar magnitude and trends as the results presented.
This is likely because changes in of multiple parameters may have offset the impact of other parameters.

2.3.6.2 Monitoring Data (General)
Table 2-67 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 2-67. Sensitivity Analysis of Central Tendency Estimate Assumptions in Monitoring Data

Estimated Dose in mg/kg/day
Baseline GM Baseline GM + 10% | Baseline GM - 10%
95t Percentile Dose 3.1E-04 3.2E-04 2.9E-04
% Change from Baseline -- 4% -7%

GM = geometric mean

2.3.6.3 Fish Tissue
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.

2.3.6.4 Scenario Inputs (product amount, WWTR%)
As described in Section 2.2.15, EPA performed 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 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 such as activated
sludge in biological wastewater treatment systems. At concentrations above its water solubility 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.
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HBCD processing and use activities described in this Risk Evaluation may be subject to the Organic
Chemicals and Plastics and Synthetic Fibers (OCPSF) Category Effluent Limitations Guidelines,
Pretreatment Standards, and New Source Performance Standards 40 CFR Parts 414 and 416 [FRL 3230-
5]. The OCPSF limitations and standards establish effluent limitations guidelines and standards that
limit the discharge of pollutants into navigable waters and publicly owned treatment works (POTWs) by
existing and new sources in the Organic Chemicals, Plastics, and Synthetic Fibers (OCPSF) industrial
category. End-of -pipe biological treatment direct dischargers who are subject to subpart E of the
regulations must meet relevant discharge limits of priority pollutants. A facility may meet their limits by
virtue of the absence of a regulated pollutant in their process wastewater as confirmed by monitoring, or
the use of engineering controls or installation of end-of-pipe biological treatment. Where present and
properly maintained and operated, this type of treatment has been shown to remove chemicals with
similar tendency to sorb to sludge as that of HBCD (log Kow 5.6), examples include benz(a)anthracene
(log Kow 5.8), benz(a) pyrene (log Kow 6.1), and fluoranthene (log Kow 5.8). The EPA Development
Document for Effluent Limitations, Guidelines and Standards for Organic Chemicals, Plastics and
Synthetic Fibers Point Source Category (U.S. EPA 1987) reported that the majority of the facilities in
the OCPSF category responding to the EPA 308 survey reported using the activated sludge treatment
process to treat their process wastewater. TSS removal in activated sludge treatment was reported by the
responding facilities with a of mean (67%), a median (81%), a minimum (-29%) and a maximum (99%)
for thirty nine observations.

HBCD may be released to wastewater incorporated into polystyrene particles. These particles may fall
into the range of “microplastics” <5 mm in diameter (Conley et al. 2019). A number of studies have
demonstrated high removal of HBCD and microplastics in activated sludge treatment (Conley et al.
2019). determined the microplastic (synthetic polymer materials <Smm in size) loads and removal
efficiencies of three activated sludge wastewater treatment plants (WWTPs) with different treatment
sizes, operations and service compositions discharging to Charleston Harbor, South Carolina, over the
course of a year. Microplastics concentrations (counts per L) varied within a factor of 2.5 in influent and
4.8 in effluent at each WWTP, and that neither concentrations nor removal efficiencies demonstrated a
seasonal trend. The largest wastewater treatment plant in the study, which also employed primary
clarification, had the highest MP removal efficiency of 97.6 + 1.2%. The other two smaller facilities had
average removal efficiencies of 85.2 £ 6.0% and 85.5 + 9.1%. Ruan (Ruan et al. 2019) investigated the
removal of microplastics and HBCD levels in microplastics at two Hong Kong wastewater treatment
plants. One plant employed primary treatment while the second plant utilized secondary treatment.
Greater than 90% removal of HBCD was observed in both plants. Approximately 60% and 87% removal
of microplastics occurred in the primary and secondary treatment systems, respectively.

Sun (Sun et al. 2019) conducted a comprehensive review of studies on the detection, occurrence and
removal of microplastics in WWTPs. The review included techniques used for collecting microplastics
from both wastewater and sewage sludge, and their pretreatment and characterization methods.
Microplastics removal in various stages of wastewater treatment and their retention in sewage sludge
were explored. Overall percent removals in secondary wastewater treatment from 7 studies conducted in
the U.S. and Europe were reported. Microplastics removal efficiencies ranged from 72 to 99% with a
mean value across all the studies of removal in secondary treatment of 92%. Carr (Carr et al. 2016)
conducted microplastics bench scale wastewater treatment simulations and studied effluent discharges
from seven tertiary and one secondary wastewater treatment plant in Southern California to determine
the fate of microplastics in these systems. The results of bench scale experiments with activated sludge
and raw wastewater, simulated high solids influent and gravity filtration suggested that the buoyancy of
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microplastics facilitates removal by surface skimming, entrapment in influent suspended solids
facilitates removal by solids settling, and high retention of microplastics on typical gravity bed filter
materials leads to potential for high removal in secondary and tertiary wastewater treatment. Analysis of
influent and effluent samples for microplastic particles at both secondary and tertiary treatment plants
indicated removal >= 99%.

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 and microplastics removal as a
surrogate for HBCD removal. EPA selected 90% removal of HBCD in 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 on 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%] and on-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 2-68. 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™ %e-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 50% 9.7E+00 9.4E-01 8.7E+02 2.0E+03
and Re-packaging/ 3.7B-02- | 1.8E-02- | 1.9E+01- 4.1E+01 -
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 20% 1L0E+01 | 48E-01 | 32E+02 6.3E-02
8.0E-03 - 3.8E-04 - 4.0E-01- 8.9E-01 -
0,
Scenario 3. Processing: 100,000 0% 2.9E+00 1.4E-01 8.9E+01 1.2E+02
Manufacturing of XPS
Foam using XPS 50.000 0% 4.0E-03 - 1.9E-04 - 2.0E-01 - 4 4E-01 -
Masterbatch ’ ° 1.5E+00 7.1B-02 4.5E+01 6.0E+01
2.0E-03 - 3.8E-04 - 1.0E-01 - 2.2E-01 -
V)
25,000 0% 7.4E-01 1.4E-01 2.3E+01 3.0E+01
. 8.8E-01- 2.9E-01 - 3.3E+02- 7.6E+02 -
iiﬁt::;?nz 100,000 0% LIE+02 | S5.0E+00 | 5.5E+03 1.2E+04
Manufacturing of EPS 50,000 0% 4141%_332_ 15'50EE_J?50_ 13'75]:;;?023_ 36'89]:;;?023_
IFE‘I’,Z‘S‘“RZ‘;;“;SE‘:M 25000 00, 22E01- | 74E-02- | 8.4E+0I- 1.9E+02 -
’ ° 1.1E+02 5.0E+00 3.2E+03 4.9E+03

2 There are no predicted direct releases for Scenario 1.
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2.3.7 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 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. For estimated soil concentrations
from biosolid application, specifically, EPA recognizes that different default parameters for tillage depth
and application rates are used by other U.S. agencies which may result in concentrations of a higher
magnitude. However, 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 2.4.3. 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
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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.

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

EPA considered four different receptor groups for the human exposure assessment: occupational,
general population, highly exposed, and consumers. The receptor groups were defined as:

e Occupational include individuals who work at a facility handling HBCD (workers) and
occupational non-users (ONU) who do not directly handle the chemical but perform work in an
area where the chemical is present.

e General population include individuals who are not expected to live close to point sources of
HBCD (far-field) and do not have a specific HBCD source within a living environment that has
been assessed by EPA in the consumer exposure assessment (i.e., home insulation, auto-
components, mouthing of recycled products). The general population experiences steady-state
chronic exposures resulting in risk from sustained background exposure in the environment due
to HBCD persistence.

e Highly exposed include individuals who are expected to live close by point sources of HBCD.

e Consumers include individuals who have articles containing HBCD in their homes or
automobiles.

A slightly different approach was used for each receptor group based on the exposure media/pathways
and available data. It is possible for an individual to fall into multiple receptor and potentially exposed
groups.

For all receptor groups, except general population, EPA developed scenario specific exposure estimates
based on condition of use (COU) release estimates described in Section 2.2. These exposures occur at or
near point sources (i.e., facilities that process, use, or dispose of HBCD or HBCD-containing materials)
or involve the use of articles containing HBCD. General population exposures estimates are non-
scenario specific in that they are based on media concentrations not related to a specific COU release
estimate (i.e., background or far from facility releases). HBCD exposures to the general population may
be variable as they are influenced by both sources into the environment, degradation and removal from
the environment. Estimates of general population exposures based on environmental monitoring and
biomonitoring data represent the conditions present at the time the data was collected. It is unknown
which combination of potential sources associated with conditions of use as described in this risk
assessment contribute to the monitoring data presented here. However, given the wide range of
exposures shown within and across the monitoring data, there is a plausible contribution from some of
the sources/conditions of use described within this document. Scenario-specific modeled releases for
individual exposure pathways (e.g., fish ingestion) were added to the aggregate background exposure
from all other pathways (i.e., all exposure pathways except fish ingestion). Exposures were not
aggregated within a particular exposure route across both biomonitored and modeled estimates.

Figure 2-2 shows the exposure pathways/media identified for each receptor group, and the assessment
approaches are further shown in Table 2-69.
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Occupational General Population Highly Exposed
At Facility Far from Facility/Background Near Facility
Scenario Specific Non-Scenario Specific Scenario Specific
Inhalation Ingestion: Diet, Dust & Sail Ingestion: Fish
Dermal Inhalation: Indoor & Outdoor Air Inhalation: Indoor Air

Figure 2-2. Overview of receptor groups considered within the Risk Evaluation.

Table 2-69. Exposure Scenarios Descriptions for Receptor Groups

cabin air and
settled dust

Scenario |Receptor Source Pathway |Media Approach Approach Description
Group
OES 1-13 | Worker HBCD Inhalation | Indoor Quantitative | Monitoring, Modeling,
Dermal Air/Personal Air Occupational Exposure
Limits
OES 1-13 |ONU HBCD Inhalation | Indoor Qualitative | Not Applicable
Dermal Air/Personal Air
Gl General HBCD Ingestion | Diet, Dust, Soil, |Quantitative |Monitoring: Indirect
Population Inhalation | Indoor Air, Estimation and Exposure
Dermal Outdoor Air Reconstruction
H1 Highly HBCD emitted Ingestion | Fish Tissue: Quantitative | Modeling with PSC
Exposed from any point Emission into combined with and Lipid
source during its water and uptake Normalized Upper
lifecycle from into fish tissue Trophic Level BAF
Scenarios described (monitoring), Monitoring
in Section 2.2
H2 Highly HBCD emitted Inhalation | Air: Emissionto | Quantitative |Modeling with [IOAC
Exposed from any point air and subsequent
source during its inhalation of
lifecycle from particles
Scenarios described
in Section 2.2
Consumers | XPS/EPS insulation | Inhalation | Indoor Air and | Quantitative |Modeling with IECCU
in residences Dust: Emission
from insulation
into indoor air and
settled dust
Consumers | HBCD contained in | Inhalation |Indoor Air and | Quantitative |Modeling with IECCU
automobile Dust: Emission
components into automobile
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Scenario |Receptor Source Pathway |Media Approach Approach Description
Group
Consumers |Recycled consumer | Ingestion | Articles: Quantitative | Monitoring and Modeled
articles that contain Mouthing, direct
HBCD contact
Q1 Highly EPS and XPS Inhalation | Air: Emission Qualitative | N/A
Exposed insulation in from building
buildings during interior to ambient
use air surrounding
buildings
Q2 Highly HBCD sent to Inhalation | Air, Soil, Water: |Qualitative |N/A
Exposed landfill across the |Ingestion |Comingled HBCD
lifecycle containing
Birds materials leach
into soil, disposed
food, and water

Occupational receptors are discussed first in Section 2.4.1. The section contains a detailed methodology
and approach for the enumeration of worker and ONUs, estimates of central and high-end inhalation and
dermal exposure for each of the thirteen conditions of use. EPA assessed exposure to male and female
workers including female workers of reproductive age of > 16 years to less than 50 years old, including
adolescents (16 to <21 years old). Adolescents are a small part of the total workforce (U.S. BLS, 2017).

Non-occupational receptors are discussed in Sections 2.4.2 (general population), Section 2.4.3 (highly
exposed), and Section 2.4.4 (consumer). Scenarios which were only qualitatively assessed are discussed
in Section 2.5.5. EPA assessed exposure to seven age groups, as appropriate: <l year, 1-<2 years, 2-<3
years, 3-<6 years, 6-<11 years, 11-<16 years, and 16-<70 years. Although the number of non-
occupational individuals have not been enumerated, general population exposure estimates are expected
to be relevant for more people in the general population, whereas estimates of exposure for highly-
exposed groups likely apply to relatively fewer individuals.

For all non-occupational exposure groups, EPA estimated exposures using EPA exposure factors when
available, some of which were recently updated (U.S. EPA 2011b). EPA acknowledges that some
exposure factors for highly-exposed groups could be higher than the general population. EPA
acknowledges that there could be further refinement of highly exposed (high-end) and potentially
exposed or susceptible subpopulations (PESS) as receptor categories overlap and individuals may
belong to multiple receptor groups. Further discussion of qualitative and semi-quantitative examples of
highly exposed and susceptible subpopulations is also provided in Section 4.4.1.

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
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recycling of these same articles throughout the United States suggest that there may be a continuing
sources for emission of HBCD extending into the future.

2.4.1 Occupational Exposures

EPA assessed workplace exposures pertaining to the following HBCD exposure scenarios:

Repackaging of Import Containers

Compounding of Polystyrene Resin to Produce XPS Masterbatch

Processing of HBCD to Produce XPS Foam using XPS Masterbatch

Processing of HBCD to Produce XPS Foam using HBCD powder

Processing of HBCD to Produce EPS Foam from Imported EPS Resin Beads

Processing of HBCD to Produce 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

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

Recycling of EPS Foam and Reuse of XPS Foam

Formulation of Flux/Solder Pastes

Use of Flux/Solder Pastes

Recycling of Electronics Waste (E-Waste) Containing HIPS

Components of the Occupational Exposure Assessment
The occupational exposure of each exposure scenario comprises the following components:

1.

3.

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 exposure
scenario.

Inhalation Exposure: Central tendency and high-end estimates of inhalation exposure to
workers and occupational non-users. EPA assumes that all inhaled particulates are absorbed by
either the lung or intestine after ingestion as further discussed in Section 4.2.1.

Dermal Exposure: Estimates of dermal exposure to workers.

The process descriptions and facility estimates are included in Section 2.2 for each exposure scenario.

2.4.1.1 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
used U.S. economic data to estimate the number of workers and ONUs using the following method:

Identify the North American Industry Classification System (NAICS) codes for the industry
sectors associated with each exposure scenario.
Estimate total employment by industry/occupation combination using the Bureau of Labor
Statistics’ Occupational Employment Statistics data (U.S. BLS 2016).
Refine the occupational employment statistics 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.
Estimate the number of potentially exposed employees per site (Census Bureau 2015).
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o Estimate the number of potentially exposed employees within the exposure scenario, 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 provided 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 exposure scenario. 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 90" 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 95" percentile. If the 95" percentile is
not available, EPA may use a different percentile greater than or equal to the 90™ percentile but less than
or equal to the 99.9™ 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 50™ percentile and 95™ percentile. For datasets with three to five data points,
central tendency exposure was calculated using the 50" 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
2. Modeling approaches:
a. Surrogate monitoring data
b. Fundamental modeling approaches
c. Statistical regression modeling approaches
3. Occupational exposure limits:
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a. Company-specific occupational exposure limits (OELs) (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 AIHA])

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.3 and Appendix E.4, 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.3.

EPA quantitatively assessed exposure to male and female workers including female workers of
reproductive age of > 16 years to < 50 years old, which includes adolescents (16 to <21 years old). Male
adolescent workers are also potentially exposed to HBCD and their exposure dose (mg/kg-day) is in the
range assessed as their dose would be between estimates for average workers and female workers.
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Adolescents (16 to < 21 years old) are a small part of the total workforce in the workplace (U.S. BLS
2017).

EPA’s Approach to the Assessment of HBCD Inhalation Exposure

EPA gathered and evaluated occupational exposure information in accordance with the process
described in the Application of Systematic Review in TSCA Risk Evaluations (U.S. EPA 2018b). The
results of EPA’s systematic review include occupational monitoring data pertaining to the manufacture
and processing of HBCD in Europe. These data, which are presented in Appendix Appendix E, are
HBCD inhalation exposure concentration monitoring data pertaining to the manufacture and processing
of various grades of HBCD and include various types of data (e.g., personal breathing zone, area
monitoring, 8-hr TWA, etc.). The main source of these data is the European Union Risk Assessment
Report (EURAR) (NICNAS 2012b; ECHA 2008b). From these data, EPA selected particular data to
estimate worker inhalation exposure concentrations as discussed in Sections 2.4.1.2 through 2.4.1.13.
The overall quality confidence rating of all the data that EPA selected is high as determined by EPA’s
systematic review. Table 2-70 contains a summary of EPA’s approaches to the assessment of worker
inhalation exposure concentrations, and includes mention of the industrial processes and worker
activities that the selected worker monitoring data pertain to. The occupational monitoring data comprise
of HBCD concentrations in inhalable and respirable dust. EPA assessed worker exposure to inhalable
dust only and EPA’s rationale for doing so is discussed in Section 4.2.1. A breathing rate of 1.25 m*/hr
was applied for all workers, representing elevated respiratory rate compared to at rest for workers
undergoing light activity (U.S. EPA 2011b). For each exposure scenario, EPA calculated acute and
chronic exposures from the estimated inhalation exposure concentrations. Equations and sample
calculations for acute and chronic exposures can be found in Appendix E.3 and Appendix E.4,
respectively.

In addition to the data mentioned above, the results of EPA’s systematic review also include air
concentration data pertaining to the thermal cutting of XPS/EPS foam. As discussed in Sections 2.4.1.6,
2.4.1.7, and 2.4.1.9, XPS/EPS foam may be thermally cut with a hot wire during the processing of
HBCD to produce EPS foam from imported EPS resin beads, during the manufacture of SIPs and auto
parts from XPS/EPS foam and during the installation of XPS/EPS in buildings and other structures.
Zhang et al. (2012) reported the release of HBCD nanoparticles during the thermal cutting of XPS foam
and EPS foam in a laboratory glovebox. The HBCD that was released was mostly particles (99.9%) and
only a very small fraction was released as a vapor. The released particles were composed of HBCD and
other chemicals and included liquid particles and polystyrene foam fragments. The distribution of
HBCD concentration versus particle size of the released particles has a geometric mean of 237 and 150
nm for XPS and EPS, respectively, and geometric standard deviation of 2.2 and 1.9 for XPS and EPS,
respectively. The average concentration of XPS and EPS in the glovebox was 0.089 mg/m? and 0.057
mg/m?>, respectively. EPA did not incorporate these HBCD air concentration data into the estimates of
exposure concentrations of the relevant exposure scenarios because these data are measurements of
concentration in a laboratory glovebox and are not occupational monitoring data.

Table 2-70. Summary of Inhalation Exposure Assessment Approaches

Relevant Report . Approach to the Assessment of HBCD Potential Inhalation
. Exposure Scenario .
Section Exposure Concentrations
Section 2.4.1.2 Repackaging of Import |EPA estimated the inhalation exposure concentrations to be equal to

Containers surrogate HBCD worker inhalation exposure concentration
monitoring data. These surrogate data are worker monitoring data
that pertain to various worker activities during the manufacturing of
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Relevant Report
Section

Exposure Scenario

Approach to the Assessment of HBCD Potential Inhalation
Exposure Concentrations

HBCD in Europe. The worker activities include packaging and
working in a warehouse.

Section 2.4.1.3

Compounding of
Polystyrene Resin to
Produce XPS
Masterbatch

Section 2.4.1.5

Processing of HBCD to
Produce XPS Foam
Using HBCD Powder

Section 2.4.1.12

Formulation of
Flux/Solder Pastes

In the case of the exposure scenarios of the Compounding of
Polystyrene Resin to Produce XPS Masterbatch and the Processing
of HBCD to Produce XPS Foam Using HBCD Powder, EPA found
inhalation exposure concentration monitoring data pertaining to the
exposure scenario, but did not incorporate these data into the
estimates of inhalation exposure concentrations because these data
are not the preferred type. In the case of all of the three exposure
scenarios, EPA estimated inhalation exposure concentrations to be
equal to the assessed exposure concentrations reported in the
EURAR (ECHA 2008b) that pertain to all polymer processing
operations involving standard grade HBCD. The bases of these
assessed exposure concentrations of the EURAR are HBCD
inhalation exposure concentration monitoring data that pertain to the
manufacture of EPS resin beads and are surrogate data for the three
exposure scenarios mentioned in the column to the left. These are
surrogate data because these data pertain to the manual addition of
HBCD to process equipment.

Section 2.4.1.4

Processing of HBCD to
Produce XPS Foam
using XPS Masterbatch

EPA estimated inhalation exposure concentrations to be equal to
inhalation exposure concentration monitoring data that pertain to this
exposure scenario. These monitoring data pertain specifically to the
secondary processing of XPS in Europe which EPA assumed
comprises cutting, sawing and/or machining of XPS foam.

Section 2.4.1.6

Processing of HBCD to
Produce EPS Foam
from Imported EPS
Resin Beads

Section 2.4.1.7

Processing of HBCD to
Produce SIPs and
Automobile

Replacement Parts from
XPS/EPS Foam

Section 2.4.1.9

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

Section 2.4.1.11

Recycling of EPS Foam
and Reuse of XPS foam

EPA estimated the inhalation exposure concentrations of all these
exposure scenarios to be equal to surrogate HBCD worker inhalation
exposure concentration monitoring data. The surrogate data pertain
to the secondary processing of XPS as a part of the
manufacture of XPS foam at sites in Europe. EPA assumed the
secondary processing of XPS foam comprises cutting, sawing
and/or machining of XPS foam. EPA’s single estimate of
inhalation exposure concentrations is applicable to all four scenarios.

Section 2.4.1.10

Demolition and
Disposal of XPS/EPS
Foam Insulation
Products in Residential,
Public and Commercial

EPA estimated inhalation exposure concentrations to be equal to the
Occupational Safety and Health Administration (OSHA) permissible
exposure limit (PEL) for particulates not otherwise regulated
(PNOR) multiplied by the HBCD concentrations in XPS and EPS
foam.
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Relevant Report . Approach to the Assessment of HBCD Potential Inhalation
. Exposure Scenario .

Section Exposure Concentrations
Buildings, and Other
Structures

Section 2.4.1.8 Use: Installation of EPA does not expect these exposure scenarios to result in the
Automobile generation of dust, hence EPA does not estimate inhalation
Replacement Parts exposures.

Section 2.4.1.13 | Use of Flux/Solder
Pastes

Section Recycling of EPA estimated inhalation exposure concentrations to be equal to

2.4.1.14 Electronics Waste (E- |inhalation exposure concentration monitoring data that pertain to this
Waste) Containing exposure scenario. Specifically, these monitoring data pertain to the
HIPS recycling of e-waste in Europe.

EPA expects potential inhalation exposure of occupational non-users (ONUs) to HBCD, but EPA did
not quantify these exposures due to lack of adequate worker monitoring data and lack of relevant
mathematical models. ONUs are workers such as supervisors who work in or near areas where HBCD is
handled or processed, but whose work is not directly associated with HBCD. EPA expects that dust
containing HBCD that is generated during worker activities may be transported via indoor air or ambient
air currents to locations in which ONUs are present. The worker monitoring data identified through
EPA’s systematic review process are presented in Appendix Appendix E, Inhalation Monitoring Data
Summary, and include personal and area monitoring data. Most of these data do not pertain to the
relevant ONUs for the following reasons: (1) the worker activities associated with the personal
monitoring data are not relevant to ONUs, and (2) the area monitoring data and the data for which the
type of sampling is not reported are either not relevant to the exposure scenarios or are not relevant to
ONUs. For example, in the case of the data pertaining to the Compounding of Polystyrene Resin to
Produce XPS Masterbatch Containing HBCD, which is 8-hr TWA area monitoring data, the sampling
location is the feed deck near typical operator positions. This data likely does not represent ONU
exposure because an ONU is unlikely to be present at the feed deck for an entire shift.

EPA assumes HBCD air concentrations that ONUs are potentially exposed to are lower than HBCD air
concentrations that workers are potentially exposed to because the dust is diluted as it is transported
through workspaces by indoor or ambient air currents. EPA also assumes the duration and frequency of
the ONUs’ potential HBCD inhalation exposures to be lower than that of workers. The lower HBCD
potential inhalation exposure levels of ONUs would result in lower risk for ONUs as compared to
workers. Uncertainties related to EPA’s assumptions related to ONU exposure levels are discussed in
Section 2.4.1.15.4.

General Dermal Exposures Approach and Methodology

EPA estimated high-end worker dermal potential dose rate in accordance with the EPA/OPPT Direct 2-
Hand Dermal Contact with Solids Model (U.S. EPA 2013a) in the case of the following exposure
scenarios: 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 (these scenarios are discussed in Sections 2.4.1.2
through 2.4.1.5 and 2.4.1.12). This high-end potential dose rate is equal to 3,100 mg/day which is the
quantity of solids retained on a worker’s skin during an event that results in the worker’s contact with
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the solids; the frequency of such events is assumed to be once per day (U.S. EPA 2013a). The
EPA/OPPT Direct 2-Hand Dermal Contact with Solids Model does not include a central tendency value
of the potential dose rate although this model is based on data reported in Lansink (1996) and both the
high-end and central tendency values of these data are given in Lansink (1996). The central tendency
potential dose rate that is associated with the high-end potential dose rate of 3,100 mg/day is equal to
900 mg/day. The central tendency value of 900 mg is reported in Lansink et al. 1996 as cited in
Marquart et al. 2006. This central tendency value pertains to the manual loading of mixers with dusty
powder and is designated as the typical case exposure (Marquart et al. 2006)"5.

EPA estimated high-end worker dermal potential dose rate in accordance with the EPA/OPPT Direct 2-
Hand Dermal Contact with Container Surfaces (Solids) Model (U.S. EPA 2013a) in the case of the use
of solder/flux pastes (this scenario is discussed in Section 2.2.13). This high-end potential dose rate is
equal to 1,110 mg/day which is the quantity of solids retained on a worker’s skin during an event that
results in the worker’s contact with the solids; the frequency of such events is assumed to be once per
day (U.S. EPA 2013a). The EPA/OPPT Direct 2-Hand Dermal Contact with Container Surfaces
(Solids) Model does not include a central tendency value of the potential dose rate although this model is
based on data reported in Lansink (1996) and both the high-end and central tendency values of these
data are given in Lansink et al. The central tendency potential dose rate that is associated with the high-
end potential dose rate of 1,110 mg/day is equal to 450 mg/day. The central tendency value of 450 mg is
reported in Lansink (1996) as cited in Marquart et al. 2006. This central tendency value pertains to the
gathering of closed bags of powder and is designated as the typical case exposure (Marquart et al.
2006)"°.

The two models that EPA used as mentioned above 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. EPA does not expect dermal exposure for
the remaining exposure scenarios because HBCD is entrained in the EPS and XPS foam (those in
Section 2.4.1.6 through 2.4.1.11).

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

15 The high-end value of 3,100 mg also pertains to manual loading of mixers with dusty powder. This value corresponds to
the value of 3,000 mg reported in Marquart et al. (Marquart et al. 2000) as the reasonable worst case exposure pertaining to
loading of mixers and obtained from Lansink et al. (Lansink et al., 1996). EPA did not directly cite Lansink et al. (Lansink et
al.. 1996) because, as stated in Marquart et al. (Marquart et al. 2000), this report has not been published in a scientific
journal.

16 The high-end value of 1,110 mg also pertains to the gathering of closed bags of powder. This value corresponds to the
value of 1,050 mg reported in Marquart et al. (Marquart et al., 20006) as the reasonable worst case exposure pertaining to the
gathering of closed bags of powder and obtained from Lansink et al. (Lansink et al., 1996). EPA did not directly cite Lansink
et al. (Lansink et al., 1996) because, as stated in Marquart et al. (Marquart et al., 2006), this report has not been published in
a scientific journal.
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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
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.3. The AAD is used to assess acute exposure risks. The
CAD is used to assess risks from chronic exposures.

Occupational non-users are workers who do not handle HBCD and thus, unlike workers, are not
potentially exposed to HBCD dermally as a result of handling HBCD. However, ONUs are potentially
exposed to HBCD dermally through contact with surfaces where HBCD dust has settled. EPA mentions
this type of potential ONU dermal exposure in the discussions of the relevant occupational exposure
scenarios, but EPA did not quantify these exposures due to lack of data, and EPA expects that dermal
exposures may be much less likely for this population. Potential ONU dermal exposure to settled dust is
unlikely in the case of the exposure scenarios that do not include worker dermal exposure because these
exposure scenarios pertain to material (EPS resin beads and XPS/EPS insulation) in which the HBCD is
entrained at low concentrations and worker or ONU contact with this material is unlikely to result in
dermal exposure.

A summary of approaches and EPA’s overall confidence in the exposure estimates are provided in
Table 2-71.
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Table 2-71. A Summary for Each of the 12 Occupational Exposure Scenarios (OESs)
[For many cases EPA was not able to estimate inhalation exposure for ONUs, but EPA expects these to be lower than inhalation exposure for workers; dermal exposure
not estimated for ONUs since they are not expected to be in direct contact with HBCD.]

T T
I Inhalation Exposure IDermal Exposure
| o . ' Modeling ¢
Occupational Exposure I Monitoring Modeling [ odeling
Scenario (OES) IM toring| # Dat Data Overall [
: Oloning 2% | Quality 'Worker ONU[Worker| ONU | Confidence : Worker | ONU
L Rating 1
Repackaging of Import Containers | v 10 H v x x X M 1 7 -
Compounding of Polystyrene Resin to Produce I v 16 o v « « « M I v i
XPS Masterbatch ! H
Processing of HBCD to Produce XPS Foam using : v 9 H v « « « M : v i
XPS Masterbatch L 1
Processing of HBCD to Produce XPS Foam using | v 16 o v « « « M I v i
HBCD Powder | |
Processing of HBCD to Produce EPS Foam Using | v v « o « |
Imported EPS Resin Beads * | ? H LM | ] ]
Processing of HBCD to Produce SIPs and I I
Automobile Replacement Parts from XPS/EPS I v 9 H v X X x LoM | - -
Foam ? | ]
Installation of Automobile Replacement Parts ° | x N/A N/A x x - - N/A | - -
Installation of XPS/EPS Foam Insulation in | |
Residential, Public and Commercial Buildings, | v 9 H v x X X LtoM | = -
and Other Structures * ! !
Demolition and Disposal of XPS/EPS Foam i i
Insulation Products in Residential, Public and I x N/A N/A x x v x LtoM | - -
Commercial Buildings, and Other Structures * 1 |
Recycling of EPS Foam and Reuse of XPS foam * | v 9 H v x x x LtoM | - -
Formulation of Flux/Solder Pastes : v 16 H v X x x M : v -
Use of Flux/Solder Pastes T N/A N/A x x - - NA ] v -
Recyc}iqg of Electronics Waste (E-Waste) I v 24 o v « « « M I v i
Containing HIPS I :

2EPA does not expect dermal exposure of workers to be a part of these exposure scenarios.
®The installation of automobile replacement parts is not expected to result in worker and ONU inhalation and dermal exposures.
¢The exposure scenarios preclude ONU dermal exposure because ONUs are not expected to handle HBCD.
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Consideration of Engineering Controls and Personal Protective Equipment

OSHA requires and NIOSH recommends that 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 reduce the potential for worker exposure to hazards, these
could include training employees on the hazards and how to avoid them, policies regarding scheduling
to reduce acute exposures, and housekeeping standards. 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. The National Institute for Occupational Safety and
Health (NIOSH) and the U.S. Department of Labor’s Bureau of Labor Statistics (BLS) conducted a
voluntary survey of U.S. employers regarding the use of respiratory protective devices between August
2001 and January 2002 (NIOSH 2003). For additional information, please also refer to

Memorandum NIOSH BLS Respirator Usage in Private Sector Firms, Docket # EPA-HQ-OPPT-2019-
0500 (U.S. EPA 2020).

Respiratory Protection

OSHA'’s Respiratory Protection Standard (29 CFR Section 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 Section 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 Section 1910.134(d)(3)(i)(A) (see below in Table 2-72) 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 2-72 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
exposures may be reduced by a factor of 5 to 10,000, when workers and occupational non-users are
using respiratory protection.
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Table 2-72. Assigned Protection Factors for Respirators in OSHA Standard 29 CFR Section
1910.134

Loose-
. Quarter Full Helmet/ .
Type of Respirator Mask Half Mask Facepicee|  Hood ﬁttu.lg
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- i 50 1,000 i i
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 Section
1910.138) 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 exposure scenarios in this Risk Evaluation in which workers may handle HBCD powder include
Repackaging of Import Containers, Compounding of Polystyrene Resin to Produce XPS Masterbatch,
Processing of HBCD to Produce XPS Foam, and 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 exposure scenarios in this Risk Evaluation in which workers may handle XPS or EPS foam
containing HBCD include: Processing to Produce XPS Foam using XPS Masterbatch, Processing of
HBCD to Produce XPS Foam, Processing to Produce EPS Foam from Imported EPS Resin Beads,
Processing to Produce SIPs and Automobile Replacement Parts from XPS/EPS Foam, Installation of
XPS/EPS Foam Insulation in Residential, Public and Commercial Buildings, and Other Structures,
Demolition and Disposal of XPS/EPS 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 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 to Produce 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 (BASF 2015). 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.

2.4.1.2 Repackaging of Import Containers
Imported HBCD is repackaged by unloading HBCD powder or granules from imported containers into
an intermediate storage vessel or directly into new containers. Workers and ONUs are potentially
exposed by inhalation to the HBCD dust that is generated during the transfer of HBCD. Also, there is a
potential for ONU dermal exposure through contact with surfaces where HBCD dust has settled.
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 2008Db).

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.

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 exposure scenario.
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Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations to be equal to surrogate HBCD
occupational inhalation exposure concentration monitoring data. These surrogate data are worker
monitoring data that pertain to various worker activities during the manufacturing of HBCD in Europe.
EPA also considered other HBCD occupational inhalation exposure concentration data as surrogate
monitoring but chose the data mentioned above as further discussed below.

HBCD occupational inhalation exposure monitoring data that EPA considered are shown in Table 2-73
below. EPA selected the data of Searl and Robertson (2005), which are noted as 1a in this table, as the
surrogate monitoring data from among all of the data in Table 2-73 because (a) the overall quality
confidence rating in these data is high as determined via EPA’s systematic review, (b) the worker
activities that these data pertain to include packaging and working in a warehouse, (c) these data pertain
to standard grade HBCD, and (d) these data are 8-hr TWA personal breathing zone measurements.

EPA estimated central tendency and high-end exposure concentrations to be equal to the median value
of 0.89 mg/m® and the 90" percentile value of 1.89 mg/m? of the surrogate monitoring data, respectively.

EPA also considered worker monitoring data other than the data mentioned above as surrogate data.
Specifically, EPA considered data that pertain to worker activities that include addition of HBCD to
process equipment provided in Table 2-74.. These data are from Thomsen (2007), which are noted as la
and 1b in this table, and the data from Searl and Robertson (2005), which are noted as 2a-d in this table.
EPA did not select these data as surrogate data because the addition of HBCD to process equipment is
likely to involve handling of smaller quantities of HBCD as compared to the repackaging of HBCD.

The exposure frequency for this exposure scenario 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.
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Table 2-73. Inhalation Monitoring Data for Manufacturing of HBCD

A4y Exposure Number | Sample Time / Overall
a . |Form of HBCD | Type of Activity or P q P g
Data Source/Study Exposure Scenario ] Concentration of Type of Source Confidence
Handled Sample Sampling N b .
5 (mg/m°) Samples | Measurement Rating
Location
Inhalation Monitoring Data Used to Estimate Worker Exposures Resulting from Repackaging
Packaging, )
compaction, Mea.n. .1'23 (ECHA
. Personal Median: 0.89
Searl and Robertson Manufacturing of | Standard grade Breathin process 90th percentile: 10 -hr TWA 2008b) Hish
(2005) - la HBCD HBCD & | operations, and P : (ECHA &
Zone S 1.89
working in the ) 3 2009b)
Max: 3 mg/m
warehouse
Other Inhalation Monitoring Data Pertaining to the Manufacturing of HBCD that EPA Considered as Surrogate Monitoring Data
Packaging,
compaction,
. . Personal Mean: 23
Searl and Robertson Manufacturing of Fine grade . process - (ECHA .
(2005) - 1b HBCD HBCD Breathing operations, and 90th percentile: 4 8-hr TWA 2008b) High
— Zone S 35 =
working in the
warehouse
Packaging and Respirable,
Searl and Robertson Manufacturing of HBCD of NR com agc ti%)n of mean: 0.18 NR NR (ECHA Hieh
(2005) —1c HBCD unknown grade p Inhalable, 2009¢) &
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 s . (ECHA .
b HBCD unknown grade Area Filling Station | 0.0094 - 0.097 2 Short-term 2008b) High
Biesemeier (1996) Manufacturing of HBCD of Bagging (ECHA .
HBCD unknown grade NR HBCD product 4.0-4.5 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 - High
HBCD unknown grade Zone hammer-mill to Corp
28 drums 1978)
. Personal .
. Manufacturing of HBCD of . (Yietal. .
Yietal. (2016) HBCD unknown grade Br;z:)tiléng NR 0.0102 - 0.0283 14 NR 2016) High
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Data Source/Study * | Exposure Scenario

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

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 — The statistical values were obtained from the referenced literature source and were not calculated by EPA.
¢ — The source where the respective data was extracted. All sources of the information are mentioned. In the case of multiple sources, information from the various
sources is presented as contained in these sources and EPA did not combine the information from the various sources.
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Dermal Exposure Assessment

As 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 (high-end) and 900 mg HBCD/day
(central tendency) (U.S. EPA 2013a).

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 potential inhalation exposure concentrations presented
above. EPA considered the quality of the data, the assessment approach, and uncertainties in assessment
results to determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations based on inhalation exposure concentration monitoring
data that (a) are the preferred type of monitoring data (i.e., 8-hr TWA personal breathing zone data), and
(b) are surrogate data pertaining to various worker activities that include an activity that is relevant to
the assessed exposure scenario.

There is uncertainty about the extent to which the surrogate inhalation exposure concentration
monitoring data are valid surrogate data because of the following reasons. First, these concentrations are
based on worker monitoring data that pertain to various worker activities including activities that are not
relevant to the exposure scenario. Second, EPA is uncertain that the packaging process associated with
the worker monitoring data and the repackaging process in the U.S. are equivalent in terms of worker
exposure. There is also uncertainty in the estimated HBCD potential inhalation exposure concentrations
because these concentrations pertain to workers in Europe and the extent to which these concentrations
represent the distribution of inhalation exposure air concentrations pertaining to workers in the U.S. is
uncertain. Refer to Section 2.4.1.14 for additional discussion of uncertainty. Based on these strengths,
and uncertainties, EPA has medium confidence in the assessed occupational inhalation exposure air
concentrations.

2.4.1.3 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 exposure to the HBCD
dust and ONU dermal exposure through contact with surfaces where HBCD dust has settled.

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 exposure scenario.
The two submissions in 2016 CDR that identify the industrial sector as “plastic material and resin
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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 exposure scenario.

Occupational Exposure Assessment

Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations to be equal to the assessed exposure
concentrations reported in the EURAR (ECHA 2008b) that pertain to all polymer processing operations
involving standard grade HBCD. These assessed exposure concentrations of the EURAR are based on
HBCD occupational inhalation exposure concentrations that pertain to the manufacture of EPS resin
beads. EPA considered HBCD occupational inhalation exposure concentration data that pertain to the
exposure scenario that is the subject of this section as well as data that pertain to other exposure
scenarios but chose the assessment approach mentioned above.

EPA found monitoring data that pertain to the exposure scenario that is the subject of this section and
the overall confidence rating of these data is high as determined via EPA’s systematic review. These
data are the data of Searl and Robertson (2005), which are HBCD occupational inhalation exposure
concentration monitoring data pertaining to the compounding of polystyrene resin and production of
XPS masterbatch at sites in Europe and are presented in Table 2-74. and noted in this table as 3a-d. EPA
did not incorporate these data into the estimate of exposure concentrations because the grade of HBCD
associated with these data is not reported and the type of sample (personal breathing zone or area) is
reported for only half of these data.
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Table 2-74. Summary of Inhalation Monitoring Data for Handling of HBCD

Literature . porE Type of Worker Activity or Exposure Concentration NUTEEER) e ALy c e
Study * Exposure Scenario| HBCD Sample Sampling Location (mg/m?3) ® 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)
Sear] 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); Hich
(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_,:1;6:22[12 _8_1111(?6 (NICNAS
Robertson | Manufacturing of rade Personal powder to reactor each Median: 0.42 12 TWA values of 2012b); Hish
(2005) — EPS Resin beads }%B cD 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 rade 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
2¢ was produced 90th percentile: 1.10 2008b)
2012b)
Weighing powder prior to
-
Searl and & & Mean: 7.2 .| (NICNAS
. Standard opened concurrently, or S (ECHA 2008Db); i
Robertson | Manufacturing of . . . Median: 6.19 ; 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 (NICNAS 2012b); 10.6 2012b) 20086)
sterred wom 25-xg (ECHA 2008b); S
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 ;{562(12(?r128%ours) (27%%;;?
Robertson produce XPS unknown Area Weighing and mixing L 10 Short-term prap— High
Median: 0.83 (ECHA
(2005) - 3a Masterbatch grade 90th percentile: 5.4 2009b)
containing HBCD percentrie. . —
Searl and | Compounding of | HBCD of .
Robertson | Polystyrene resin to | unknown Area Weighing and mixing 90 thMejn.n(':i-lg 8 136 10 8-hr TWA (2%18{13 High
(2005) - 3b produce XPS grade percentite: 1. —
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Literature . formich Type of Worker Activity or Exposure Concentration el c Dl
Study * Exposure Scenario | HBCD Sample Sampling Location (mg/m?) ® of Type of Source Confidence
Handled Samples | Measurement Rating
Masterbatch
containing HBCD
Compounding of (ECHA
Searl and | Polystyrene resin to | HBCD of Mean: 0.12 2()()—8b)
Robertson produce XPS unknown NR Extruder Median: 0.10 4 5 hours (Eﬁ A High
(2005) - 3¢ Masterbatch grade 90th percentile: 0.16 2@
containing HBCD Fau
Compounding of
Searl and | Polystyrene resin to | HBCD of .
Robertson produce XPS unknown NR Automa‘;elcllggz]i;ldhng of Negligible 3 NR (2%;3 High
(2005) - 3d Masterbatch grade —
containing HBCD
Range 0.24 - 1.6
Abbott Manufacture of Standard At the feed deck near Mean: 0.66 16 (10 (ECHA .
XPS from HBCD grade Area . . : 8-hr TWA 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 Z(X)Tb)
XPS from HBCD | powder and | breathing | closed automated process Mean: 0.0005 6 8-hr TWA N High
(2001) - 1b . . ) (NICNAS
powder or granules | granules zone | excluding potential contact Median: 0.0005 2012b)
with neat HBCD B
Weighing and addition of
Thomsen Manufacture of HBCD Personal H}:&]zetout;i i::;tl?rrl and Range: 0.001-0.15 Thomsen
XPS from HBCD | powder and | breathing psequ ashing Mean: 0.015 24 8-hr TWA High
(2007) - 1a centrifugation, sifting, and . (2007)
powder or granules | granules zone . Median: 0.0027
transfer of product to a silo
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 Hieh
(2007) - 1b owder or eranules granules | personal operator positions 90th percentile: 0.47 ND) minutes 2008b) &
p £ breathing (excluding 16 ND samples)
zone
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Literature . formich Type of Worker Activity or Exposure Concentration el c Dl
Study * Exposure Scenario | HBCD Sample Sampling Location (mg/m?) ® of Type of Source Confidence
Handled Samples | Measurement Rating
Searland | Manufacture of " . )
Robertson | XPS from HBCD | HBCD |4 ., | Logistics, extruding, and Mean: 0.00003 12 8-hr TWA (ECHA High
(2005) - 4 | powder or granules granules laboratory 90th percentile: 0.00004 2008b)
Ransbotyn Manufacturing of Re%)lr;ble Addition of HBCDD to Respirable dust: <0.5 (ECHA
(1999) ulacturing 4 Personal | reactor or the supervising Total Inhalable dust: 2.0 5 Max 8-hr TWA . High
EPS Resin beads Inhalable o . 2008b)
Dust of the addition. Not specific to HBCD
. . N/A -
NICNAS All 1ndustr1al. Standard Mod.elled Addition of HBCD into Typical: 2to 5 this is a (NICNAS .
(2012b) - | polymer processing grade with . « . 8-hr TWA High
la sites 4 HBCD EASE process operation Worst-case”: 5 to 50 modelled 2012b)
exposure
HBCD importation / N/A
NICNAS | repackaging sites Modelled | Repackaging with the use . LT
(2012b)- | andallindustrial | MPCD | it of LEV (typical) and @%ﬁ;‘t’aclasoez 0 r:l}(‘;;elﬁ:d 8-hr TWA (%I;SS High
1b polymer processing £ EASE | without LEV (worst-case) T =
sites ¢ exposure

Beads.

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 - The statistical values were obtained from the referenced literature source and were not calculated by EPA.

¢ — All sources of the information are mentioned. In the case of multiple sources, information from the various sources is presented as contained in these sources and EPA did
not combine the information from the various sources.
d - Per NICNAS (2012b), this includes EPA’s exposure scenarios for Compounding of Polystyrene Resin to Product XPS Masterbatch, Processing HBCD to Produce XPS
Foam using XPS Masterbatch, Processing of HBCD to Produce XPS Foam using HBCD Powder, and Processing of HBCD to Produce EPS Foam from Imported EPS Resin
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The HBCD occupational inhalation exposure concentration data or modeling results from Thomsen
(2007), NICNAS (2012b), Abbott (2001) and Ransbotyn (1999), which are given in Table 2-74., pertain
to various processes other than the compounding of polystyrene resin and production of XPS
masterbatch. The overall confidence rating of all of these data is high as determined via EPA’s
systematic review; however, EPA did not further consider these data as surrogate data because none of
these data are 8-hr TWA personal breathing zone data that are only associated with HBCD standard
grade powder.

The HBCD occupational inhalation exposure concentration data of Searl and Robertson (2005) that
pertain to the manufacture of EPS resin beads (provided in Table 2-74. and noted in this table as 2b-d)
are 8-hr TWA personal breathing zone data that are only associated with HBCD standard grade powder.
The overall confidence rating of all these data is high as determined via EPA’s systematic review
process. EPA determined these data are surrogate data because these data pertain to the worker activity
of HBCD manual addition to process equipment which is the worker activity that is expected to result in
the largest exposure in the case of the exposure scenario that is the topic of this section. However, EPA
cannot incorporate all this surrogate data into estimates of exposure concentrations because the discrete
data points of the various datasets are not available, and EPA cannot calculate the 50™ percentile and
95™ percentile values of all the data to assess central tendency and high-end values. However, as
detailed in Appendix E.2, all of these data are the basis of the assessed “typical” and “reasonable worst-
case” HBCD occupational exposure concentrations that are reported in the EURAR and that pertain to
all polymer processing operations involving standard grade HBCD. Hence, EPA estimated HBCD
occupational exposure concentrations to be equal to these assessed exposure concentrations of the
EURAR. Specifically, EPA estimated high-end and central tendency exposure concentrations to be
equal to, respectively, the “reasonable worst-case” exposure concentration of 2.5 mg/m? and the
“typical” exposure concentration that is equal to one half of the reasonable worst-case, or 1.25 mg/m?>.

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) to calculate central tendency average daily dose and 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

As 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 (high-end) and 900 mg HBCD/day (central tendency).

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 confidence in the assessed inhalation exposure concentrations presented above. EPA
considered the quality of the data, the assessment approach, and uncertainties in assessment results to
determine the level of confidence.
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The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations based on inhalation exposure concentration monitoring
data that (a) are the preferred type of monitoring data (i.e., 8-hr TWA personal breathing zone data), (b)
are surrogate data pertaining to a worker activity that is certainly relevant to the assessed exposure
scenario, and (c) comprise multiple datasets.

The limitation of the assessment approach is the estimation of inhalation exposure concentrations based
on worker monitoring data that pertain to the worker activity that is expected to result in the largest
exposure but that do not pertain to other worker activities.

There is uncertainty in the estimated HBCD potential inhalation exposure concentrations because the
bases of these concentrations are data that pertain to workers in Europe and the extent to which these
concentrations represent the distribution of inhalation exposure air concentrations pertaining to workers
in the U.S. is uncertain. Refer to Section 2.4.1.14 for additional discussion of uncertainty. Based on
these strengths, limitation, and uncertainty, EPA has medium confidence in the assessed occupational
inhalation exposure air concentrations.

2.4.1.4 Processing of HBCD to Produce 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 and ONU dermal exposure through contact with
surfaces where HBCD dust has settled.

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).

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 2016c). 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
exposure scenario.

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 in this exposure scenario.

Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations to be equal to HBCD occupational

inhalation exposure concentration monitoring data pertaining to the exposure scenario discussed in this

section. The EURAR (ECHA 2008b) includes HBCD occupational inhalation exposure monitoring data

pertaining to the manufacturing of XPS Foam at multiple sites in Europe using XPS masterbatch and
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these data are presented in Table 2-75. As detailed in this table, these data pertain to various worker
activities or parts of the process for production of XPS foam from XPS masterbatch. These data were
obtained by sampling dust and analyzing the samples for HBCD (ECHA 2008b). Workers are
potentially exposed to HBCD contained in dust comprising airborne fragments of XPS foam (ECHA
2009b) or XPS masterbatch. Each of the data in Table 2-75 have an overall confidence rating of high as
determined via EPA’s systematic review but EPA selected only the data in this table that pertain to the
Secondary Processing of XPS foam as the estimates of HBCD inhalation exposure concentrations
because EPA cannot calculate the mean and 95" percentile of all of the data given in this table. EPA
cannot calculate these statistical values because the individual data points of the various dataset of Table
2-75 are not reported in the EURAR.

Most of the samples associated with the Searl and Robertson (2005) datasets that are noted in the table
as (5a) and (5b) contained HBCD at levels below the detection limit. Specifically, HBCD was detected
in only three of the fourteen dust samples associated with the Searl and Robertson (2005) datasets noted
in the table as 5a and 5b. Nine of these fourteen samples were taken during the secondary processing of
XPS foam (the Searl and Robertson (2005) dataset (5a)), which EPA interprets to mean cutting, sawing,
and machining of XPS foam to manufacture shaped products (discussed Section 2.4.1.6) and the other
five samples were taken during XPS foam reclamation (the Searl and Robertson (2005) data set (5b)),
which is the shredding and reprocessing of process waste (ECHA 2009b).

Although HBCD was not detected in most of the samples associated with the Secondary Processing of
XPA foam, EPA selected the data that pertains to this part of the process because these data include
larger values and a wider range of exposure concentrations as compared with the data that pertain to the
other parts of the process or worker activities. In conclusion, EPA estimated worker exposure to HBCD
during the production of XPS foam from masterbatch using the mean and high-end values of the data
that pertain to the secondary processing of XPS foam: 0.08 mg/m? as a central tendency estimate of
exposure concentration and the 90th percentile value of 0.22 mg/m? as the high-end estimate of exposure
concentration.

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 and 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.
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Table 2-75. Summary of Inhalation Monitoring Data for the Manufacture of XPS Foam Using XPS Masterbatch Containing HBCD
Literature Exposure L8 A 61 Type of| Worker Activity or Exposure.z IR | M B LIy Overall Confidence
Study * Scenario LLIE) Sample Sampling Location (LI T T ] o Type of RCULC Rating
Handled (mg/m’) ® Samples | Measurement
Inhalation Monitoring Data Used to Estimate Worker Exposure
Processing of Original source: (Searl and
Searl and HBCD to HBCD Secondary pr ine of Mean: 0.08 Robertson 2005)
Robertson | Produce XPS | inXPS | NR | °°° Xrgsp fggrejs £90 1 90th percentile: 9 8-hr TWA High
(2005) - 5a from XPS foam 0.22¢ Reported in: (ECHA
Masterbatch 2009b, 2008b)
Other Inhalation Monitoring Data for Handling of XPS Foam
Processing of . Original source: (Searl and
seﬁﬂ r:‘ni HBCDto | HBCD I_{f;lal‘ngﬁonl‘l’rf ﬁiﬁ f‘;"r‘fg Mean: 0.02 Robertson 2005)
(‘2’0‘8 5)50_ Produce XPS | in XPS | NR |7 Cr:)‘cessgis Sf ro%ess 90th percentile: 5 8-hr TWA High
s from XPS foam p wag; to p 0.02 ¢ Reported in: (ECHA
Masterbatch 2009b, 2008b)
Processing of . )
ls(fla‘l)zlrfsr(li HBCD to HBCD Other process control Mean: 0.03 Ongllr::)lbse(;ltlsr(():z.2(g(;:§)rw
Produce XPS | in XPS NR p 90th percentile: 4 8-hr TWA R High
(2005) — operators Reported in: (ECHA
5c from XPS foam 0.03 ¢ 2009b, 2008b)
Masterbatch S —
Processing of . )
ssggr?;i HBCD to XPS Process operators Mean: 0.03 Orlglgilbi(;ggs;(%gw
Produce XPS | Master- NR handling XPS 90th percentile: 24 8-hr TWA . o High
(2005) - Reported in: (ECHA
from XPS batch masterbatch 0.03 ¢
5d 2009b, 2008b)
Masterbatch

NR = Not Reported; N/A = Not Applicable
a — Where multiple datasets are reported in a single literature source, EPA distinguished the various datasets as la, 1b, 2a, 2b, etc.
b — The statistical values were obtained from the referenced literature source and were not calculated by EPA.
¢ — The EURAR defines the secondary processing of EPS foam as the cutting, sawing, and machining of EPS foam and therefore EPA assumed the term “secondary processing
of XPS foam” to mean cutting, sawing and machining of XPS foam.
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Dermal Exposure Assessment

As 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
(high-end) and 630 mg HBCD/day (central tendency). The EURAR and NICNAS report do not estimate
dermal exposures during this operation.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed inhalation exposure concentrations presented above. EPA
considered the quality of the data, the assessment approach, and uncertainties in assessment results to
determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations to be equal to worker monitoring data pertaining to the
exposure scenario and the selection of a dataset of the worker monitoring data that includes the largest
range of values as the basis of the estimated exposure concentrations.

The limitations of the assessment approach are the following: (a) the estimation of inhalation exposure
concentrations to be equal to monitoring data pertaining to only a part of the process for the manufacture
of XPS foam using XPS masterbatch and not all of this process and (b) the worker monitoring data that
are the basis of the estimated inhalation exposure concentrations are not the preferred type because the
type of sampling (personal breathing zone or area monitoring) is not reported for this data.

There is uncertainty in the estimated HBCD potential inhalation exposure concentrations because most
of the worker monitoring data that are the basis of the estimated inhalation exposure concentrations are
non-detects (specifically, 3 or fewer of the total of 9 samples are non-detects). Also, these concentrations
pertain to workers in Europe and the extent to which these concentrations represent the distribution of
inhalation exposure air concentrations pertaining to workers in the U.S. is uncertain. Refer to Section
2.4.1.14 for additional discussion of uncertainty. Based on these strengths, limitations, and uncertainty,
EPA has medium confidence in the assessed occupational inhalation exposure air concentrations.

2.4.1.5 Processing of HBCD to Produce 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 exposure to the HBCD dust and ONU dermal
exposure through contact with surfaces where HBCD dust has settled.

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 industrial use in the “construction” and
“plastics product manufacturing” sectors (2016 CDR, U.S. EPA 2016c¢). These industrial sectors are
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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 exposure scenario.

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 exposure scenario.

Inhalation Exposure Assessment

EPA estimated HBCD potential exposure concentrations to be equal to the assessed exposure
concentrations reported in the EURAR (ECHA 2008b) that pertain to all polymer processing operations
involving standard grade HBCD. These assessed exposure concentrations of the EURAR are based on
HBCD occupational inhalation exposure concentrations that pertain to the manufacture of EPS resin
beads. EPA considered HBCD occupational inhalation exposure concentration data that pertain to the
exposure scenario that is the subject of this section but chose that the assessment approach mentioned
above.

EPA identified other monitoring data pertaining to this exposure scenario with overall confidence
ratings of high as determined via EPA’s systematic review. These data are given in Table 2-74. in
Section 2.4.1.3. Specifically, the data in this table referenced here are the data of Abbott (2001),
Thomsen (2007) and the data of Searl and Robertson (2005) that are noted in this table as (4). EPA
expects the handling of HBCD standard grade powder to result in the largest potential exposure
concentrations, and therefore EPA did not incorporate these data into the estimate of potential exposure
concentrations because these data are not 8-hr TWA personal breathing zone data that are only
associated with HBCD standard grade powder.

EPA expects the worker activity of manual addition of HBCD to process equipment to result in the
largest potential exposure concentration. Therefore, as in the case of the exposure scenario of
compounding of polystyrene resin to produce XPS masterbatch, EPA estimated HBCD inhalation
exposure concentrations to be equal to the assessed exposure concentrations reported in the EURAR
(ECHA 2008Db) that pertain to all polymer processing operations involving standard grade HBCD.
Specifically, EPA estimated high-end and central tendency exposure concentrations to be equal to the
“reasonable worst-case” exposure concentration of the EURAR of 2.5 mg/m? and the “typical” exposure
concentration of the EURAR of 1.25 mg/m?, respectively. Refer to Section 2.4.1.3 for the discussion of
these data of the EURAR.

Dermal Exposure Assessment

As 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 (high-end) and 900 mg
HBCD/day (central tendency).

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
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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 confidence in the assessed inhalation exposure concentrations presented above. EPA
considered the quality of the data, the assessment approach, and uncertainties in assessment results to
determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations based on inhalation exposure concentration monitoring
data that (a) are the preferred type of monitoring data (i.e., 8-hr TWA personal breathing zone data), (b)
are surrogate data pertaining to a worker activity that is certainly relevant to the assessed exposure
scenario, and (c) comprise multiple datasets.

The limitation of the assessment approach is the estimation of inhalation exposure concentrations based
on worker monitoring data that pertain to the worker activity that is expected to result in the largest
exposure but that do not pertain to other worker activities.

There is uncertainty in the estimated HBCD potential inhalation exposure concentrations because the
bases of these concentrations are data that pertain to workers in Europe and the extent to which these
concentrations represent the distribution of inhalation exposure air concentrations pertaining to workers
in the U.S. is uncertain. Refer to Section 2.4.1.14 for additional discussion of uncertainty. Based on
these strengths, limitation, and uncertainty, EPA has medium confidence in the assessed occupational
inhalation exposure air concentrations.

2.4.1.6 Processing of HBCD to Produce EPS Foam from Imported EPS Resin
Beads

EPS foam is produced from EPS resin beads by conditioning the beads and using molds to form blocks
of foam (further described in Section 2.2.6), and then followed by the secondary processing of the foam.
The secondary processing of EPS foam include the cutting, sawing and machining of EPS foam (ECHA
2008b). This is done to produce sheets or customer-required shapes (NICNAS, 2012b), and results in
cuttings and sawdust that are recycled within the plant (ECHA, 2008b); the cuttings are granulated prior
to recycle (NICNAS. 2012b). Worker exposure to HBCD as a result of the conditioning of beads and the
formation of foam in molds is expected to be low based on the process description and because HBCD is
encapsulated in the EPS resin beads at a low concentration (<1 wt%) (NICNAS, 2012b). According to
HBCD importers in Australia, the cutting of XPS/EPS foam by manually sawing it or by using a hot
wire is unlikely to produce inhalable particles (NICNAS, 2012b). The EURAR (ECHA, 2008b) does not
include an assessment of occupational exposure pertaining to the manufacture of EPS foam from EPS
resin beads. According to the EURAR (ECHA. 2008b) worker exposure resulting from the cutting of
XPS/EPS foam that generates dust and from heating XPS/EPS with a hot wire is probably lower than
exposure resulting from handling of pure HBCD. EPA assessed potential worker and ONU exposure to
the dust that is generated during the secondary processing of EPS foam.
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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 2016c¢). 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
exposure scenario.

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 exposure scenario.

Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations to be equal to surrogate HBCD
occupational inhalation exposure concentration monitoring data. The surrogate monitoring data pertain
to the secondary processing of XPS foam which is part of the process of the manufacture of XPS Foam
using XPS masterbatch.

The EURAR (ECHA, 2008b) includes worker inhalation exposure monitoring data pertaining to the
secondary processing of XPS foam but this process is not described. EPA assumed this process is
similar to the secondary processing of EPS foam because the manufacture of XPS foam includes the
trimming of XPS foam to desired shapes (ECHA, 2008b). Based on this, EPA determined the worker
inhalation exposure monitoring data pertaining to the secondary processing of XPS foam to be surrogate
data. This monitoring data is the data of Searl and Robertson (2005), which is presented in Table 2-74
and noted in this table as 5a. EPA estimated central tendency and high-end exposure concentrations to
be equal to the mean value of 0.08 mg/m>, and the 90 percentile value of 0.22 mg/m>of the surrogate
monitoring data, respectively. Refer to Section 2.4.1.4 for a discussion of this monitoring data. Cutting
of EPS foam can be done by machine using sawing or hot wire cutting or by handsaw (NICNAS
2012b.) Hence, as discussed in Section 2.4.1.1, workers are possibly exposed to HBCD nanoparticles as
a result of cutting of EPS foam with a hot wire.

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.

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 exposure scenario (NICNAS 2012b; ECHA 2008b). HBCD is
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;
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ECHA 2008b). Due to the same considerations, dermal exposures to HBCD during this exposure
scenario are not expected.

Strengths, Limitations, and Confidence in Assessment Results

EPA has low to medium confidence in the assessed inhalation exposure concentrations presented above.
EPA considered the quality of the data, the assessment approach, and uncertainties in assessment results
to determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations to be equal to surrogate occupational inhalation
exposure concentration monitoring data.

The limitations of the assessment approach are the following: (a) the worker monitoring data that are the
basis of the estimated inhalation exposure concentrations are not the preferred type because the type of
sampling (personal breathing zone or area monitoring) is not reported for this data and (b) potential
worker exposure resulting from hot wire cutting of EPS foam is not estimated.

The uncertainty in the estimated HBCD potential inhalation exposure concentrations are as follows.
First, as discussed Section 2.4.1.4, most of the worker monitoring data that are the basis of the estimated
inhalation exposure concentrations are non-detects (specifically, three or fewer of the total of nine
samples are non-detects.) Second, there is uncertainty about the extent to which the surrogate inhalation
exposure concentration monitoring data are valid surrogate data because EPA is uncertain that the
secondary processing of XPS foam and the secondary processing of EPS foam are equivalent in terms of
worker exposure. Third, the extent to which the estimated occupational inhalation exposure
concentration data, which are data that pertain to workers in Europe, represent the distribution of
inhalation exposure air concentrations pertaining to workers in the U.S. is uncertain. Refer to Section
2.4.1.14 for additional discussion of uncertainty. Based on these strengths, limitation, and uncertainties,
EPA has low to medium confidence in the assessed occupational inhalation exposure air concentrations.
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Table 2-76. Summary of Inhalation Monitoring Data for Handling of XPS and EPS Foam Containing HBCD

Literature Exposure HORHCS Type of | Worker Activity or Exposuref ILLTLTS? || SR ETIe Overall
Study * Scenario HBCD Sample Sampling Location Concentration of Type of Source Confidence
Handled (mg/m3) ® Samples | Measurement Rating
Inhalation Monitoring Data Used to Estimate Worker Exposure
Original source:
. (Searl and
Searl and | Manufacture of HBCD in Secondary processin Meagrz). tg.os Robertson 2005)
Robertson | XPS from XPS | yn o | NR e Xrgspfoam £ ereentile: 9 8-hr TWA High
(2005) - 5a Masterbatch p 020 ¢ ’ Reported in:
‘ (ECHA 2008b);
(ECHA 2009b)
Other Inhalation Monitoring or Air Concentration Data for the Handling of XPS and EPS Foam
Original source:
Searl and Reclamat.lon of.XPS Mean: 0.02 (Searl and
Robertson Manufacture of HBCD in foam - including 90th Robertson 2005)
XPS from XPS NR shredding and . 5 8-hr TWA High
(2005) — XPS foam . percentile: .
sh Masterbatch reprocessing of process 0.02 ¢ Reported in:
waste ’ (ECHA 2008b);
(ECHA 2009b)
Original source:
Uncertain: ) (Searl and
ssﬁgrfs‘;i Manufacture of | HBCD in Other brocess control Me*;“d tg.03 Robertson 2005)
(2005) . | XPSfromXPS | XPS foam | NR s ereentile: 4 8-hr TWA High
5 Masterbatch or XPS p p 0.03 ¢ ’ Reported in:
Masterbatch ' (ECHA 2008b);
(ECHA 2009b)
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 - The statistical values were obtained from the referenced literature source and were not calculated by EPA.
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2.4.1.7 Processing of HBCD to Produce 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). Attrition of the foam boards
during transportation to sites at which SIPs and automobile replacement parts are manufactured is
unlikely because of the large size of the boards and the limited opportunity for rubbing of boards against
each other. Therefore, worker inhalation exposure during unwrapping of the boards to dust resulting
from the attrition of the boards is unlikely (U.S. EPA 2014a). To manufacture SIPs, the XPS and EPS
foam is cut into the desired size panel, either with saws or thermal wires (NICNAS 2012b; ECHA
2008b). 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.

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 2016c¢). 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 exposure
scenario.

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 automobile replacement part production, EPA estimated that a total of 39 workers and 11
ONUs are potentially exposed during this exposure scenario. EPA used unrounded figures for the
number of workers and ONUs per site to calculate these totals, resulting in the slight discrepancy.

Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations to be equal to surrogate HBCD
occupational inhalation exposure concentration monitoring data. The surrogate monitoring data pertain
to the secondary processing of XPS foam which is part of the process of the manufacture of XPS Foam
using XPS masterbatch.

The EURAR (ECHA. 2008b) includes worker inhalation exposure monitoring data pertaining to the
secondary processing of XPS foam but this process is not described. As discussed in Section 2.4.1.6,
EPA assumed this process is similar to the secondary processing of EPS foam and hence comprises
cutting, sawing and/or machining of XPS foam. Based on this, EPA determined the worker inhalation
exposure monitoring data pertaining to the secondary processing of XPS foam to be surrogate data.
These monitoring data are the data of Searl and Robertson (2005), which is presented in Table 2-75 and
noted in this table as 5a. EPA estimated central tendency and high-end exposure concentrations to be
equal to the mean value of 0.08 mg/m?, and the 90™ percentile value of 0.22 mg/m>of the surrogate
monitoring data, respectively. Refer to Section 2.4.1.4 for a discussion of this monitoring data. As
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discussed in Section 2.4.1.1, workers are possibly exposed to HBCD nanoparticles as a result of cutting
of EPS foam with a hot wire.

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
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 automobile replacement parts from XPS and EPS foam. The EURAR and
Australian risk assessment did not assess dermal exposures during this exposure scenario, 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 exposure scenario are not expected.

Strengths, Limitations, and Confidence in Assessment Results

EPA has low to medium confidence in the assessed inhalation exposure concentrations presented above.
EPA considered the quality of the data, the assessment approach, and uncertainties in assessment results
to determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations to be equal to surrogate occupational inhalation
exposure concentration monitoring data.

The limitations of the assessment approach are the following: (a) the worker monitoring data that are the
basis of the estimated inhalation exposure concentrations are not the preferred type because the type of
sampling (personal breathing zone or area monitoring) is not reported for this data and (b) potential
worker exposure resulting from hot wire cutting of EPS foam is not estimated.

The uncertainty in the estimated HBCD potential inhalation exposure concentrations are as follows.
First, as discussed in Section 2.4.1.4, most of the worker monitoring data that are the basis of the
estimated inhalation exposure concentrations are non-detects (specifically, three or fewer of the total of
nine samples are non-detects.) Second, there is uncertainty about the extent to which the surrogate
inhalation exposure concentration monitoring data are valid surrogate data because EPA is uncertain that
the secondary processing of XPS foam and the manufacture of SIPs and replacement auto parts from
XPS/EPS foam are equivalent in terms of worker exposure. Third, the extent to which the estimated
occupational inhalation exposure concentration data, which are data that pertain to workers in Europe,
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represent the distribution of inhalation exposure air concentrations pertaining to workers in the U.S. is
uncertain. Refer to Section 2.4.1.14 for additional discussion of uncertainty. Based on these strengths,
limitation, and uncertainties, EPA has low to medium confidence in the assessed occupational inhalation
exposure air concentrations.

2.4.1.8 Use: Installation of Automobile Replacement Parts
EPA does not expect that workers at automobile repair sites further process the replacement parts
containing HBCD. Because the automobile 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 2008Db).

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

Workers may saw or cut XPS/EPS foam boards at construction sites (ECHA, 2008b). The boards are
sawed with a bandsaw or manually (NICNAS 2012b) and cut with a knife or a hot wire (NICNAS
2012b; ECHA 2008b). The EURAR and NICNAS do not include an assessment of the occupational
exposure scenario. According to HBCD importers in Australia, the cutting of XPS/EPS foam boards by
manually sawing it or by using a hot wire is unlikely to produce inhalable particles but NICNAS does
not include any corroborating data (NICNAS, 2012b). According to the EURAR (ECHA., 2008b),
worker exposure resulting from the cutting of XPS/EPS foam boards that generates dust and from
heating XPS/EPS with a hot wire is probably lower than exposure resulting from handling of pure
HBCD. As discussed in Section 2.2.9, the amounts of XPS/EPS particles generated from sawing and
cutting XPS/EPS foam boards are reported in the EURAR but the particle sizes are not given. EPA
assessed potential worker exposure to the dust that is generated during the sawing or cutting of XPS/EPS
foam boards. ONUs may inhale this dust.

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.

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 2-77. EPA used unrounded figures for the number of workers and ONUs per site to calculate
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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 2-77. U.S. Number of Establishments and Employees for Installation of XPS/EPS Foam
Insulation in Residential, Public and Commercial Buildings, and Other Structures

Number of Job Sites
- Number of Number of ONUSs
2016 NAICS 2016 NAICS Title Lower value ) U.pper.vall?e Workers per Site? per Site?
(large commercial | (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 estimated HBCD potential inhalation exposure concentrations to be equal to surrogate HBCD
occupational inhalation exposure concentration monitoring data. The surrogate monitoring data pertain
to the secondary processing of XPS foam which is part of the process of the manufacture of XPS Foam
using XPS masterbatch.

The EURAR (ECHA., 2008b) includes worker inhalation exposure monitoring data pertaining to the
secondary processing of XPS foam but this process is not described. As discussed in Section 2.4.1.6,
EPA assumed this process is similar to the secondary processing of EPS foam and hence comprises
cutting, sawing and/or machining of XPS foam. Based on this, EPA determined the worker inhalation
exposure monitoring data pertaining to the secondary processing of XPS foam to be surrogate data.
These monitoring data are the data of Searl and Robertson (2005), which is presented in Table 2-74 and
noted in this table as 5a. EPA estimated central tendency and high-end exposure concentrations to be
equal to the mean value of 0.08 mg/m?, and the 90™ percentile value of 0.22 mg/m>of the surrogate
monitoring data, respectively. Refer to Section 2.4.1.4 for a discussion of this monitoring data. As
discussed in Section 2.4.1.1, workers are possibly exposed to HBCD nanoparticles as a result of cutting
of EPS foam with a hot wire.

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
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
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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 exposure
scenario (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 exposure scenario due to the same considerations.

Strengths, Limitations, and Confidence in Assessment Results

EPA has low to medium confidence in the assessed inhalation exposure concentrations presented above.
EPA considered the quality of the data, the assessment approach, and uncertainties in assessment results
to determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations to be equal to surrogate occupational inhalation
exposure concentration monitoring data.

The limitations of the assessment approach are the following: (a) the worker monitoring data that are the
basis of the estimated inhalation exposure concentrations are not the preferred type because the type of
sampling (personal breathing zone or area monitoring) is not reported for this data and (b) potential
worker exposure resulting from hot wire cutting of EPS foam is not estimated.

The uncertainty in the assessment results are as follows. First, as discussed in Section 2.4.1.4, most of
the worker monitoring data that are the basis of the estimated inhalation exposure concentrations are
non-detects (specifically, three or fewer of the total of nine samples are non-detects.) Second, there is
uncertainty about the extent to which the surrogate inhalation exposure concentration monitoring data
are valid surrogate data because EPA is uncertain that the secondary processing of XPS foam and the
sawing or cutting of XPS/EPS foam at construction sites are equivalent in terms of worker exposure
because the methods and frequencies of sawing or cutting of XPS/EPS foam boards at construction sites
and the ventilation rates at these sites may be different than the values of these parameters in the case of
industrial sites at which the secondary processing of XPS foam occurs. Refer to Section 2.4.1.14 for
additional discussion of uncertainty. Based on these strengths, limitation, and uncertainties, EPA has
low to medium confidence in the assessed occupational inhalation exposure air concentrations.

2.4.1.10 Demolition and Disposal of XPS/EPS Foam Insulation Products in

Residential, Public and Commercial Buildings, and Other Structures
EPA expects workers may break XPS and EPS foam insulation products during demolition, which may
generate dust that contains HBCD that workers and ONUs may inhale. The waste from demolition sites
will most likely be sent to construction & demolition landfills, incineration facilities, or recycled.
Insulation waste containing HBCD may be further broken down via shredders, or other equipment at
landfill and incineration facilities. Workers and ONUs at these facilities may be exposed to dust
containing HBCD. Occupational exposures during recycling is discussed in Section 2.4.1.11 Recycling
of EPS foam and Reuse of XPS foam.
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Solid waste may be first sent to waste transfer facilities, where waste is consolidated onto larger trucks.
At many transfer stations, workers screen incoming waste located on conveyor systems, tipping floors,
or in waste pits to identify recyclables and wastes inappropriate for disposal (e.g., hazardous waste,
whole tires). Workers at transfer stations operate heavy machinery such as conveyor belts, push blades,
balers, and compactors, and may also clean the facility or perform equipment maintenance. Workers
may be exposed to poor air quality due to dust and odor, particularly in tipping areas over waste pits
(https://www.epa.gov/sites/production/files/2016-03/documents/r02002.pdf). As reported for a
municipal landfill facility, waste may be dumped onto tipping floors for storage, then fed to a conveyor
system for sorting and eventual shredding of waste. The waste from these processes are either directly
loaded on trucks to be sent into the landfill or deposited in storage pits (Burkhart and Short 1995).
Heavy machinery operators may be exposed to particulates and other contaminates while in the cabs of
the machinery (https://www.cdc.gov/niosh/hhe/reports/pdfs/1996-0109-2616.pdf and
https://www.cdc.gov/niosh/hhe/reports/pdfs/1993-0696-2395.pdf). Mechanics servicing equipment may
be exposed to residues on machinery. In addition, workers may be exposed when removing dirty work
uniforms (https://www.cdc.gov/niosh/hhe/reports/pdfs/1996-0109-2616.pdf). EPA expects similar
processing of waste may occur at C&D landfills.

At Municipal Waste Combustors (MWCs), waste materials are not generally handled directly by
workers. Trucks may dump the waste directly into the pit, or waste may be tipped to the floor and later
pushed into the pit by a worker operating a front-end loader. A large grapple from an overhead crane is
used to grab waste from the pit and drop it into a hopper, where hydraulic rams feed the material
continuously into the combustion unit at a controlled rate.

Facilities that used the refuse-derived fuel (RDF) process may conduct on-site sorting, shredding, and
inspection of the waste prior to incineration to recover recyclables and remove hazardous waste or other
unwanted materials. Sorting is usually an automated process that uses mechanical separation methods,
such as trommel screens, disk screens, and magnetic separators. Once processed, the waste material may
be transferred to a storage pit, or it may be conveyed directly to the hopper for combustion. Tipping
floor operations may generate dust. Air from the enclosed tipping floor, however, is continuously drawn
into the combustion unit via one or more forced air fans to serve as the primary combustion air and
minimize odors. Dust and lint present in the air is typically captured in filters or other cleaning devices
in order to prevent the clogging of steam coils, which are used to heat the combustion air and help dry
higher-moisture inputs (Kitto 1992).

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, as the insulation may be recycled or reused as
discussed in Section 2.2.11. 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 (BLS)
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 demolition site. These data indicate that there are,
on average, 8 workers and 1 ONU per contractor establishment within NAICS code 238310. Using these
data for number of workers and ONUs and the lower value estimate of 578 demolition sites, a total of
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approximately 5,300 workers and 510 ONUs are potentially exposed. Using these data and the upper
value estimate of 45,832 residential demolition sites, a total of approximately 420,000 workers and
40,000 ONUs are potentially exposed.

For potential workers handling C&D waste, EPA reviewed data from the BLS for NAICS code 562212,
Solid Waste Landfill, and related Standard Occupational Classification (SOC) codes, there are on
average an estimated 3 workers and 2 ONUs per site at landfill facilities. An analysis using the BLS for
NAICS code 562219, Other Nonhazardous Waste provided the same estimate. Using BLS for NAICS
code 562213, Solid Waste Combustors and Incinerators, and related SOC codes, there are on average an
estimated 13 workers and 8 ONUs per incineration site. As stated in Section 2.2.10, EPA identified
estimates of 1,120 to 1,577 active C&D landfills and up to 107 waste-to-energy facilities in the U.S. It is
likely that some of these facilities may not receive insulation waste containing HBCD, depending on the
type of waste accepted at the facility and prevalence of XPS/EPS foam insulation containing HBCD in
nearby areas. An upper bound estimate would be 4,731 workers and 3,154 ONUs for solid waste
landfills and 1,391 workers and 856 ONUs for solid waste incinerators.

Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations in accordance with an estimation
method that is based on the Occupational Safety and Health Administration (OSHA) permissible
exposure limit (PEL) for particulates not otherwise regulated (PNOR) (U.S. EPA, 2013a). That is, EPA
estimated the HBCD potential inhalation exposure concentrations by multiplying the OSHA PEL for
PNOR, which is 15 mg/m? for total dust, by the HBCD concentration in XPS and EPS foam, which are 2
wt% and 0.7 wt%, respectively (ECHA 2008b). This modeling approach assumes that dust generated is
only from XPS/EPS foam and is proportional to the concentration of HBCD in the foam. Hence, EPA
calculated potential HBCD exposure concentrations ranging from 0.105 to 0.30 mg/m?®. 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 broken
down.

EPA considered the use of the data discussed in Section 2.4.1.4, 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 exposure scenario because, based on the process description,
EPA does not expect the use of the same tools for breaking down of foam in this exposure scenario 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 exposure
scenario involves manually breaking foam insulation, demolishing with equipment such as a wrecking
ball, or shredding of foam during waste processing. Based on the process description, the land disposal
for the most part does not involve the intentional breaking of waste although some processing steps such
as compaction and loading and unloading of waste may result in the breaking of articles. This approach
likely overestimates exposure experienced by workers at landfills as discussed below in strengths,
limitations, and confidence in assessment results.

As discussed in Section 2.2.10, EPA estimated a range of release days of 1 to 3 days/year-job site for
demolition sites. However, EPA expects that workers may demolish insulation containing HBCD at
multiple sites in a year. Landfill and incineration operations are expected to run year-round. 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 number of
exposure days to be 1 day/per year and the maximum number of exposure days to be 250 days/year.
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Workers may only perform demolition activities intermittently throughout a year. EPA believes the
upper estimate of 250 days/year is likely an overestimate for demolition workers 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 limit.

Dermal Exposure Assessment

The EURAR and Australian risk assessment did not assess dermal exposures during this exposure
scenario (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 exposure scenario due to
the same considerations.

Strengths, Limitations, and Confidence in Assessment Results

EPA has low to medium confidence in the assessed inhalation exposure concentrations presented above.
EPA considered the uncertainties in assessment results to determine the level of confidence. EPA is
uncertain about the extent to which the OSHA PEL for PNOR is representative of occupational
inhalation exposure air concentrations during demolition of buildings and other structures and the
processing of waste. Inherent to EPA’s approach is the assumption that XPS/EPS foam is the source of
all the dust that is generated and this assumption likely results in an overestimate of exposure
concentrations. In particular, EPA expects inhalation exposures for workers at landfill and incineration
facilities to be overestimated. Insulation waste is only a small contributor to waste received at C&D
landfills and site-specific processes may not involve the intentional breaking of waste. EPA estimates
concrete and wood products composed the largest proportion of waste materials at C&D landfills (U.S.
EPA 2018a). Based on these strengths, limitation, and uncertainty, EPA has low to medium confidence
in the assessed occupational inhalation exposure air concentrations.

2.4.1.11 Recycling of EPS Foam and Reuse of XPS Foam
EPS boards are recycled by grinding them and feeding the grinded material to the molding process
together with virgin EPS to form new boards (ECHA 2008b). As discussed in Section 1.2.6, in the U.S.
the EPS produced by recycling EPS insulation boards is taken to polystyrene product manufacturers.
EPA assumes that the recycling of EPS insulation boards may include secondary processing of EPS,
which is a part of the process for manufacture of EPS from EPS resin beads and can be the cutting,
sawing and machining of the EPS foam (ECHA, 2008b). As discussed in Section 2.4.1.6, EPA believes
the secondary processing of EPS may result in potential worker and ONU inhalation exposure to the
dust that is generated during this process and hence EPA assessed worker potential exposure.

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. As discussed above, 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 of HBCD to Produce
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,
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EPA estimated that a total of 39 workers and 11 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.

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 estimated HBCD potential inhalation exposure concentrations to be equal to surrogate HBCD
occupational inhalation exposure concentration monitoring data. The surrogate monitoring data pertain
to the secondary processing of XPS foam which is part of the process of the manufacture of XPS Foam.

The EURAR (ECHA, 2008b) includes worker inhalation exposure monitoring data pertaining to the
secondary processing of XPS foam but this process is not described. As discussed in Section 2.4.1.6,
EPA assumed this process is similar to the secondary processing of EPS foam and hence comprises
cutting, sawing and/or machining of XPS foam. Based on this, EPA determined the worker inhalation
exposure monitoring data pertaining to the secondary processing of XPS foam to be surrogate data.
These monitoring data are the data of Searl and Robertson (2005), which is presented in Table 2-75 and
noted in this table as 5a. EPA estimated central tendency and high-end exposure concentrations to be
equal to the mean value of 0.08 mg/m?®, and the 90™ percentile value of 0.22 mg/m>of the surrogate
monitoring data, respectively. Refer to Section 2.4.1.4 for a discussion of this monitoring data.

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 exposure scenario, 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 exposure scenario due to the same
considerations.

Strengths, Limitations, and Confidence in Assessment Results

EPA has low to medium confidence in the assessed inhalation exposure concentrations presented above.
EPA considered the quality of the data, the assessment approach, and uncertainties in assessment results
to determine the level of confidence.

Page 238 of 723


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=5079129
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=3970747
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=3970747

Case: 20-73578, 12/08/2020, ID: 11918900, DktEntry: 1-4, Page 249 of 733

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations to be equal to surrogate occupational inhalation
exposure concentration monitoring data.

The limitation of the assessment approach is that the worker monitoring data that are the basis of the
estimated inhalation exposure concentrations are not the preferred type because the type of sampling
(personal breathing zone or area monitoring) is not reported for this data.

The uncertainty in the estimated HBCD potential inhalation exposure concentrations are as follows.
First, as discussed Section 2.4.1.4, most of the worker monitoring data that are the basis of the estimated
inhalation exposure concentrations are non-detects (specifically, three or fewer of the total of nine
samples are non-detects.) Second, there is uncertainty about the extent to which the surrogate inhalation
exposure concentration monitoring data are valid surrogate data because EPA is uncertain that the
secondary processing of XPS foam and the recycling of EPS foam are equivalent in terms of worker
exposure. Third, the extent to which the estimated occupational inhalation exposure concentration data,
which are data that pertain to workers in Europe, represent the distribution of inhalation exposure air
concentrations pertaining to workers in the U.S. is uncertain. Refer to Section 2.4.1.14 for additional
discussion of uncertainty. Based on these strengths, limitation, and uncertainties, EPA has low to
medium confidence in the assessed occupational inhalation exposure air concentrations.

2.4.1.12 Formulation of Flux/Solder Pastes
EPA lacks information about the physical form and concentration of the HBCD received at the
flux/solder paste formulation site and assumed the HBCD is received as a solid either in pure form in
formulations containing nearly 100% HCBD. Workers at the formulation site 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 HBCD. Additionally, the generated dust from these transfer
activities may result in ONU inhalation exposure to the HBCD dust and ONU dermal exposure through
contact with surfaces where HBCD dust has settled.

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 exposure scenario was estimated
using BLS data for the NAICS code 325998, All Other Miscellaneous Chemical Product and
Preparation Manufacturing. These data are summarized in Table 2-78 below. Based on these data, EPA
estimated that a total of 14 workers and 5 ONUs are potentially exposed during this exposure scenario.
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Table 2-78. U.S. Number of Establishments and Employees for Formulation of Solder Flux
Number of | Number of

2016 Number of

Scenario NAICS 2016 NAICS Title Establishments Work.ers per ONI.Js per
Site ® Site ®
All Other Miscellaneous
Formulation of 325998 Chemical Pro'duct and 1 14 5
flux and solder Preparation
Manufacturing

2Rounded to the nearest whole number.

Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations to be equal to the assessed exposure
concentrations reported in the EURAR (ECHA 2008b) that pertain to all polymer processing operations
involving standard grade HBCD. These assessed exposure concentrations of the EURAR are based on
HBCD occupational inhalation exposure concentrations that pertain to the manufacture of EPS resin
beads. EPA determined these data are surrogate data because these data pertain to the worker activity of
manual addition of HBCD to process equipment. EPA estimated high-end and central tendency exposure
concentrations to be equal to, respectively, the “reasonable worst-case” exposure concentration of the
EURAR which is equal to 2.5 mg/m? and the “typical” exposure concentration of the EURAR which is
equal to one half of the reasonable worst-case, or 1.25 mg/m?. Refer to Section 2.4.1.3, Compounding of
Polystyrene Resin to Produce XPS Masterbatch, for a discussion of EPA’s approach to the estimation of
these estimates of exposure concentration.

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

As 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 (high-end) and 900 mg
HBCD/day (central tendency). The EURAR did not estimate dermal exposures during this exposure
scenario. The NICNAS report did use EASE to model dermal exposure during the addition and
weighing of HBCD into processes, which is covered in this exposure scenario. 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 confidence in the assessed inhalation exposure concentrations presented above. EPA
considered the quality of the data, the assessment approach, and uncertainties in assessment results to
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determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high which is a strength of the assessment. The strength of the assessment approach is the
estimation of inhalation exposure concentrations based on surrogate HBCD inhalation exposure
concentration monitoring data that are the preferred type of monitoring data (i.e., 8-hr TWA personal
breathing zone data).

There is uncertainty about the physical form and concentration of the HBCD that is received at the
formulation site and hence there is uncertainty about the extent to which the surrogate data is relevant to
the exposure scenario. Also, there is uncertainty in the estimated HBCD potential inhalation exposure
concentrations because the bases of these concentrations are data that pertain to workers in Europe and
the extent to which these concentrations represent the distribution of inhalation exposure air
concentrations pertaining to workers in the U.S. is uncertain. Refer to Section 2.4.1.14 for additional
discussion of uncertainty. Based on these strengths, limitation, and uncertainty, EPA has medium
confidence in the assessed occupational inhalation exposure air concentrations.

2.4.1.13 Use of Flux/Solder Paste
The technical data sheets for the flux and solder products identified indicates that these formulations are
frequently supplied in small containers, such as syringes and 100-gram jugs (Indium Corporation,
2019b). 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.

Inhalation

During this exposure scenario 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, other particulates, or vapors, due to the low
volatility of HBCD. The EURAR and NICNAS RAR indicate that HBCD begins to thermally degrade at
temperatures around 190 °C (NICNAS 2012b; ECHA 2008b). Typical soldering formulations start to
melt between 183-188 °C, with soldering temperatures set between 30°C to 50°C higher than the liquid
temperature of the alloy as a rule of thumb and expected to be set up to 300°C (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 exposure scenario.

Dermal

As 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 exposure scenarios. 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. EPA calculated the potential dose for a worker to be 11.0 mg HBCD/day (high-
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end) and 4.5 mg HBCD/day (central tendency). The EURAR and NICNAS did not estimate dermal
exposures during this exposure scenario (NICNAS 2012b; ECHA 2008b).

Strengths, Limitations, and Confidence in Assessment Results

EPA did not assess occupational inhalation exposures during this exposure scenario 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 Recycling of Electronics Waste (E-Waste) Containing HIPS
HIPS is used in electronics such as household appliances, television sets, computers, phones, and other
electronic products (Morf et al. 2005). At the end of their life, electronics may be disposed of and
recycled at electronics recycling facilities. At electronics recycling facilities, workers may manually
disassemble electronics, sort electronic components, and operate equipment used to further process
electronic components, such as through crushing, grinding, and separation of materials (e.g., metal
scrap, plastics) (Rosenberg et al. 2011; Morf et al. 2005). These activities may generate dust that
contains HBCD that workers and ONUs may inhale (Rosenberg et al. 2011) or come into dermal contact
with once the dust settles on surfaces and workers or ONUSs touch these surfaces (Zeng et al. 2016;
Rosenberg et al. 2011). EPA assessed potential worker exposure to the dust that is generated during
electronics recycling.

Number of Potentially Exposed Workers and Occupational Non-Users

EPA estimates that there are 745 electronics recycling sites currently in the US, including both certified
and uncertified sites, according to the two accredited certification programs e-Stewards and R2 (e-
Steward 2020; Sustainable Electronics Recycling 2020). BLS data for the NAICS code 562920,
Materials Recovery Facilities, indicate that there are, on average, two workers and two ONUs per site
within NAICS code 562920. However, Rosenberg et al. (2011) collected personal breathing zone
samples at four waste electrical and electronic equipment recycling sites, sampling between four and
seven workers per site. Therefore, the BLS data may underestimate the number of workers, so EPA
assessed seven workers per site. Because the BLS data indicate a similar number of workers and ONU at
these sites, EPA also assessed seven ONUs per site. This results in a total of 14 workers and ONUs per
site, which is similar to the average number of total employees per establishment for NAICS code
562920 (15 employees per site, of which workers and ONUs are a component).

Based on these data and 745 sites for electronics recycling, EPA estimated that a total of 5,215 workers
and 5,215 ONU s are potentially exposed in this exposure scenario.

Inhalation Exposure Assessment

EPA estimated HBCD potential inhalation exposure concentrations during electronics recycling using
inhalation monitoring data from Rosenberg et al. (2011). EPA selected the data of Rosenberg et al
(2011) because the overall confidence rating determined through EPA’s systematic review of these data
is high and no other relevant HBCD monitoring were found for this exposure scenario.

Rosenberg et al. (2011) collected personal breathing zone samples for flame retardants, including
HBCD, at four waste electrical and electronic equipment (WEEE) recycling sites in Finland. Worker
activities at these sites included manual disassembly and sorting of WEEE, removal of hazardous and
valuable components, and operation of mechanical size reduction equipment, such as crushing and
grinding machinery (Rosenberg et al. 2011). These activities are consistent with the worker activities
EPA assumes to have exposure potential.
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Rosenberg et al. (2011) took PBZ samples during two sampling events at each site, one before and one
after the implementation of improved engineering controls, including improved ventilation,
maintenance, and cleaning habits. A total of 45 PBZ samples were taken from 34 workers at the four
sites during one work shift, with 24 samples taken before engineering control improvements and 21
samples taken after engineering control improvements. The results of the sampling were summarized in
the supplemental file to Rosenberg et al (2011) by presenting the arithmetic mean, median, and range for
each site, before and after engineering controls were implemented. Individual sampling points were not
provided. Rosenberg et al (2011) does not provide individual sample times but indicates that the samples
were taken over a shift with sample times ranging from 191 to 408 minutes. EPA assumes that the
authors translated the individual sample results to a common time basis in order to calculate the
presented summary statistics, with the time basis most likely 8 hours based on the longest sampling time
of 408 minutes. Therefore, EPA assumes the data from Rosenberg et al (2011) are 8-hour TWA values.

EPA included the results from Rosenberg et al (2011) in Table 2-79 below. For this assessment, EPA
only used the data taken before the implementation of engineering controls to provide a conservative
assessment. As discussed in Section 2.4.1.1, EPA prefers the use of median over mean to estimate
central tendency. Therefore, to estimate central tendency exposure concentration, EPA took the average
of the median values presented for the four sites before the implementation of engineering controls,
resulting in a central tendency value of 13.9 ng/m?, which is 0.0000139 mg/m>. To estimate high-end
exposure concentration, EPA used the maximum of all the ranges presented for the four sites before the
implementation of engineering controls, resulting in a high-end value of 100 ng/m?, which is 0.0001
mg/m>. As discussed in Section 4.2.2, EPA determined that the MOE values for these inhalation
exposure concentrations were all above the benchmark values; therefore, EPA did not further refine the
central tendency and high-end inhalation exposure concentrations to account for the monitoring data
taken after the implementation of engineering controls.

EPA did not find data on the exposure frequency of this exposure scenario. EPA assessed the maximum
number of exposure days to be 250 days/year, based on a work schedule of five days per week and 50
weeks per year. EPA used this value to calculate high-end average daily dose. 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. 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 TWA data.
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Table 2-79. Inhalation Monitoring Data for HBCD at Electronics Recycling Sites
Worker :
. .| Form of HBCD | Type of i an Exposurg Number | Sample Time / Overall
Data Source/Study Exposure Scenario . Concentration of Type of Source Confidence
Handled Sample Sampling b .
. (ng/m>) Samples | Measurement Rating
Location
Inhalation Monitoring Data Used in this Assessment to Estimate Worker Exposures Resulting from Electronics Recycling
Site A -
Sorting, )
Rosenberg et al (2011) |V EEE Recycling - Personal | - disassembly, Rarﬁ/%génl~32_9 Y (Rosenbere
& before engineering HBCD dust | Breathing process . 6 8-hr TWA High
—1la Median: 27 etal. 2011)
controls Zone controllers (for 3
. ng/m
mechanical
separations)
Site B -
Sorting, Range: 5.7 —
WEEE Recycling — Personal | disassembly, 100 )
Rosenberig ;t)al (2011) before engineering HBCD dust | Breathing process Mean: 38 7 8-hr TWA (e%% High
controls Zone controllers (for | Median: 15 —
mechanical ng/m?
separations)
Site C -
Sorting, e
Rosenberg et al (2011) WEEE Recycling - Personal || - disassembly, Ralll\%[:eﬁ: 96 58.0 (Rosenber
& before engineering HBCD dust | Breathing process N 5 8-hr TWA SOSCUBCLE High
—1lc Median: 6.4 etal. 2011)
controls Zone | controllers (for 3
. ng/m
mechanical
separations)
Site D -
Sorting, ) B
Rosenberg et al (2011) WEEE Recycling — Personal | disassembly, Raﬁg;:% 68'5 (Rosenbere
& before engineering HBCD dust | Breathing process L 6 8-hr TWA SOSCHBCLE High
-1d Median: 7.2 etal. 2011)
controls Zone | controllers (for 3
. ng/m
mechanical
separations)
Other Inhalation Monitoring Data Not Used in this Assessment
. Site A -
WEEE Recycling — Personal . Range: ND — .
Rosenberg et al (2011) after engineering HBCD dust | Breathing . Sorting, 8.5 6 8-hr TWA (Rosenberg High
—2a disassembly, etal. 2011)
controls are Zone process Mean: 2.9
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Worker Exposure Number | Sample Time / Overall
a . | Form of HBCD | Type of Activity or P . P
Data Source/Study Exposure Scenario A Concentration of Type of Source Confidence
Handled Sample Sampling b .
. (ng/m>) Samples | Measurement Rating
Location
implemented/ controllers (for | Median: 1.3
improved mechanical ng/m’
separations)
Site B -
WEEE Recycling — Sorting, Range: 0.90 —
after engineering Personal | disassembly, 88
Rosenber§ ;'{)al (2011) controls are HBCD dust | Breathing process Mean: 23 5 8-hr TWA g% High
implemented/ Zone controllers (for | Median: 3.5 E—
improved mechanical ng/m?
separations)
Site C -
WEEE Recycling — Sorting,
after engineering Personal | disassembly, Range: ND ) ,
Rosenberig ;z al (2011) controls are HBCD dust | Breathing process Mean: ND 4 8-hr TWA g% High
implemented/ Zone controllers (for | Median: ND I
improved mechanical
separations)
Site D -
WEEE Recycling — Sorting,
after engineering Personal | disassembly, Range: ND i .
Rosenberig zefial (2011) controls are HBCD dust | Breathing process Mean: ND 6 8-hr TWA (01321564;816% High
implemented/ Zone controllers (for | Median: ND -
improved mechanical
separations)

ND = Non-detect for HBCD.
a— Where multiple datasets were available from one literature source, EPA distinguished data as 1a, 1b, 2a, 2b, etc.
b — The statistical values were obtained from the referenced literature source and were not calculated by EPA.
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Dermal Exposure Assessment

The potential dermal exposure from handling HIPS containing HBCD is low due to the small weight
fraction of HBCD in the HIPS and because HBCD is incorporated into the polymer matrix (ECHA
2009¢). However, dust containing HBCD may be generated during electronics recycling. Workers and
ONUs may come into dermal contact with HBCD in these dusts when the dust settles on surfaces and
workers or ONUs touch these surfaces (Zeng et al. 2016; Rosenberg et al. 2011).

Therefore, EPA assessed worker dermal exposure to dusts containing HBCD at electronics recycling
sites. As described in Section 2.4.1.1, EPA used the EPA/OPPT Direct 2-Hand Dermal Contact with
Solids Model (U.S. EPA 2013a) and Marquart et al. (2000) to estimate high-end and central tendency
worker dermal potential dose rate. These sources estimate potential dose rates of 3,100 mg/day (high-
end) and 900 mg/day (central tendency) for quantity of solids retained on a worker’s skin. These
quantities do not pertain to dermal exposure to settled dust and are used here as conservative estimates.
To estimate the quantity of HBCD in solids, EPA used data on the concentration of HBCD in dust on the
floors at electronics recycling sites from Zeng et al. (2016). EPA used the data from Zeng et al. (2016)
because no other relevant data were found. The overall confidence rating determined through EPA’s
systematic review of these data is medium.

Zeng et al. (2016) collected 48 samples of surface particulates from the floors of four major electronics
waste recycling sites in China. These samples were analyzed for multiple compounds, including HBCD.
Zeng et al. (2016) reported HBCD concentrations in these samples by providing the range and average
for the samples taken at each of the four sites. EPA used the maximum HBCD concentration from Zeng
et al. (2016), which is 57,000 ng HBCD/g dust equaling an HBCD fraction of 0.000057, to estimate
dermal exposures. EPA calculated the potential dose rate for a worker to be a high-end of 0.18 mg
HBCD/day (3,100 mg solids/day x 0.000057) and a central tendency of 0.051 mg HBCD/day (900 mg
solids/day x 0.000057). As discussed in Section 4.2.2.5, EPA determined that the MOE values for these
dermal exposure estimates were all above the benchmark values; therefore, EPA did not further refine
the dermal exposure estimates to account for the average HBCD concentrations presented in Zeng et al.
(2016) or a lower solids potential dose rate.

Strengths, Limitations, and Confidence in Assessment Results

EPA has medium confidence in the assessed inhalation exposure concentrations presented above. EPA
considered the quality of the data, the assessment approach, and uncertainties in assessment results to
determine the level of confidence.

The result of EPA’s systematic review is inhalation exposure monitoring data with an overall confidence
rating of high, which is a strength of the assessment. The strength of the assessment approach is the use
of inhalation exposure monitoring data that (a) are the preferred type of monitoring data (i.e., 8-hr TWA
personal breathing zone data), (b) are directly applicable to this exposure scenario, and (c) comprise data
from multiple sites and workers.

The limitation of the assessment approach is the estimation of inhalation exposure concentrations based
on averaging the median values and using the maximum of the available monitoring data because
individual sampling points were not available. However, EPA did not refine this approach because all
calculated MOE values were above the benchmark. In addition, the assessment is limited because only
one relevant dataset from the literature was available.

There is uncertainty in the estimated HBCD potential inhalation exposure concentrations because these
concentrations pertain to workers in Europe and the extent to which these concentrations represent the
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distribution of inhalation exposure air concentrations pertaining to workers in the U.S. is uncertain.
Refer to Section 2.4.1.14 for additional discussion of uncertainty. Based on these strengths, limitation,
and uncertainty, EPA has medium confidence in the assessed occupational inhalation exposure air
concentrations.

2.4.1.15 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 exposure scenario scenarios.

2.4.1.15.1 Number of Workers

There are a number of uncertainties surrounding the estimated number of workers potentially exposed to
HBCD, as outlined below.

First, BLS occupational employment statistics 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 occupational employment
statistics 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 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.

2.4.1.15.2 Estimation of Inhalation Exposure Concentration and Average
Daily Dose

For the most part, EPA estimated HBCD potential inhalation exposure concentrations to be equal to
surrogate HBCD inhalation exposure concentration monitoring data. There is uncertainty about the
extent to which these monitoring data are valid surrogate data. A reason for this is that there is
uncertainty about whether the process equipment and/or worker activities associated with the monitoring
data are comparable to the corresponding process equipment and/or worker activities pertaining to the
exposure scenarios that EPA assessed. Even if the process equipment and/or the worker activities were
comparable, there would still be uncertainty because for the most part EPA estimated HBCD potential
inhalation exposure concentrations to be equal to HBCD inhalation exposure concentration monitoring
data pertaining to workers at sites in Europe.

The extent to which HBCD inhalation exposure concentration monitoring data pertaining to workers at
sites in Europe represent the distribution of inhalation exposure air concentrations pertaining to workers
in the U.S. is uncertain because the determinants of HBCD occupational exposure in Europe and in the
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U.S. may not be similar. These determinants include the engineering controls. The engineering controls
in Europe and in the U.S. may be different due to differing occupational exposure limits. For example,
the occupational exposure limit (OEL) for organic dust and mist in Sweden, which may be applicable to
HBCD, is 5 mg/m* (ECHA. 2008b) but an OEL for HBCD is not established in the U.S. and the OSHA
PEL is 15 mg/m>.

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 exposure scenario. Use of the high-end exposure days assumes the workers are exposed every
working day, which may be an overestimate if workers do not conduct the worker activities that are
associated with the assessed exposure scenarios during each day of operation.

2.4.1.15.3 Modeling Dermal Exposures
To model dermal exposures, EPA used the EPA/OPPT Direct 2-Hand Dermal Contact with Solids
Model, EPA/OPPT Direct 2-Hand Dermal Contact with Container Surfaces (Solids) Model and the
typical exposure data reported in (Marquart, 2006) to estimate high-end and central tendency exposure
estimates. These estimates do not account for the potential exposure reduction due to glove use. In
addition, the potential dermal exposure estimates do not account for variations in the particle sizes of the
solid, amount being handled, or duration of worker activity performed. 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.

2.4.1.15.4 Occupational Non-User (ONU) Potential Inhalation Exposure
As discussed in Section 2.4.1.1, Occupational Exposures Approach and Methodology, EPA assumes
ONU potential HBCD inhalation exposure levels to be lower than those of workers. During the
construction and demolition of buildings, EPA believes that ONUs may work in close proximity to
workers and hence may be exposed to HBCD air concentrations similarly to workers. Furthermore, the
duration and frequency of the ONUs’ work during the construction and demolition of buildings may
equal that of the workers at least for limited periods of time. That is, trade workers such electricians and
plumbers may work in close proximity to workers installing XPS/EPS insulation containing HBCD for
the duration of a particular construction project but that is not necessarily always the case. In conclusion,
there is uncertainty about whether the HBCD potential exposure level of ONUs in the case of
construction and demolition workers is lower than those of workers.

2.4.1.15.5 Firefighter Potential Occupational Exposure
Firefighters represent a subset of the worker population that could be exposed to HBCD from the
burning of building materials and other products. The exposure of HBCD could stem from multiple
conditions of use (e.g., building materials, automobile parts, and other plastics). For the HBCD Problem
Formulation, EPA did not include firefighters within the lifecycle diagram or conceptual model as an
assessment that EPA would include in this risk evaluation. However, EPA acknowledges that
firefighters may be exposed to HBCD and its thermal degradants via inhalation and dermal route.

EPA has identified limited information on firefighter exposure specific to HBCD. A review of literature
in general for firefighters did indicate firefighters may be exposed to flame retardants and combustion
by-products during firefighting, overhaul (searching for fire extending into building spaces), or through
contact with contaminated clothing and equipment and dust at firechouses (Minnesota Department of
Health, 2016). Firefighters generally wear SCBA, gloves, hoods, and coats as protective gear (Mayer et
al., 2019; Alexander and Baxter, 2016; Fent et al., 2015). However, firefighters do not always wear
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SCBA during exterior operations (deploying hoses, forcible entry) or during overhaul operations, and
even has been found to still be exposed to particulates and vapors to the neck and hands with PPE (Fent
et al., 2015). Multiple sources indicate that flame retardants can accumulate on PPE over time (Mayer et
al., 2019; Alexander and Baxter, 2016; Horn et al., 2016; Fent et al., 2015) and then transfer to the skin
of firefighters during activities such as turnout and cleaning. Alexander et al. (2016), Mayer et al.
(2019), and Horn et al. (2016) all sampled for and detected PBDEs, non-PBDE flame retardant and
organophosphate flame retardants on used firefighter PPE. Only Mayer et al. (2019) specifically
sampled for HBCD (on firefighter hoods), which was not detected in any hoods. This study was the only
information EPA identified that specifically looked at HBCD, EPA identified additional studies that
investigated other flame retardants including other brominated flame retardants (e.g., PBDEs, TBBPA).

Horn et al. (2016) measured area air concentrations of flame retardants including PBDEs and multiple
other flame retardants (not including HBCD) during a controlled active residential fire and overhaul,
detecting nine of the eighteen sampled flame retardants during the controlled fire (ranging from 1.2 to
2000 ug/m?) and two flame retardants during overhaul (1.9 and 14 pg/m?). Fent et al. (2018) measured
various chemical concentrations including hydrogen bromide in ten area samples that ranged from non-
detect to 19.8 mg/m>. NICNAS indicates that the combustion of brominated flame retardants can be a
source of hydrogen bromide (NICNAS., 2012b). EPA found one source that measured the concentration
of flame retardants in dust at fire stations (Shen et al., 2018). Shen at al. (2018) did not sample for
HBCD, but did conclude that fire stations are contaminated with higher levels of flame retardants than
residences and other occupational settings.

Shaw et al. (2013) measured PBDEs and polybrominated dibenzo-p-dioxins and dibenzofurans
(PBDDFs) in the serum of 12 firefighters. This study notes that PBDDFs are produced during the
combustion of wastes containing brominated flame retardants (Shaw et al., 2013). Shaw et al. (2013)
found that levels of PBDEs in firefighters were higher than those detected in the general U.S.
population, concluding that the results are suggestive of significant occupational exposure to these
compounds during firefighting. Shaw et al. (2013) indicates that, while preliminary, the serum
concentrations of PBDDFs in firefighters suggest that occupational exposure to PBDDFs formed during
fires may be significant for firefighters.

In summary, EPA believes firefighters may be exposed to flame retardants, which may include HBCD.
However, EPA did not quantify these exposures as EPA lacks data specific to HBCD on these exposures
and exposures of other flame retardants are not easily translated to HBCD due to differences in chemical
properties, volumes, and uses. The potential exposures faced by firefighters is a source of uncertainty in
the occupational exposure assessment.

2.4.1.15.6 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 exposure scenario
(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 2.4.1.13 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.3 and Appendix E.4, respectively.
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A summary of the 8-hour TWA or dermal dose rate, AAD, and CAD values used in this Risk Evaluation
is presented in Table 2-80 and Table 2-81 below. The ADD and CAD are used to characterize chronic,
non-cancer risks in Section 4.2.
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Table 2-80. Acute and Chronic Inhalation Exposure Estimates, Worker Occupational Scenarios *

Occupational Scenario —

Eight-Hour TWA Exposures
Chugcp, 8-hr TWA (mg/m?®)

Acute Absorbed Dose
AADugcp (mg/kg-day)

Chronic Absorbed Dose
CADHzcp (mg/kg-day)

Characterization

Inhalation Exposure Central
High-End High-End | Central Tendency| High-End |Central Tendency
Tendency
Repackaging of import High-end: 90th percentile
o e o1 P 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-
Compounding of Polystyrene case’ from EURAR
Resin to Produce XPS 2.5E+00 1.3E+00 3.1E-01 1.6E-01 5.1E-02 1.50E-02
Masterbatch Central Tendency: Typical from
EURAR
Processing to Produce XPS High-end: 90th percentile
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-
; case’ from EURAR
Processing of HECD to 2.5E+00 1.3E+00 3.1E-01 1.6E-01 1.4E-02 3.85E-03
Produce XPS Foam :
Central Tendency: Typical from
EURAR
Processing to Produce EPS . . .
Foam Using Imported 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
Processing to Produce SIPs High-end: 90th percentile
and Automobile Replacement| 2.2E-01 8.0E-02 2.8E-02 1.0E-02 1.9E-02 3.64E-03
Parts from XPS/EPS Foam Central Tendency: Mean
Use: Installation of
Automobile Replacement -- -- -- -- -- --
Parts ?
Use: Installation of XPS/EPS
Foam Insulation in . .
Residential, Public and 2.2E-01 8.0E-02 2.8E-02 1.0E-02 1.9E-02 3.45E-03 High-end: 90th percentile
. o Central Tendency: Mean
Commercial Buildings, and
Other Structures
Demolition and Dlsposa-l Of. This is a range using the OSHA
XPS/EPS Foam Insulation in PNOR PEL of 15 me/m3 and
Residential, Public and 3.0E-01 1.1E-01 3.8E-02 1.3E-02 2.6E-02 4.53E-03 of 1o mgim> anc
. o as HBCD concentration of 0.7% in
Commercial Buildings, and :
EPS and 2% in XPS.
Other Structures
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Eight-Hour TWA Exposures Acute Absorbed Dose Chronic Absorbed Dose
Occupational Scenario — Cugcp, 8-hr TWA (mg/m?) AAD#ugscp (mg/kg-day) CADngcp (mg/kg-day) Characterization
Inhalation Exposure Central
High-End High-End | Central Tendency| High-End |Central Tendency
Tendency
Processing: Recycling of EPS 2 9E-01 8 0F-02 2 8E-02 1.0E-02 11E-02 1.95E-03 High-end: 90th percentile
Foam ' ) ) ) ' ' Central Tendency: Mean
High-end: Reasonable ‘worst-
Formulation of Flux/Solder | 5, 1.3E+00 3.1E-01 1.6E-01 2.1E-01 5.48E-02 case’ from EURAR
Paste Central Tendency: Typical from
EURAR
Use of Flux / Solder Paste ® - - - -- - --
Recycling of Electronics High-end: High-end of range
}_I’VIa;;e (E-Waste) Containing 1.0E-04 1.4E.05 1.3E-05 1.7E-06 8.6E-06 6.1E.07 Central Tendency: Average of
medians

2 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 exposure scenarios 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 exposure scenarios as EPA does not expect the generation of dust for these exposure scenarios.

Table 2-81. Acute and Chronic Dermal Exposure Estimates, Worker Occupational Scenarios

Potential Dose Rate Acute Absorbed Dose Chronic Absorbed Dose
Occupational Scenario — Dermal Dexp (mg/day) AADugscp (mg/kg-day) CADsscp (mg/kg-day)? Characterization
Exposure Central Central Central
High-End Tendency High-End Tendency High-End Tendency
Chronic absorbed dose —
High-end: Maximum number
Repackaging of import containers 3.1E+03 9.0E+02 2.5E+00 7.3E-01 1.7E+00 2.8E-01 of exposure days
Central tendency: midpoint
of exposure days
Chronic absorbed dose —
. . High-end: Maximum number
EOM UGG 0 10 G TG INE N () 308103 | 90Er02 | 258100 | 73E-01 4.1E-01 7.0E-02 of exposure days
Produce XPS Masterbatch .
Central tendency: midpoint
of exposure days
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Potential Dose Rate Acute Absorbed Dose Chronic Absorbed Dose
Occupational Scenario — Dermal Dexp (mg/day) AADugcp (mg/kg-day) CADugcp (mg/kg-day)* Characterization
Exposure . Central . Central . Central
High-End Tendency High-End Tendency High-End Tendency
Chronic absorbed dose —

q ] High-end: Maximum number
Processing to Produce XPS Foam Using 208+03 | 63E+02 | 18E+00 | 5.1E-01 7.7E-02 1.3E-02 e exposure days
XPS Masterbatch S

Central tendency: midpoint
of exposure days
Chronic absorbed dose —

. High-end: Maximum number
L SN LS DU L DR, Gty 3.0E+03 | 90802 | 2.5E+00 | 7.3E-01 11E-01 1.8E-02 o F exposure days
Foam s

Central tendency: midpoint
of exposure days
Processing to Produce EPS Foam Using
Imported EPS Resin Beads B B B B B B
Processing to Produce SIPs and
Automobile Replacement Parts from -- -- -- -- -- --
XPS/EPS Foam
Use: Installation of Automobile
Replacement Parts B B B B B B
Use: Installation of XPS/EPS Foam
Insulation in Residential, Public and
Commercial Buildings, and Other - - - - - -
Structures
Demolition and Disposal of XPS/EPS
Foam Insulation in Residential, Public
and Commercial Buildings, and Other - - - - - -
Structures
Processing: Recycling of EPS Foam -- -- -- -- -- --
Chronic absorbed dose —
High-end: Maximum number
Formulation of Flux / Solder Paste 3.1E+03 9.0E+02 2.5E+00 7.3E-01 1.7E+00 2.6E-01 of exposure days
Central tendency: midpoint
of exposure days
Chronic absorbed dose —
High-end: Maximum number
Use of Flux / Solder Paste 1.1E+01 4.5E+00 8.9E-03 3.7E-03 6.1E-03 1.0E-03 of exposure days
Central tendency: midpoint
of exposure days
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Potential Dose Rate Acute Absorbed Dose Chronic Absorbed Dose
Occupational Scenario — Dermal Dexp (mg/day) AADugcp (mg/kg-day) CADugcp (mg/kg-day)* Characterization
Exposure Central Central Central
High-End Tendency High-End Tendency High-End Tendency
Chronic absorbed dose —

. . High-end: Maximum number
Recycling of Electronics Waste (E-Waste) | gp 5.1E.02 1.4E-04 | 4.2E-05 9.8E-05 1.5E-05 of exposure days
Containing HIPS R

Central tendency: midpoint
of exposure days
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2.4.2 General Population (Background) Exposures

2.4.2.1 General Population Exposure 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 Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental
Information on General Population, Environmental, and Consumer Exposure Assessment or 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 (from in-service products/articles at the end of their life cycle (Section 1.2.8) as well as
historical releases (Section 1.2.9) resulting from HBCD’s persistence in the environment) appears a
likely source of flame retardants found in indoor dust, suspended particles, and indoor air (Guo 2013;
Dodson et al. 2012; 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. The totality of background exposure includes steady-state environmental exposures ongoing
releases not associated with a particular COU, background/indirect exposures from minor use products
(e.g., textiles, electrical and electronic products, adhesives, and coatings) (Section 1.2.8), and releases
stemming from historical activities (Section 1.2.9) due to HBCD’s persistence in the environment

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. For a more detailed discussion about indoor SVOC exposure, fate and transport in
the indoor environment, please see the Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD),
Supplemental Information on General Population, Environmental, and Consumer Exposure Assessment.

Exposure to general population from non-scenario specific uses was estimated for emissions to water
and air, as depicted in Figure 2-3.

Uses Summary of Summary of Media Exposure Media Estimation
Release Types or Pathways Scenarios Methods

Emission to water:
* Diet

. All media
* Soil +  Use monitoring
*© Air Ambient Air, Indoor General data collected at
Non-scenario Air, Indoor Dust, Baci ?oin d sites away from
Specific Soil, Diet, E 9 manufacturing
Breastmilk xposure facilities

Emission to air:
« Air

* Dust

« Dermal

Reverse dosimetry

Figure 2-3. Overview of General Population Exposure Assessment
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Figure 2-4 depicts the two approaches used by EPA to estimate exposures, both of which consider
multiple pathways of exposure. First, EPA estimated exposure doses using an indirect estimation
method that entailed 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 using an exposure reconstruction method that
entailed combining human biomonitoring data from various environmental matrices with assumptions
about lipid content and generalized one-compartment half-life in the body. There is general concordance
between the two approaches. No modeling data was used for the general population receptor group.

Approach 1:
Indirect Estimation

Approach 2:
Exposure Reconstruction

% Adipose tissue

Environmental media
/ concentrations

Biomonitoring
/ concentrations

*@" Diet

4

* Blood/s +
Age-specific } RECSEHEL Lipid content

@ Dust
exposure ° assumptions
factors ’
ﬁ Soil + ﬁ Breastmilk L
Activity Generalized one-
z 3 ) patterns @ Hair compartment
pmt AT model
®
Placental/fetal
w Dermal loading tissue
!%I Feces

Figure 2-4. Two Exposure Assessment Approaches used to Estimate General Population Exposure
to HBCD

For each exposure pathway, central tendency and high-end doses were estimated. 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. 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.

2.4.2.2 Indirect Estimation Using Environmental Monitoring Data and Exposure
Factors
EPA considered the following exposure pathways for the general population using the indirect
estimation approach:

e Dietary
a. Grains
b. Vegetables
c. Fruit
d. Meat
e. Dairy
f. Fats

Page 256 of 723



Case: 20-73578, 12/08/2020, ID: 11918900, DktEntry: 1-4, Page 267 of 733

g. Seafood (all age groups except infants)
h. Breast milk (for infant age group only)

e Ingestion of dust and soil

e Inhalation of particles (indoor and outdoor)

e Dermal absorption of dust, soil, and/or materials

Equations: EPA describes the equations and inputs used to estimate the exposures in Sections 2.4.2.2.1
through 2.4.2.2.5. For each pathway within the seven different age groups (ranging from infants to
adults), EPA calculated a central and high-end average daily dose (ADD) and then summed the pathway
specific doses to estimate aggregate doses for each age group. In this method EPA generally used central
tendency monitoring data and exposure factor inputs to calculate the central tendency ADD and high-
end values to calculate the high-end ADD. The calculated doses are presented in Section 2.4.2.2.5 for
each pathway individually and for the aggregate of all pathways.

Exposure Factors: Body weights, intakes rates, and other exposure factors used in the equations were
derived from EPA and other agency sources, in particular many were obtained from the Exposure
Factors Handbook (U.S. EPA 2011b). More information on the exposure factors used in each individual
media exposure assessment is presented in Appendix G.

Monitoring Data: For the indirect exposure approach, EPA screened, evaluated, and extracted
monitoring data for food, air, dust, and soil data. All studies with available monitoring data and passing
evaluation scores were considered for determining environmental concentrations and overall trends. The
following criteria were applied to obtain a representative final dataset for each media of interest:

e Location Type: Data were classified as near facility (point source) or away from facility (non-
point source or background) as discussed in the Environmental Exposure section. Data classified
as near facility were excluded from the general population analysis.

e Country: Since only limited U.S. data was identified through systematic review, data from all
high-income countries as classified by the World Bank (June 2019) were included in the final
analysis (https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-
country-and-lending-groups). High-income countries were selected as surrogate countries based
on the assumption that these countries have manufacturing, processing, and use characteristics
that are most likely to resemble those in the United States. Refer to Appendix G for a list of
monitoring data availability by country and media type.

e Unit Fraction: Only data in accepted fractions were included (see Table 2-82). Concentrations
were converted to acceptable unit fractions if conversion factors were provided in the study,
including TOC to dry weight. For food, only wet weight unit fractions were used since no dry
weight to weight conversion factors were available.

e Source of Food: For food groups, data reported from market basket studies were included and
data from wild caught studies were excluded. Wild caught fish monitoring data were considered
in the highly-exposed assessment.

A description of the statistical approach to estimating the central and high-end concentrations can be
found in Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental Information on
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General Population, Environmental, and Consumer Exposure Assessment. In short, EPA estimated an
arithmetic mean and 90™ percentile value for each dataset based on its distribution type (lognormal or
normal), and from these values calculated an overall central tendency (mean of means) and high-end
value (average of 90" percentile). The distribution type was determined from the type and combination
of statistical parameters available in the study (i.e., geometric mean, arithmetic mean, median, geometric
standard deviation, standard deviation, minimum, and/or maximum). Most combinations were assigned
a lognormal distribution type, unless mean estimates were outside the range of reported data. A normal
distribution type was assigned to datasets with only a mean and standard deviation or when the mean
and medians were the same. Datasets were excluded from the final analysis dataset when not enough
parameters were available to estimate a mean or 90" percentile (i.e., only a range of values or only a
minimum or maximum value was reported). Table 2-82 provides a summary of the number of studies
extracted and number of studies used in the final dataset, and the selected unit fraction.

Table 2-82. Summary of Monitoring Studies Identified and Used in the General Population

Exposure Assessment

Media Number of Studies | Number of Studies Fraction
Extracted in Final Dataset

Fruits 4 1? Wet
Vegetables 5 2° Wet
Grains 7 2° Wet
Meats 20 3¢ Wet
Dairy 14 34 Wet
Fats 9 2°¢ Wet
Seafood 22 8t Wet
Breast milk 33 178 Lipid
Indoor Air
Residential 8 4h Gas and/or particulate
Public and commercial 7 51 Gas and/or particulate
buildings (PCB)
Vehicles 3 2 Gas and/or particulate
Ambient Air 20 7k Gas and/or particulate
Indoor dust
Residential 34 24! Dry
Public and commercial building 20 16™ Dry
(PCB)
Vehicles 6 st Dry
Soil 17 2° Dry
Handwipe 2 1P n/a

2 Fruits: (Barghi et al. 2016)
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b Vegetables and Grains: (Barghi et al. 2016; (Fsa 2006)

¢ Meat: (Schecter et al. 2012); Barghi et al. 2016; (Fsa 2006)

4 Dairy: (Barghi et al. 2016; (Fernandes et al. 2016); (Fsa 2006)

¢ Fats: (Schecter et al. 2012); (Fsa 2006)

f Seafood: (Driffield et al. 2008); (Schecter et al. 2012); (Kakimoto et al. 2012); (Ortiz et al. 2011); (Nakagawa et al. 2010);
Barghi et al. 2016; (Fernandes et al. 2016); (Son et al. 2015)

¢ Breastmilk: (de Wit et al. 2012); (Abdallah and Harrad 2011); (Eggesbg et al. 2011); (Féngstrom et al. 2008); (Glynn et
al. 2011); (Carignan et al. 2012); (Toms et al. 2012); (Roosens et al. 2010b);(Eljarrat et al. 2009); (Ryan and Rawn 2014);
(Darnerud et al. 2015); (Harrad and Abdallah 2015); (Ryan et al. 2006); (Antignac et al. 2016); (Lignell et al. 2003); (Tao
et al. 2017);(de Wit et al. 2012)

h Indoor air — residential:(de Wit et al. 2012); (Abdallah et al. 2008); (Saito et al. 2007); Newton et al. 2015)

i Indoor air — PCB: (de Wit et al. 2012); (Abdallah et al. 2008); (Saito et al. 2007)

I Indoor air — vehicle: (de Wit et al. 2012); (Abdallah and Harrad 2010)

X Ambient air: (Hoh and Hites 2005); (Drage et al. 2016); (Abdallah et al. 2008); Newton et al. 2015; (Vorkamp et al. 2015);
(Shoeib et al. 2014); (KLIF 2010)

'Indoor air — residential: (Stapleton et al. 2008); (Abb et al. 2011); (Abdallah and Harrad 2009); (Roosens et al. 2009);
(Santillo et al. 2003); (Abdallah et al. 2008); (Abdallah et al. 2008); (D'Hollander et al. 2010);(Johnson et al. 2013);
(Sahlstrom et al. 2012); (Ali et al. 2012); (Shoeib et al. 2012); (de Wit et al. 2012); (Roosens et al. 2010a); (Abdallah et al.
2008); (Stapleton et al. 2014); (Fromme et al. 2014); (Schreder and La Guardia 2014);(Dodson et al. 2012); Newton et al.
2015; (Sahlstrom et al. 2015); (Mizouchi et al. 2015); (Kuang et al. 2016); (Coelho et al. 2016)

™ Indoor air — PCB: (Abdallah and Harrad 2009); (Santillo et al. 2001); (Abdallah et al. 2008); (Abdallah et al. 2008);
(D'Hollander et al. 2010); (de Wit et al. 2012); (Roosens et al. 2010a); (Takigami et al. 2009);( Newton et al. 2015);
(Leonards et al. 2001); (Al Bitar 2004); (Takigami et al. 2008); (Allgood et al. 2016); (Harrad et al. 2010); Newton et al.
2015; (Mizouchi et al. 2015)

" Indoor air — vehicle: (Abdallah and Harrad 2009); (Abdallah et al. 2008); (Harrad and Abdallah 2011); (Allen et al. 2013);
(de Wit et al. 2012)

°Soil: (Covaci et al. 2009; Newton et al. 2015)

P Handwipe: (Tay et al. 2018)

2.4.2.2.1 Diet — Ingestion

For general population exposure, EPA estimated dietary exposure from all food groups based on
monitoring data. The exposure dose associated with ingesting food is generally derived by multiplying
the concentration of chemical in food or breastmilk 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. EPA used available monitoring data to estimate central tendency and high-end
concentrations of HBCD in specific food groups.

Equations
The equation used to calculate the chronic dose for each age group due to dietary exposure of fruits,
grains, vegetables, meat, dairy, fats, and seafood is presented in Equation 2-12 below.

Equation 2-12

_FCxIRxED

ADD
AT

Where

ADD = Average daily dose used for chronic non-cancer risk
calculations due to ingestion of food group (mg/kg-day)
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FC = HBCD concentration in food group (mg/g)

IR = Food group ingestion rate by age group (g/kg bw-day)
ED = Exposure duration

AT = Averaging time

The equation used to estimate exposure from ingestion of breastmilk is presented in Equation 2-13
below.

Equation 2-13
ADD = BMC X BMR X p

Where
ADD = Average daily dose used for chronic non-cancer risk calculations
due to ingestion of breastmilk (mg/kg-day)
BMC = Chemical concentration in breastmilk lipids (mg/g)
BMR = Breastmilk lipid ingestion rate (mL/kg-day)
p = Density of human breastmilk, 1.03 (g/mL)
Concentrations

Table 2-83 shows the central and high-end HBCD concentrations in the various food groups and
breastmilk. The central tendency concentrations were used in the central ADD estimate and the high-end
concentration was used in the high-end ADD estimate. Charts depicting concentrations in all extracted
studies are provided in the Risk Evaluation for Cyclic Aliphatic Bromide Cluster (HBCD), Supplemental
Information on General Population, Environmental, and Consumer Exposure Assessment.

For fruits, grains, vegetables, meat, dairy, fats, and seafood EPA used market basket monitoring studies
to identify concentrations of HBCD present in different food groups. Only one U.S. market basket study
was identified. In this study (Schecter et al. 2012) measured HBCD stereoisomers in a variety of
common lipid-rich U.S. foods purchased from supermarkets in Dallas, TX in 2010. Thirty-six individual
foods were sampled, generally consisting of fish (including bottom-feeders), poultry, pork, beef and
peanut butter. HBCD were measured in only 15 individual food samples (detection frequency of 42%).
Total HBCD in the individual food samples ranged from non-detect to 1.366 ng/g ww. The median and
mean of total HBCD for all the samples were 0.012 and 0.114 ng/g ww, respectively. The highest
concentration was detected in canned sardines, followed by smoked turkey. Concentrations in this U.S.
study were similar to, although slightly lower than, market basket surveys in other countries. For
example, total HBCD concentrations ranged from non-detect to 0.75 ng/g ww in a 2004 UK Total Diet
Study (FSA 2006), non-detect to 10.1 ng/g ww in a 2013 UK study (Fernandes et al. 2016), and non-
detect to 4.90 ng/g ww in a 2012-2014 Korean study (Barghi et al. 2016). Fish exhibited the highest or
close to highest concentrations in all these studies, but the detection was not restricted to only fish or
meat. In (Barghi et al. 2016), HBCD was detected in all eight food categories (fish, shellfish, meat, eggs,
cereals, vegetables, fruits and dairy products), and was only not detected in yogurt and onions.
Numerous other studies also examined seafood. The highest total HBCD wet weight concentration
measured in seafood was 77.3 ng/g ww in a sample collected from a Japanese market in 2005
(Nakagawa et al. 2010).

Market basket seafood is different from wild-fish caught in a river. 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 market basket food groups are typically lower than levels
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detected in wild animals and plants, especially if collected in industrial areas or near point sources. For
example, in aquatic species, total HBCD has been detected in blubber of harbor porpoises at up to
19,208 ng/g ww in the UK (Law et al. 2006) and in bivalves at up to 362,900 ng/g lw in the U.S. at a
WWTP outfall (La Guardia et al. 2010). Fish ingestion from wild-caught fish is discussed in the highly
exposed population section.

Breast milk ingestion is an exposure pathway specific to infants. HBCD may be present in mothers in
the general population or in highly exposed mothers through subsistence fish exposure or via
occupational exposures. It is likely that that breastmilk concentrations are higher in women who
consume more fish. The highest concentrations were observed by (Eljarrat et al. 2009), in which HBCD
was measured in milk samples collected from women in Spain, ranging from ND to 188 pg/kg lw, with
an average of 47 ng/kg Iw and a median of 27 pg/kg lw. Another study by (Eggesbg 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 Iw, with an average of 1.1 pg/kg Iw. In the United States,
(Carignan et al. 2012) 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
lw.

Ingestion Rates

For fruits, grains, vegetables, meat, dairy, fats, and seafood EPA used mean and 95th percentile age-
specific ingestion rates to calculate the central and high-end doses, respectively, with the exception that
50™ percentile and 90" percentile ingestion rates were used for fish/shellfish. The ingestion rates
(mg/kg-day) were obtained from the Exposure Factors Handbook (U.S. EPA 2011b); (U.S. EPA 2018j);
(U.S. EPA 20171); (U.S. EPA 2018i) for fruits, vegetables, grains, meats, dairy, fats, and breast milk.
For seafood ingestion rates, EPA used data from (U.S. EPA 2014b) along with mean body weights for
each age group from Exposure Factors Handbook (U.S. EPA, 2011b) to calculate a g/kg-day ingestion
rate. Although infants (birth to one year) may consume fish, fish ingestion was considered to be
negligible for this group because fish would only be consumed for a fraction of the first year of life
(starting at 4 to 6 months when solid food is first introduced), the percent of the infant population that
consumes fish is extremely small (only 2.6% of the population), and the mean ingestion rates for fish
(0.03 g/kg/day for the whole population or 1.3 g/kg/day for consumers only from Exposure Factors
Handbook (U.S. EPA, 2011b)) is a small fraction of the total diet. Table 2-83 shows the HBCD
concentrations and the range of ingestion rate used in the dose calculation by food group. See Appendix
G for the specific values used for each age group.

Breastmilk lipid ingestion rates were obtained from the Exposure Factors Handbook (U.S. EPA, 2011b)
and age weighted to calculate an ingestion rate for birth to <1 year old, then multiplied by the density of
human breastmilk (1.03 g/mL) to obtain an ingestion rate of g/kg-day. The calculated central tendency
ingestion rate was 4.2 g/kg-day and the high-end ingestion rate was 6.4 g/kg-day.

Table 2-83. Summary of Concentrations and Ingestion Rates Used in General Population Diet
Exposure Estimate

HBCD concentration (mg/g ww) Range of ingestion rates (g/kg-day)
Food group
Central tendency High-end Central tendency High-end
Fruits 2.6E-08 5.5E-08 1.4E+00-9.9E+00 | 4.3E+00-2.7E+01
Vegetables 1.6E-07 1.9E-07 2.5E+00-6.7E+00 | 6.0E+00-1.9E+01
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Grains 8.2E-08 1.1E-07 2.0E+00-6.4E+00 | 4.3E+00-1.3E+01
Meats 1.1E-07 1.8E-07 1.7E+00-4.0E+00 | 3.8E+00-9.6E+00
Dairy 1.6E-07 2.4E-07 3.3E+00-4.9 E+01 | 9.9E+00-1.0E+02
Fats 1.7E-07 2.3E-07 1.1E+00-4.6E+00 | 2.0E+00-8.9E+00
Seafood 2.0E-06 4.1E-06 1.9E-02-6.3E-02 1.5E-02-4.1E-02
Breastmilk 4.4E-06 8.7E-06 4.2E+00 6.4E+00

Exposure Duration and Averaging Time
The years within an age group (e.g., 1 year for infants) was used for the exposure duration and averaging
time.

HBCD in Drinking Water
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 tha