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EXECUTIVE SUMMARY

As a part of EPA/OPPT’s comprehensive approach to enhance the Agency’s management of existing
chemicals, EPA/OPPT identified a work plan of chemicals for further assessment under the Toxic
Substances Control Act (TSCA)! in March 2012. Chemical risk assessments will be conducted if, as a
result of scoping and problem formulation, there are exposures of concern, identified hazards and
sufficient data for quantitative analysis. If an assessment identifies unreasonable risks to humans or
the environment, EPA will pursue risk reduction. This document presents the problem formulation and
initial assessment of a cluster of chlorinated phosphate ester flame retardants (CPE FR), comprised of
tris(2-chloroethyl) phosphate (TCEP), 2-Propanol, 1-chloro-, phosphate (TCPP) and 2-Propanol, 1,3-
dichloro-, phosphate (TDCPP), as part of the TSCA Work Plan.

EPA/OPPT has identified a cluster of three CPE FR chemicals - TCEP, TCPP and TDCP - for risk
assessment. These three chemicals have similar physical and chemical properties and environmental
fate characteristics. All three chemicals are, or have been used as flame-retardants in polyurethane
foams. In addition, they have similar toxicological properties. Given the common use, widespread
exposure and potential health hazards, EPA/OPPT conducted a problem formulation based on the
evaluation of readily available data and information to determine the feasibility of conducting a
guantitative risk assessment.

The conclusions from this problem formulation and initial assessment are that EPA/OPPT will conduct
additional analyses as follows:
® Assess potential risks to aquatic organisms from CPEs in the environment.
® Assess potential risks to human health from incidental ingestion of CPEs in inhaled dust or via
hand-to-mouth transfer of settled dust released from consumer products.
® Assess potential risks to children from incidental ingestion of CPEs from mouthing of consumer
products.
® Assess potential risks to human health from consumption of CPEs in drinking water, or fish
(recreational and subsistence fishers).
® Evaluate potential risks to human health from aggregate oral exposure to CPEs.

EPA/OPPT has determined that several uses are not expected to result in significant releases to the
environment and therefore will not be assessed:
e Releases from manufacturing and processing resulting in exposures to adjacent communities.
® The manufacture of printed circuit boards.
® The formulation of paints and coatings.
e The use of TDCPP in fabric, textiles and leather products.

EPA/OPPT has determined that a number of scenarios lack sufficient data to quantify risks and
therefore will not be assessed at this time:
e Exposures of birds, terrestrial wildlife, or sediment-dwelling organisms (insufficient toxicity
data).

! http://www.epa.gov/oppt/existingchemicals/pubs/workplans.html
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e Releases to the environment from non-industrial (e.g., office worker) and consumer uses of
products containing CPEs (insufficient data to quantify releases).

® Industrial workers via inhalation of vapor and dermal exposure (no route-specific toxicity data).

e Consumer exposures via inhalation and dermal exposures (no route-specific toxicity data).

Exposures to CPE FRs in food (other than fish) will not be assessed, as this is the purview of other
federal agencies.

During scoping and problem formulation, EPA/OPPT identified available fate, exposure and hazard
data, and characterized potential exposures, receptors and effects. EPA/OPPT examined likely
exposure and hazard scenarios based on current production, use, and fate information to identify
scenarios amenable to risk analysis. The result of EPA/OPPT problem formulation was a conceptual
models and an analysis plan.

Likely sources and pathways considered for analysis include:

® Releases of CPE FRs from chemical manufacturing and processing, resulting in exposures to
aquatic organisms via contact with contaminated water.

e Releases of CPE FRs from consumer products, resulting in exposures via the incidental ingestion
of air-suspended particulates or resuspended dust and hand-to-mouth transfer of settled dust.

® Mouthing of consumer and children’s products containing CPE FRs by children, resulting in
incidental oral exposures.

e Releases of CPE FRs from chemical manufacturing and processing, resulting in exposures via the
ingestion of contaminated drinking water and fish.

Releases to water from chemical manufacturing, polyurethane foam manufacturing and textile
processing are possible and could result in exposures to ecological receptors. EPA/OPPT anticipates
that available toxicological data will support the evaluation of acute and chronic exposures in fish,
daphnids (invertebrates) and algae.

The evaluation of human health risks will focus on general population and consumer oral exposures.
For children and adults, exposures in the home and in other common microenvironments (e.g.,
schools, daycares, public and commercial buildings, vehicles) may be considered. Consumer exposures
to CPE FRs are expected via multiple exposure pathways due to their migration from the polymer
matrix into the environment where they are used, either via emission from the products and
adsorption to particulates and settled dust or via matrix decomposition, aging or release. Because the
predominant consumer uses of CPE-containing polymers, such as insulation and furniture, are in indoor
environments, the potential for exposure via all exposure routes (i.e., inhalation of indoor air and dust,
dermal contact with products and incidental ingestion of dust) is high.

Mouthing of consumer and children’s products containing CPE FRs could result in the migration from
the polymer matrix into a child’s mouth, resulting in oral exposures. General population oral exposures
will be evaluated based on assessed industrial releases and the presence of CPE FRs in fish and drinking
water.

Human endpoints include cancer and non-cancer effects. Two CPEs (i.e., TCEP and TDCPP) are known
animal carcinogens. Other non-cancer laboratory animal studies have shown effects on the kidney,
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liver and the neurological system. Thyroid effects and developmental and reproductive toxicity were
more variable across studies.

Inhalation exposures and dermal contact are expected to be significant exposure routes for industrial
workers and consumers. However, as there are no toxicological data for inhalation or dermal exposure
routes, therefore EPA/OPPT will not assess inhalation or dermal exposure. Inhalation and dermal
toxicity studies have been identified as a critical data gap, necessary to evaluate these exposure
pathways.

In summary, as a result of this problem formulation, EPA/OPPT proposes to conduct an assessment to
evaluate potential risks to aquatic organisms and human health. This document describes the results of
problem formulation and the proposed approach for the risk assessment under the TSCA Existing
Chemicals Program using existing data and methods. EPA/OPPT plans to carefully review and evaluate
the results of previous exposure assessments and health benchmarks. EPA will develop margins of
exposure and cancer risk estimates to evaluate the potential risks from consumer and general
population exposure to CPE FRs.
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1 INTRODUCTION

As a part of EPA/OPPT’s comprehensive approach to enhance the Agency’s management of existing
chemicals, in March 2012 EPA/OPPT identified a work plan of chemicals for further assessment under
the Toxic Substances Control Act (TSCA)2. After gathering input from stakeholders, EPA/OPPT
developed criteria used for identifying chemicals for further assessment3. The criteria focused on
chemicals that meet one or more of the following factors: (1) potentially of concern to children’s
health (for example, because of reproductive or developmental effects); (2) neurotoxic effects; (3)
persistent, bioaccumulative and toxic (PBT); (3) probable or known carcinogens; (4) used in children’s
products; or (5) detected in biomonitoring programs. Using this methodology, EPA/OPPT identified a
TSCA Work Plan of chemicals as candidates for risk assessment in the next several years. In the
prioritization process, a cluster of chlorinated phosphate ester flame retardant chemicals, including
tris(2-chloroethyl) phosphate (TCEP2-propanol, 1-chloro-, phosphate (TCPP) and 2-propanol, 1,3-
dichloro-, phosphate (TDCPP), was identified for assessment based on human health and ecotoxicity
concerns, potential for human exposure, moderate releases to the environment and moderate
environmental persistence.

EPA/OPPT is performing risk assessments on chemicals in the work plan. If an assessment identifies
unacceptable risks to humans or the environment, EPA/OPPT will pursue risk reduction. The target
audience for this risk assessment is primarily EPA risk managers; however, it may also be of interest to
the broader risk assessment community as well as US stakeholders interested in TCEP, TCPP and
TDCPP. The information presented in the risk assessment may be of assistance to other federal, state
and local agencies as well as to members of the general public who are interested in the risks of TCEP,
TCPP and TDCPP.

The initial steps in EPA/OPPT’s risk assessment development process, which is distinct from the initial
prioritization exercise, includes scoping and problem formulation. During these steps EPA/OPPT
reviews currently available data and information, including but not limited to, assessments conducted
by others (e.g., authorities in other countries), published or readily available reports and published
scientific literature.

This document includes the results of scoping and problem formulation for the chlorinated phosphate
ester cluster. In the initial prioritization and scoping stages, EPA/OPPT determined which chemicals
would be included in the cluster and which uses would be considered in the assessment. During
problem formulation, EPA/OPPT identified available exposure and hazard data, and characterized
potential exposures, receptors and effects. EPA/OPPT developed the conceptual models (Figure 2-2
and Figure 2-3) and analysis plan (section 2.6.2) as a result of problem formulation.

2 http://www.epa.gov/oppt/existingchemicals/pubs/workplans.html
3 http://www.epa.gov/oppt/existingchemicals/pubs/wpmethods.pdf
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1.1 Scope of the Assessment

Chlorinated phosphate ester (CPE) flame retardants (FR) are high production volume chemicals (up to
50M Ibs/yr, based on publicly available information) produced or imported into the United States (EPA,
2012). CPE FRs are widely used in applications for paints and coatings, textiles, insulation and
polyurethane foam. Restrictions on the use of polybrominated diphenyl ethers (PBDEs) (EPA, 2012)
have likely spurred the increased use of alternative flame retardants, such as CPE FRs, to meet
flammability standards for many consumer products, such as mattress pads, furniture or automobile
seating. The general US population may be exposed to these chemicals through multiple pathways
(Wei et al., 2015).

Animal toxicity studies indicate effects that may be suggestive of human health concerns. Two CPEs
(i.e., TCEP and TDCPP) are known animal carcinogens. TCPP is currently under study?. Other animal
studies have shown effects on the kidney, liver and the neurological system. Thyroid effects and
developmental and reproductive toxicity were more variable across studies. Given the common use,
widespread exposure and potential health hazards, EPA/OPPT conducted a problem formulation and
evaluation of readily available data and information to determine the feasibility of conducting a
guantitative risk assessment.

EPA/OPPT selected cluster members and uses for inclusion in this assessment based on available data,
including chemical structure, physical chemical properties, toxicological information from existing
assessments, production volume and reported uses. During the initial work plan chemical prioritization
process described above, EPA/OPPT identified TCEP as a work plan chemical, although commercial
uses of TCEP as a flame retardant were declining, since TCPP and TDCPP were structurally similar and
increasing as substitutes for TCEP. As a result, EPA/OPPT grouped the three chemicals for evaluation
(Table 1-1). The rationale for taking a “use cluster approach” is to evaluate chemicals that have a
common pattern of use and may have similar fate, exposure and toxicity. Additionally, the cluster
approach presents efficiencies in data evaluation and analysis.

4 http://ntp.niehs.nih.gov/testing/status/agents/ts-m20263.html
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Table 1-1: CPE FR Cluster Members and Structures

(TCPP)
CI/—<

(representative structure)

CAS RN NAME STRUCTURE

115-96-8 Ethanol, 2-chloro-, phosphate (3:1); ¥
Tris(2-chloroethyl) phosphate C'\Ao/'\p\o/\/CI

(TCEP) /_/o

Cl

13674-84-5 2-Propanol, 1-chloro-, 2,2',2"-phosphate; 0
2-Propanol, 1-chloro-, phosphate CIJ\O/I"\OJVCI

e}

(TDCPP)

Cl

13674-87-8 | 2-Propanol, 1,3-dichloro-, phosphate (3:1); cl o cl
2-Propanol, 1,3-dichloro-, phosphate CIJ\ /‘FL\ L@
o’1"o
o]

o

EPA/OPPT considered additional CPE FR chemicals for inclusion in the cluster. This process began with
the universe of chlorine- and phosphorus- containing chemicals on the TSCA Inventory. Selection
criteria included chemical structure, physical chemical properties and data availability. Data availability
requirements included sufficient exposure and toxicity data to permit a quantitative assessment. In
addition to shared structural similarity, the three CPE FR cluster chemicals are most similar in terms of
physical chemical properties and fate, in particular vapor pressure, water solubility and octanol water
partition coefficient (Table 1-2). The three chemicals also have sufficient data for risk assessment

(Appendix A).

Table 1-2: Select Physical Chemical Properties Used For Selecting Cluster Members

TCEP TCPP TDCPP
Property CAS RN CAS RN CAS RN
115-96-8 13674-84-5 13674-87-8
Physical State at Room Liquid Liquid Liquid
Temperature
.. . g
B°"'“§CP°'"t > 200° C [dec”] > 200° C [dec] > 200° C [dec]
Vapor Pressure* 1.14E-3 1.4 E-3¢ 5.6 E-6
Pa
Water Solubility® mg/L 7820 1080 18
Octanol Water Partition Coeff. 1.78 2.68 3.68
Log Kow®
Notes:
aStability of C-Cl bond loss HCI begins 200° C
bdec = decomposition noted
°EU (2008b)
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1.2 Regulatory and Assessment History

EPA/OPPT reviewed the regulatory and assessment history of TCEP, TCPP, and TDCPP, to identify
exposures, hazards and risks that have been previously documented.

National

TCEP, TDCPP and TCPP are existing chemicals on the TSCA Inventory and therefore were not subject to
EPA’s new chemicals review process and were grandfathered in with the passage of the Toxic
Substances Control Act of 1976. EPA has established Provisional Peer-Reviewed Toxicity Values
(PPRTVs) for TCEPS.

The ATSDR Toxicological Profile for Phosphate Ester Flame Retardants (2012) included TCEP, TDCPP
and TCPP and provided detailed analyses of available hazard data. An earlier evaluation by the CPSC
(2006) assessed the cancer risks associated with inhalation of TDCPP vapor released from furniture
foam and cover fabrics. Estimated cancer risks from lifetime exposure in the home was 300 per million
for adults and estimated cancer risk for children from inhalation exposure during the first two years of
life was 20 per million. The Hazard Index (a comparison of exposure and critical effect level) was 2 for
adults and 5 for children. CPSC estimated that 98-99% of exposure was via the inhalation route.

State

TCEP and TDCPP are both listed on California’s proposition 65 list of chemicals known to the state of
California to cause cancer®. In addition, California Department of Toxic Substances Control (DTSC) has
proposed TDCPP and TCEP in Children’s Foam Padded Sleeping Products for regulation under the Safer
Consumer Products Regulations.’

These CPEs are subject to regulations by a number of states. Other states that have proposed
legislation that could affect the use of TCEP, TDCPP and TCPP include Washington, Massachusetts and
North Carolina.

International

The European Union (EU) has conducted risk assessments for TCEP, TCPP and TDCPP (EU, 20083,
2008b, 2009). Occupational, general population, consumer and ecological exposures were included in
these assessments and in some cases, unacceptable risks were identified. Specifically, risks to workers
from inhalation and dermal exposure to TCEP were identified, as were risks to children from mouthing
of objects made with TCEP (EU, 2009). For all scenarios, risk estimates were based on both
carcinogenic and repeat dose effects. For children’s risk, the assessment assumed high migration rates
via mouthing of articles containing TCEP. The EU concluded that the use of TCEP in toys should be
avoided (EU, 2012). TCEP is listed in the EU Authorisation List based on reproductive toxicity (category
1B) with a sunset date of August 21, 2015. No concerns were identified for ecological receptors.

5 http://hhpprtv.ornl.gov/quickview/pprtv.php
6 http://oehha.ca.gov/prop65/prop65 list/Newlist.html
7 http://www.dtsc.ca.gov/SCP/index.cfm
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Based on a screening assessment of TCEP, Canada passed a Significant New Activity provision in
January 2013 (Health Canada, 2014). As of April 2014, products made, in whole or in part, of
polyurethane foam that contains TCEP and are intended for children under three years of age were
added to Schedule 2 of the Canada Consumer Product Safety Act (CCPSA), based on concerns for
carcinogenicity and impaired fertility. These products are prohibited from manufacture, import,
advertising or sale.

Although the EU risk assessment for TDCPP also identified potential risks to workers, it concluded that
current risk management measures should be effective (EU, 2008b). No risks were identified for
consumers, general population, or ecological receptors. These conclusions took into account the EU
determination that the cancer risks were below the threshold of concern.

The EU risk assessment for TCPP did not identify unacceptable risks for workers, consumers, general
population, or ecological receptors (EU, 2008a).

Appendix B contains additional information on the assessment and regulatory history of these
chemicals.

2 PROBLEM FORMULATION

Problem formulation aims to determine the major factors to be considered in an assessment, including
exposure pathways, receptors and health endpoints (EPA, 1998, 2014b). Accordingly, this problem
formulation summarized the exposure pathways, receptors and health endpoints EPA/OPPT
considered to determine whether to conduct further risk analysis and what exposure/hazard scenarios
to include in a potential risk assessment. To make this determination, EPA/OPPT conducted a
preliminary data review to identify available fate, exposure and hazard data and determine its likely
suitability for quantitative analysis and to identify exposure pathways, receptors and health endpoints
for quantitative analysis.

EPA/OPPT summarized the outcome of this evaluation in conceptual models for ecological and human
health that illustrate the exposure pathways, receptor populations and effects that will be considered
in the risk assessment. EPA/OPPT also prepared analysis plans to demonstrate the proposed approach
to answering the defined assessment questions for ecological and human health.

Data Needs

This section summarizes data identified and considered during problem formulation and used to
construct the conceptual models. The process by which use and exposure scenarios were selected for
inclusion in the conceptual model was informed by the identification of high volume uses that are
known or likely to be associated with exposures. The selection process was further aided by the
identification of data quality objectives to establish study boundaries and determine the type of data
needed to complete the assessment (EPA, 1994b, 1998). Following these established guidelines,
EPA/OPPT identified the approach that will be used to assess risks, the data inputs needed and
requirements for these inputs.
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To determine if CPE FRs present a risk to human health, non-cancer risks will be assessed using the
Margin of Exposure (MOE) approach. This approach requires the selection of a critical effect in a key
study to determine the Point of Departure (POD). Cancer risks will be determined based on low-dose
linear extrapolation, which requires the derivation of a cancer slope factor. To assess risks to ecological
receptors, the Concentration of Concern (CoC) will be established. Both approaches require the
comparison of estimated exposure with a critical effect level (e.g., the POD or the CoC). The types of
data required for conducting this type of quantitative risk assessment are defined in Table 2-1.

Table 2-1: Data Required for Risk Assessment

Workers General Consumers Ecological
Population Receptors
Exposure Manufacture and | Releases to the | Consumer Releases to the
Scenarios processing. environment product uses environment.
(affecting water | resulting in
and edible). direct
exposures or
releases to
indoor
environments.
Exposure Measured or modeled concentrations in relevant media may be used. A

combination of these approaches may be considered depending on the
receptor and exposure scenario of interest.

Hazard/Toxicity | Route-specific mammalian toxicity data [or Acute and chronic
physiologically based pharmacokinetic (PBPK) effects data.
models to estimate internal doses]. Toxicological
effects that are sensitive, adverse and relevant to
the potentially exposed populations.

2.1 Physical Chemistry

CPE FRs are formed via reaction derived from the addition of epoxide with O=P(Cl)3. TCEP is formed
using ethylene oxide. TDCPP is formed using epichlorohydrin. TCPP is a chloropropyl phosphate,
formed using propylene oxide. The common chemical structure is shown in Figure 2-1. The main
substituents or “R” groups are shown in Table 2-2. TCPP has a chiral center and is comprised of four
isomers (EU, 2008a), as displayed in Table 2-3. All commercial mixtures contain varying amounts of the
isomers and available toxicity data are based on the commercial mixture (NRC, 2000).

i
RO*I‘D*OR
OR

Figure 2-1: CPE FR Structure
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Table 2-2: CPE FR Substituents, "R" groups

CAS RN Name R=
Ethanol, 2-chloro-, phosphate (3:1);
115-96-8 (TCEP) CH2-CH2-CI
13674-84-5 2-Propanol, 1-chloro-, 2,2',2"-phosphate; -CH(CH3)-CH2-CI*
(TCPP)
2-Propanol, 1,3-dichloro-, phosphate (3:1);
13674-87-8 (TDCPP) -CH-(CH2-Cl )2
Note: * Major isomer

TCPP has chiral centers and is typically comprised of a mixture of four isomers (EU, 2008a), as displayed
in Table 2-3. All commercial mixtures contain varying amounts of the isomers and available toxicity
data is based on the commercial mixture (NRC, 2000).

Table 2-3: TCPP in commercial products

5 - "
CAS RN Chemical Name Chemical Structure w/w % TCPP in commercial
products
“ i /um
- - - 1 Il_ P
13674-84-5 2-Propanol, 1-chloro-, 2,2',2"-phosphate ‘>* o 50 — 85%*
CI\)\
CI4>; .P )Vcn
76075-08-6 Bis(2-chloro-1-methylethyl) 2- O 15 — 40%
chloropropyl) phosphate H/CI
2-Chloro-1-methylethyl bis(2 &O P O)\/CI
76649-15-5 yiety <15%
chloropropyl) phosphate C'Y
Cl
|, 2-chl hosph _<—O—(IF|)>—O cl
6145-73-9 1-Propanol, 2-chloro-, phosphate (3:1); ° /w/ <1%
ClY
Note:
*Commercial manufacture produces TCPP as 70 — 85% CASRN = [13674-84-5].

The most abundant isomer in commercial products is the completely branched isomer, 2-Propanol, 1-
chloro-, 2,2',2"-phosphate (CASRN = 13674-84-5) and the least abundant form is the completely linear
isomer, 1-Propanol, 2-chloro-, phosphate (3:1) (CASRN = 6145-73-9) (NRC, 2000). Variations in
manufacturing methods result in commercial formulations that contain different proportions of the four
isomers. The different isomers may produce differential toxicity and EPA/OPPT will consider this
potential variability when evaluating data for use in the risk assessment.
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Select physical and chemical properties are displayed in Table 1-2 of section 1.1. A more complete
listing of physical and chemical properties is presented in Table 2-4 below.

Table 2-4: Physical Chemical Properties

TCEP TCPP TDCPP
Property CAS RN CAS RN CAS RN
115-96-8 13674-84-5 13674-87-8
Molecular Weight (grams/mol) 285.50 327.57 430.88
Physical State at Room Liquid Liquid Liquid
Temperature
Odor Slight Odor Mild Odor Mild Odor
Density at 25° C 1.425 g/cm3 1.29 g/cm? 1.48 g/cm?
Melting Point -55°C -40° C 27°C
. . a
B°"'“§CP°'"t > 200° C [dec”] > 200° C [dec] > 200° C [dec]
Vapor Pressure® 1.14 E-3 1.4 E-3¢ 5.6 E-6
Pa
Water Solubility® mg/L 7820 1080 18
Octanol Water Partition Coeff. 1.78 2.68 3.68
Log Kow®
Notes:
aStability of C-Cl bond loss HCI begins 200° C
bdec = decomposition noted
°EU (2008b)
2.2 Production Volume and Use

EPA/OPPT searched the 2012 Chemical Data Reporting (CDR) database and market reports, to identify
the uses and associated production volumes of each chemical, summarized in Table 2-5. Some
information claimed as confidential business information cannot be included in this report.
Additionally, primary literature and the Washington State’s Children’s Safe Product Act Database® were
searched for other potential uses. Additional information is provided in Appendix B.

TCEP’s only CDR reported use is under the “paints and coatings” sector for both the industrial and
consumer/commercial categories. Although not reported to the CDR, TCEP has also been reported to
be used as a flame retardant in children’s car seats (Washington State, 2014) and has been detected in
changing table pads, sleep positioners, portable mattresses, nursing pillows, baby carriers and infant
bath mats (Stapleton et al., 2011).

TCPP is reported to the CDR in a variety of industrial use categories such as “furniture and related
products” for the manufacture of flexible polyurethane foam and under “textiles, apparel and leather”
for fabric finishing processing. Other industrial uses are given in Table 2-5. TCPP is reported to be used

8 https://fortress.wa.gov/ecy/cspareporting/Default.aspx
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in a variety of commercial and consumer use categories as well. Potential end-uses within the reported
commercial and consumer products include household upholstered furniture and foam baby products,
printed circuit boards in automotive electronics, fire stop sealants and panels and laminates for
insulation and roofing applications. TCPP has been detected in household furniture including
footstools, ottomans and chairs (Stapleton et al., 2009). TCPP has also been detected in polyurethane
foam in certain baby products including car seats, changing table pads, sleep positioners, portable
mattresses, nursing pillows and rocking chairs (Stapleton et al., 2011).

TDCPP is listed in the CDR’s industrial use category under the construction sector and in the
commercial and consumer use category under “building/construction materials.” These sectors may
refer to TDCPP’s use in the manufacture of rigid polyurethane foam, which is used in laminates, pipes
and ducts. Although not reported as a use in the CDR, TDCPP has been detected in furniture such as
sofas, chairs and futons and in baby products including rocking chairs, baby strollers, car seats,
changing pads, sleep positioners, portable mattresses, nursing pillows and infant bathmats (Stapleton
et al., 2009; Stapleton et al., 2011). TDCPP has also been reported to the Washington State Children’s
Safe Product Act database (2014) for its use as a flame retardant in “arts/crafts variety pack” and also
as a contaminant in footwear for children®.

% Arts/Crafts Variety Pack” includes any products that may be described/observed as two or more distinct Arts and Crafts
products sold together, which exist within the schema but belong to different classes; that is, two or more products
contained within the same pack, which cross classes within the Arts and Crafts Family (GS1, 2014).
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Table 2-5: 2012 CDR Reported Use and Production Volumes

2012 CDR Production Volume

Description of Industrial Commercial or
Industrial Use Use (Based on the Consumer Use Consumer/ Approximate %
Reported to the | Industrial Use Reported to | Reported to the 2012 Potential End-Uses Industrial Commercial of National PV
2012 CDR the 2012 CDR) CDR Within CDR Category (Ibs) (Ibs) by Use
TCEP, (Ethanol, 2-chloro-, phosphate (3:1); Tris(2-chloroethyl) phosphate); 115-96-8
2012 CDR National Production Volume = CBI
Paints and coatings
Processm.g: Paints Formulatlon of Paints and (not known if intended Paints and Coatings cal cal cal
and Coating Coatings for consumer/
commercial or both)
TCPP (2-Propanol, 1-chloro-, phosphate); 13674-84-5
2012 National Production Volume = 54,673,933
Fz:gictisrselr;gn:d Manufacture of flexible PU * PoLyuret:arde foam
Foam for the manufacture | No Data Reported n (?use 0 17,325,125 32
Related Products . furniture (e.g.,
of upholstered furniture
(337) footstools, ottomans
and chairs)
e  Polyurethane foam
. . in baby products
Processing: Foam Seating and
Textiles, apparel Bedding Products (e-g., car seats,
! Fabric finishi i 43,312,813 | 12,993,844 24
and leather (313- abric finishing process (commercial and changing .te.qble pads, e e
sleep positioners,
316) consumer use)
portable mattresses,
nursing pillows and
rocking chairs)
Processing: Material Fabrication Electrical and Automotive
Plastics Material Process for the Electronic Products electronics/printed circuit
. . . 12,993,844 24
and Resins Manufacture of Printed (commercial and boards
(325211) Circuit Boards consumer use)
Formulation of Adhesives Adhesives and - fire stop sealants
Construction and Sealants (Not reported . 780, 604 780, 604 1.4
Sealants (Commercial)
as a flame retardant)
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Description of Industrial

Commercial or

2012 CDR Production Volume

Industrial Use Use (Based on the Consumer Use Consumer/ Approximate %
Reported to the | Industrial Use Reported to | Reported to the 2012 Potential End-Uses Industrial Commercial of National PV
2012 CDR the 2012 CDR) CDR Within CDR Category (Ibs) (Ibs) by Use
Manufacture of Rigid PU
Construction* Foam (boardstqck/ Construction Products 1,896,664 csl
laminate, pour-in-place, or .
. e Panels and laminates
spray applied) . .
— - for insulation
Building/ Construction -
Materials Not Covered applications
Processing: Paints | Formulation of Paints and e Roofing laminate <20%
. . Elsewhere CBI CBI
and Coatings Coatings .
(commercial and
consumer use)
All Other Basic
Organic Chemical | Unknown N/A N/A CBI CBI
Processing
TDCPP, (2-Propanol, 1,3-dichloro-, phosphate); 13674-87-8
2012 CDR National Production Volume = 10-50 million pounds
Manufacture of Rigid PU Building/Construction
Foam (boardstock/ Materials, e.g. - Laminates
Construction laminate, pour-in-place, or | Laminates, pipes, & - Pipes CBlI CBI
spray applied) ducts. (Consumer & - Ducts

commercial)
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Description of Industrial

Commercial or

2012 CDR Production Volume

Industrial Use Use (Based on the Consumer Use Consumer/ Approximate %
Reported to the | Industrial Use Reported to | Reported to the 2012 Potential End-Uses Industrial Commercial of National PV
2012 CDR the 2012 CDR) CDR Within CDR Category (Ibs) (Ibs) by Use
Foam Seating and e  Furniture (e.g., sofas,
Bedding Products chairs, futons,
(Consumer & rocking chairs)
commercial) ¢  Automotive seating
(i.e., cushions and
headrests)
e Baby products (e.g., CBI CBI CBI
strollers, car seats,
Processing: Manufacture of flexible PU changing pads, sleep
Furniture and Foam for the manufacture positioners, portfable
Related Products of upholstered furniture mattresses, nursing
pillows, infant
bathmats)
Fabric, Textile and e  Automotive fabric
Leather Products Not lining
Covered Elsewhere o Carroofing
(Commercial) CBI CBI CBI

e Textile back coating
(specific textiles are
not known)
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2.3 Fate and Transport

The EPA Design for the Environment Branch (DfE) recently published draft hazard profiles for TCEP,
TCPP and TDCPP (EPA, 2014a) and included in these hazard profiles are assessments of fate,
persistence and bioaccumulation. The summary below is based on information included in the DfE
Report.

Although Level Il fugacity models incorporating available physical and chemical property data indicate
that at steady state TCEP and TCPP are expected to be found primarily in soil and to a lesser extent,
water, available data from environmental monitoring indicates that TCEP and TCPP are routinely found
in water. TCEP and TCPP are expected to have high mobility in soil, based on measured or estimated
Koc values. Leaching through soil to groundwater may occur. In the atmosphere, TCEP is expected to
exist in the vapor phase based on its vapor pressure (EPA, 2014a).

Level lll fugacity models indicate that at steady state TDCPP will likely be found primarily in soil and to
a lesser extent, sediment and water. Leaching through soil to groundwater may occur. Monitoring data
suggests TDCPP is bound to particulates in the atmosphere (EPA, 2014a; Moeller et al., 2011).

TCEP persistence is anticipated to be moderate, whereas TCPP and TDCPP are generally highly
persistent. TCEP is expected to hydrolyze slowly; although hydrolysis rates will be dependent on
temperature and pH conditions according to experimental studies. TDCPP will undergo hydrolysis
under alkaline conditions, with half-lives of 15 days measured at pH 9 and 50°C. TDCPP is relatively
stable to hydrolysis under neutral and acidic conditions, a half-life of >1 year was found under pH 4 and
pH 7 conditions. None of the chemicals are expected to be susceptible to direct photolysis by sunlight,
since they do not absorb light at wavelengths >290 nm. TCEP is not susceptible to significant
degradation by ozone or hydroxyl radicals in experimental studies of water samples. The atmospheric
half-lives of vapor-phase TCEP and TCPP are estimated to be less than one day, although TCPP is not
expected to partition significantly to the atmosphere (EPA, 2014a).

Monitoring studies have reported the detection of TCEP in aquatic species, mammalian species,
herring gull eggs and pine needles. Available toxicokinetic studies indicate that in some species,
metabolites of TCEP are rapidly formed and eliminated. This demonstrates that these materials are
likely bioavailable and could be observed in a biological matrix. However, the rate of metabolism and
elimination may be successfully competing with that of uptake, which is also consistent with the
experimental BCF results (EPA, 2014a).

24 Exposures

This section provides an overview of available exposure data and the receptors identified for
guantitative risk assessment. Data availability tables are available in Appendix A. More detailed
exposure summaries, including additional references, are presented in Appendix D. This appendix also
includes literature references for the data that is related to releases of CPE FRs to the environment
from industrial sites and that EPA took into account in preparing this document.
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2.4.1 Releases to the Environment

EPA/OPPT reviewed readily available sources for information related to the release of flame-retardants
in general from industrial sources. EPA/OPPT also searched the scientific literature for data related to
releases to the environment from industrial sites, but did not find any chemical-specific data. US Toxic
Release Inventory (TRI) data are not available for these chemicals. Releases to water from industrial
operations are possible and may have localized impacts on ecological receptors. CPEs are present in
WWTPs, sludge and biosolids, although in most cases, the source or sources are not known. Additional
information is available in Appendix D.

2.4.2 Presence in the Environment

Several studies throughout the US and abroad have reported levels of the CPEs in the effluent and
influent of wastewater. Measurements in sludge have been made in the EU. However, no US data were
identified. Several studies throughout the US and abroad have reported levels of the CPEs in surface
water. CPEs have been detected in several studies of US drinking water. Collectively, these data
indicate high potential for exposures to ecological receptors, and in particular, aguatic organisms.
Additional information is available in Appendix D.

2.4.3 Occupational Exposures

EPA/OPPT considers inhalation of vapor and dermal exposure to be the most important CPE FR
exposure pathways for industrial workers based on (EU (2008a), (2008b)). Occupational inhalation
exposure monitoring data for industrial workers in the US are not available, but monitoring data for
inhalation exposure of European workers to TCPP or TDCPP vapors at industrial facilities are reported
(EU, 2008a, 2008b). Worker exposure to PU foam dust that contains TCPP or TDCPP due to cutting of
PU foam has been reported to be possible but was not assessed (EU, 2008a, 2008b). Use of
engineering controls (dust extractors) that limit the possibility of dust exposure were reported in
Europe (EU, 2008a, 2008b).
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2.4.4 General Population Exposures

General population exposures include exposures through food and drinking water. Several European
studies (from Spain, Sweden and Norway) and one Canadian study have identified CPE FRs in fish.
Several studies show that the levels of contaminants varied in relation to their proximity to sewage
treatment plants. EPA/OPPT is not aware of data indicating presence of CPE FRs in fish from the US.
However, as noted above, CPE FRs have been detected in US drinking water. Data summaries and
additional references are available in Appendix D. EPA/OPPT considers it possible that presence in fish
and drinking water may contribute to aggregate oral exposures.

2.4.5 Consumer Exposures

Consumer exposures to CPE FRs may include:
® [Inhalation of vapor,
e Dermal exposure to vapor,
e Direct skin contact with CPE FRs on the surface of objects or articles,
® |ncidental ingestion of air-suspended particulates or resuspended dust that is subsequently
trapped in mucous and moved from the respiratory system to the gastrointestinal tract
(referred to here as incidental ingestion of inhaled dust), and
® [ncidental ingestion of indoor settled dust via hand-to-mouth behaviors.
In addition, children may experience incidental ingestion via object-to-mouth behaviors.

A number of published studies have reported levels of CPEs in indoor air and dust. For children and
adults, exposures in the home and in other common microenvironments (e.g., schools, daycares, public
and commercial buildings, vehicles) may be considered. EPA/OPPT considers exposures to CPE FRs
indoor environments to be possible through inhalation of vapor, incidental ingestion of inhaled dust
and hand-to-mouth transfer of settled dust (Cao et al., 2014; EPA, 2011; Makinen et al., 2009; Staaf
and Ostman, 2005a; Yang et al., 2014). Additional details and summary data are available in Appendix
D.

Numerous studies have measured concentrations of CPE FRs in infant products such as high chairs,
bath mats, car seats, nursing pillows, carriers (Fang et al., 2013; Stapleton et al., 2011) sofas (Stapleton
et al., 2009; Stapleton et al., 2012) and camping tents (Keller et al., 2014). Because many of these
products are used in indoor environments, such as homes, consumer and children are likely to be
exposed on a continuing basis using these products. CPE FRs are present in air and dust within the
home. Exposures may be through inhalation of vapor or dust, dermal contact and incidental ingestion
of inhaled dust. Small children may have additional exposures through contact with baby products
containing CPEs and via mouthing behaviors. Data summaries are presented in Appendix D.

2.5 Hazard Endpoints

EPA’s Integrated Risk Information System (IRIS) program has not developed a toxicological review for
any of the CPE FRs in this cluster. In the absence of an IRIS assessment, EPA/OPPT’s preliminary hazard
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evaluation for CPE FRs was based on several existing assessments. In particular, the following studies
were deemed helpful, as they were peer reviewed, widely distributed and largely concordant:

e Toxicological Profile for Phosphate Ester Flame Retardants (human health hazards only)
(ATSDR, 2012)

e EU Risk Assessment Report: Tris (2-Chloroethyl) Phosphate, (TCEP) CAS No: 115-96-8 (EU, 2009)

® EU Risk Assessment Report: Tris(2-Chloro-1-Methylethyl) Phosphate (TCPP) CAS No: 13674-84-5
(EU, 2008a)

® EU Risk Assessment Report: Tris[2-Chloro-1-(Chloromethyl)Ethyl] Phosphate (TDCP) CAS No:
13674-87-8 (EU, 2008b)

2.5.1 Ecological Hazard

Data availability tables are presented in Appendix A. Available hazard information for ecological
receptors, summarized in Appendix E, is limited to aquatic organisms. There is a robust data set for
acute aquatic toxicity, including fish, invertebrate and algal toxicity data for all three chemicals. Chronic
aquatic toxicity data is available for daphnids, but not fish. There are no sediment toxicity data or
terrestrial toxicity data.

Sublethal effects were observed in acute tests with fish that included loss of coordination that
culminated in overturned fish, edema, darkened pigmentation and hyperventilation. These effects
suggest potential for long-term population level concerns in fish. In the absence of studies that
characterize fish life stages to address population level concerns, EPA/OPPT will consider alternative
approaches for evaluating chronic toxicity concerns in fish that may include use of acute-to-chronic
ratios derived from halogenated phosphate esters with pesticidal use and non-halogenated phosphate
esters with a comparison of sub-lethal effects observed in acute studies.

2.5.2 Human Health Hazard

Bioavailability and Metabolism

Animal studies show that TDCPP, TCEP and TCPP are rapidly and extensively absorbed following oral
dosing. Dermal absorption was significant for rats exposed to TDCPP and for in vitro studies of human
skin exposed to TCPP. Exposure to nebulized TCEP also found extensive absorption (Yoshida et al.,
1997), suggestive of the potential for absorption via inhalation although no toxicokinetic data are
available for quantifying inhalation absorption. Absorbed TDCPP, TCEP and TCPP distribute throughout
the body without preferential accumulation in specific tissues or organs. Transfer to human breast milk
is indicated by biomonitoring studies that have found TCEP, TCPP and TDCPP in human breast milk.
TDCPP, TCEP and TCPP are rapidly metabolized by extensive Phase | and Phase Il metabolism. TDCPP is
likely metabolized by a combination of MFO, hydrolase and GST reactions producing glutathione
conjugates. TCEP and TCPP are likely metabolized by a similar pathway of hydroxylation possibly by
MFO and CYP 450 enzymes then conjugated with glucuronic acid. Some of the metabolism of TCEP may
occur extrahepatically, possibly via B-esterases. The metabolic products of TDCP, TCEP and TCPP are
rapidly excreted, primarily in the urine. The biliary/fecal excretion ratios for TCEP and TCPP indicate
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enterohepatic re-circulation occurs. PBPK models have not been developed for any of the phosphate
ester flame retardants.

Toxicological Effects

A review of existing assessments and other readily accessible information during scoping and problem
formulation reveals a number of well-characterized toxicological effects. The ATSDR Toxicological
Profile provides a detailed summary of available toxicological data for these chemicals (ATSDR, 2012).
Data availability tables are available in Appendix A. Key endpoints are summarized below, but
additional detail, including complete references, can also be found in Appendix F.

Animal studies show that TDCPP, TCEP and TCPP are rapidly and extensively absorbed following oral
dosing. Dermal absorption was significant for rats exposed to TDCPP and for in vitro studies of human
skin exposed to TCPP. Exposure to nebulized TCEP also found extensive absorption (Yoshida et al.,
1997), suggestive of the potential for absorption via inhalation although no toxicokinetic data are
available for quantifying inhalation absorption. Absorbed TDCPP, TCEP and TCPP distribute throughout
the body without preferential accumulation in specific tissues or organs. Transfer to human breast milk
is indicated by biomonitoring studies that have found TCEP, TCPP and TDCPP in human breast milk.
TDCPP, TCEP and TCPP are rapidly metabolized by extensive Phase | and Phase Il metabolism. TDCPP is
likely metabolized by a combination of MFO, hydrolase and GST reactions producing glutathione
conjugates. TCEP and TCPP are likely metabolized by a similar pathway of hydroxylation possibly by
MFO and CYP 450 enzymes then conjugated with glucuronic acid. Some of the metabolism of TCEP may
occur extrahepatically, possibly via B-esterases. The metabolic products of TDCP, TCEP and TCPP are
rapidly excreted, primarily in the urine. The biliary/fecal excretion ratios for TCEP and TCPP indicate
enterohepatic re-circulation occurs. PBPK models have not been developed for any of the phosphate
ester flame-retardants.

Repeat dose studies indicate that the kidney is a key target organ. In subchronic toxicity tests, kidney
effects were noted with all three chemicals. In chronic studies with TCEP (NTP, 1991) and TDCPP
(Freudenthal and Henrich, 2000), precancerous and cancerous lesions were observed in the kidneys.
Mild liver toxicity (increased liver weights) was also observed in two studies, one on TCDPP (Stauffer
Chemical Company, 1981) and another with TCEP (NTP, 1991). Thyroidal effects were seen in TCPP and
TDCPP (Freudenthal and Henrich, 1999, 2000).

As noted previously, TCEP and TDCPP are considered animal carcinogens. For example, TCEP exposure
was associated with renal tubule adenomas and carcinomas (rats, mice) and follicular cell adenoma or
carcinoma of