o United States
\__/ Environmental Protection
\ Y4 Agency

AN ALTERNATIVES ASSESSMENT FOR THE FLAME
RETARDANT DECABROMODIPHENYL ETHER (DecaBDE)

FINAL REPORT

January 2014



An Alternatives Assessment for the Flame Retardant Decabromodiphenyl Ether
(DecaBDE) Executive Summary

This report provides detailed hazard information for 29 substances and mixtures that have been

identified as potentially viable alternatives to decabromodiphenyl ether (decaBDE) in a variety

of polymers and applications. Chemicals were selected for evaluation based on their potential as

substitutes to decaBDE, not because they are expected to be safer than decaBDE. The purpose of

the report is to provide human health and ecological hazard information; a fully informed choice

of alternatives will likely require consideration of other factors, such as cost and efficacy.

Efficacy of the flame retardant alternatives was not tested. The U.S. Environmental Protection

Agency (EPA) developed the report with input from a partnership of stakeholders from business,

government, academia, and environmental organizations. This report:

1. Identifies potentially viable and non-viable flame retardant alternatives for decaBDE in a
variety of applications and end-uses;

2. Provides a use, life-cycle, and exposure overview for decaBDE;

3. Supplies hazard profiles for decaBDE and 29 chemical alternatives; and

4. Presents a general discussion of factors relevant to substitution decisions.

The hazard profiles for decaBDE and its alternatives can be found in Chapter 4 of the report.

DecaBDE and the 29 alternatives evaluated in this alternative assessment fall into five general

chemical classes:

1. Discrete halogenated flame retardants;

2. Polymeric brominated flame retardants;

3. Discrete phosphorus flame retardants, nitrogen flame retardants, and phosphorus/nitrogen
flame retardants;

4. Polymeric phosphorus flame retardants and nitrogen flame retardants; and

5. Inorganic flame retardants.

Some of the alternatives have been in use for decades and others are relatively new to the market.
The hazard profiles show that some of the alternatives have similar hazard profiles to decaBDE;
other alternatives have trade-offs in hazard endpoints; some alternatives have preferable profiles
compared to decaBDE. Flame retardants with similar profiles are persistent, potentially
bioaccumulative, and tend to have hazards for carcinogenicity, developmental neurotoxicity and
repeated dose toxicity. Other alternatives are associated with the concern for hazard based on
different endpoints, for example aquatic toxicity, and present hazard trade-offs when compared
to decaBDE. The large polymers are anticipated to be safer because their large size limits
bioavailability. Unfortunately, their long-term fate in the environment is not known and some
stakeholders point out that halogenated polymers can generate halogenated dioxins and furans
during combustion; combustion by-products are not assessed in the report.

Some of the hazard profiles in this report are based largely on empirical data and others rely
heavily on estimated values. Uncertainty is associated with estimated concern for hazards.
Chemicals with limited empirical data that are currently or likely to be used at high volumes
should be priority for further testing.



Background

In December 2009, EPA released the Polybrominated Diphenyl Ethers (PBDES) Action Plan.
The PBDE Action Plan summarizes hazard, exposure, and use information for three commercial
PBDE mixtures, including decaBDE. DecaBDE is a flame retardant used in a variety of
applications, including textiles, plastics, wiring insulation, and building and construction
materials. Debromination (the physical or metabolic removal of bromine atoms) can convert
decaBDE to lower brominated PBDE congeners, contributing further to the potential risk from
exposure to these congeners. In March 2012, EPA initiated rulemaking and proposed a
simultaneous significant new use rule (SNUR) and test rule for PBDES under the Toxic
Substances Control Act (TSCA). The proposed SNUR designates any use of decaBDE in
manufacturing, importation, or processing that is not ongoing as of December 31, 2013 as a
significant new use. Additionally, the manufacture (including import) or processing of any article
to which PBDEs have been added will also be considered a significant new use. The proposed
PBDE test rule requires testing of the health and environmental effects of PBDES by
manufacturers and processors of decaBDE and/or articles containing decaBDE for any use after
December 31, 2013. In December 2009, the largest producers and suppliers of decaBDE in the
U.S. committed to end its production, importation, and sales for all uses by the end of 2013.

As part of the Agency’s efforts to manage chemical risks, the Action Plan called upon the DfE
Program to conduct an alternatives assessment for decaBDE. A DfE Alternatives Assessment is a
process for identifying and comparing potential chemical alternatives that can be used as
substitutes to replace chemicals that the Agency has designated for action. DfE alternatives
assessments provide information on functional class, intrinsic hazard, exposure properties, and
environmental fate for chemical alternatives. It is expected that the information in DfE
Alternatives Assessments will influence the selection of safer, more sustainable alternatives
when combined with other information not highlighted in DfE Alternatives Assessments such as
performance, cost, and efficacy of the alternatives. Alternative materials and barrier
technologies could also be approaches for flame retardancy but were not a focus of this report.

Goal of the Partnership and Report

DfE convened a multi-stakeholder partnership to assess the potential human health and
environmental hazards of decaBDE and its alternatives. The information presented in this report
is based on the partnership’s knowledge and the DfE Program’s research. Chapter 1 of the report
provides background information on decaBDE and defines the report’s purpose and scope.
Chapter 2 describes the materials and products in which decaBDE is used and briefly discusses
flammability standards relevant to products that contain decaBDE. Chapter 3 provides
background information on flame retardants and outlines which flame retardants are and are not
included in the alternatives assessment. Chapter 3 provides details on two flame-retardant
technologies not assessed in the report (inherently flame retardant materials and nanosilicates)
and describes flame retardant modes of action. Chapter 4 is the largest part of the report and
explains the hazard evaluation methodology and the hazard profiles for decaBDE and the 29
identified alternatives. Chapter 5 provides information on exposure and life-cycle considerations
for decaBDE and its alternatives. Chapter 6 discusses considerations for selecting flame
retardants and provides relevant resources for moving towards a substitution decision.



Results

With the assistance of the partnership, EPA identified 29 potentially functional, viable
alternatives to decaBDE for use in select polyolefins, styrenics, engineering thermoplastics,
thermosets, elastomers, or waterborne emulsions and coatings. The scope of this assessment was
focused on the human health and environmental hazards of potential flame retardant substitutes.
The human health endpoints evaluated in DfE alternatives assessments include acute toxicity,
carcinogenicity, genotoxicity, reproductive toxicity, developmental toxicity, neurotoxicity,
repeated dose toxicity, skin sensitization, respiratory sensitization, eye irritation, and dermal
irritation. Large polymers were generally designated as Low concern for human health endpoints
compared to discrete chemicals because the large polymers generally cannot be absorbed or
easily metabolized. Although irritation can occur without absorption, it was not identified as a
hazard for any of the large polymers and therefore was not a distinguishing characteristic in this
assessment. Acute mammalian toxicity was Low for decaBDE and all but two of the alternatives:
tris(tribromoneopentyl) phosphate and the substituted amine phosphate mixture. Carcinogenicity
and genotoxicity hazards varied among the alternatives, with many Low or Moderate results.
None of the chemicals had High concerns for carcinogenicity and only zinc borate had a High
concern for genotoxicity. DecaBDE was Low for genotoxicity and Moderate for carcinogenicity.
Reproductive, developmental, neurological, and repeated dose toxicity varied from Low to High
across discrete chemicals. DecaBDE has High developmental toxicity, Moderate repeated dose
toxicity, and an estimated Low neurological hazard in adults. Irritation and sensitization
endpoints were generally not distinguishing, but five chemicals had at least one designation of
Moderate, High, or Very High for one or more irritation or sensitization endpoints, whereas
decaBDE has Low designations for these endpoints.

The aquatic toxicity endpoints evaluated in DfE alternatives assessments include acute and
chronic aquatic toxicity. Aquatic toxicity hazards varied significantly due to the diverse
chemistries of the alternatives. Large discrete chemicals and large polymers (both halogenated
and non-halogenated) had generally Low aquatic toxicity hazards. The larger chemicals and
compounds with high Ko, values are not expected to be bioavailable in the water column. For
inorganic compounds, aquatic toxicity varied from Low to High. The metal species influences
toxicity, as does the type of anion with which it is associated (e.g., a metal hydroxide). Metal
compounds will have different solubilities depending on the anion involved, which will
contribute to the level of toxicity of the metal compound. The aluminum, antimony and zinc
compounds have Moderate to High aquatic toxicity. For ammonium polyphosphate, magnesium
hydroxide and red phosphorus, aquatic toxicity was Low. In addition to some of the inorganic
compounds, some of the phosphorus and/or nitrogen-containing compounds had High or Very
High measured or predicted aquatic toxicity.

Chemical flame retardants must be stable by design in order to maintain their flame retardant
properties throughout the lifetime of the product and most are designated as High or Very High
for persistence. Additionally, the High persistence associated with the large polymers in this
assessment is due to the limited bioavailability and lack of assimilation by microorganisms. The
alternatives without High persistence were triphenyl phosphate, which is readily biodegradable
(low persistence), as well as resorcinol bis-diphenyl phosphate, an inherently biodegradable
chemical that degrades slowly (Moderate persistence), however these substances have aquatic
toxicity hazards and bioaccumulation potential.



The ability of a chemical to accumulate in living organisms is described by the bioconcentration,
bioaccumulation, biomagnification, and/or trophic magnification factors. DecaBDE has High
potential for bioaccumulation, as do its breakdown products (lower brominated diphenyl ether
congeners). Some of the alternatives assessed in this report also have a High potential for
bioaccumulation, including the discrete brominated chemicals and, based on presence of
oligomers below 1,000 daltons, some of the phenyl phosphates. The potential for a molecule to
be absorbed by an organism tends to be lower when the molecule is greater than 1,000 daltons in
size. This is reflected in the Low hazard designations for bioaccumulation for the polymeric
flame retardants without low molecular weight components below 1,000 daltons. The inorganic
flame retardants assessed in this report do not have High potential to bioaccumulate, nor do the
discrete nitrogen-based flame retardants.

How to Use This Report

Audiences for this report include stakeholders interested in chemical hazards and safer
alternatives, including but not limited to chemical manufacturers, component manufacturers,
product manufacturers, retailers, consumers, non-governmental organizations, consultants, and
state and federal regulators. Three potential uses of this report include:

Identification of potential substitutes. This report allows stakeholders interested in chemical
substitution to identify functional substitutes for decaBDE in certain plastics. The list of potential
alternatives introduced in Chapter 3 includes chemicals identified by stakeholders as viable,
functional alternatives as well as chemicals that are not considered functional alternatives and
information on inherently flame retardant polymers. The inclusion of a chemical in this
assessment does not indicate environmental- or health-based preferability. By identifying
potential functional alternatives, this report assists manufacturers in selecting chemicals for
additional performance testing.

Selection of alternative chemicals based on comparative chemical hazard assessment. This
report helps decision-makers understand and compare the hazards associated with potential
alternatives and supplement information on performance and cost. Some alternatives may be
associated with hazard concerns similar to those of decaBDE; others may be associated with
different hazard concerns. Use of the hazard information in Chapter 4 may help businesses avoid
the cost of repeated substitution. The information in Chapter 4 is a robust human health and
environmental profile for each chemical that is based on empirical data and enhanced with
modeling and expert judgment to fill data gaps. The profiles can help decision-makers
understand which potential alternatives may come under scrutiny in the future and choose the
safest possible alternative now in order to reduce future costs. In addition to reading the hazard
summary tables (Table 4-4, Table 4-5, and Table 4-6), decision-makers should review the full
hazard assessments for each chemical available in Section 4.8. The hazard assessments provide
more information on hazard criteria, data interpretation and information used to assign hazard
values in each category. Decision-makers should consider this information to ensure a complete
understanding of the hazard profiles of each alternative.

Use of hazard information for further analysis and decision-making. The information in this
report can be used to inform further analyses on preferred alternative chemicals, such as risk



assessments or life-cycle assessments. For example, a decision-maker could identify several
functional alternatives with preferable hazard profiles, and conduct product-specific risk
assessments based on exposure expectations along the product’s life-cycle. This type of
supplementary information may be helpful in guiding product-specific decision-making.
Information in this report also can be used to identify the Very Persistent Very Bioaccumulative
chemicals targeted under European REACH policy. This report does not evaluate the relative
hazards of alternatives, but GreenScreen™ (www.cleanproduction.org/Greenscreen.php) is one
tool that can be used for this purpose. The criteria used to develop the hazard assessments in this
report can also be used to inform Green Chemistry design if availability of safer alternatives is
limited.
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Hazard Summary Table

Table ES-1 Screening Level Hazard Summary for DecaBDE and Halogenated Flame Retardant Alternatives
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the substance
including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard information in the table.

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

$ Based on analogy to experimental data for a structurally similar compound.

a This alternative may contain impurities. These impurities have hazard designations that differ from the flame retardant alternative, Brominated poly(phenylether), as follows, based on
experimental data: HIGH for human health, HIGH for aquatic toxicity, and VERY HIGH for bioaccumulation.

T This chemical is subject to testing in an EPA consent order for this endpoint.

Human Health Effects TAq_ugti(i* Environmental
oxicity Fate
c c
z - = 2 S
g g 2 2 g E § '-§ >5 '5 g @ zsc
51 8| 2| S| E| 5| g |2 |sg|E|= 2 E
Chemical S €1 28| 8| S| 8|8 |SE|E|B|s|E| 2|3
(for full chemical name and relevant trade names see 5 o 2 S g 5 3 c 23| 3 £ 5 o Kz §
the individual profiles in Section 4.8) CASRN | & | S| &6 | & | 8| 2 | & | & |ed| @] 8] X]| G & @
DecaBDE and Halogenated Flame Retardant Alternatives
DecaBDE and Discrete Halogenated FR Alternatives
Bis(hexachlorocyclopentadieno) Cyclooctane | 13560-89-9 | L | Mm® | Mm® | VL | VL | L | | L | | VL | L | L | L | VH | H
Brominated Poly(phenylether) Confidential | L | L= L |VLae | Ma | Lm La L L |VvL| L | Le | VH' | H'o
Decabromodiphenyl Ethane | 84852-53-9 | L | Mm® | L | L | HS | L | L | L | | VL | VL | L | L | VH |
Decabromodiphenyl Ether [ 1163195 | L | L L[] L] | L ] el [ vH |
Ethylene Bis-Tetrabromophthalimide | 32588-76-4 | L | M | L | L | Mm® | L | L | L | | VL | VL | L | L | VH |
Tetrabromobisphenol A Bis (2,3-dibromopropyl)
Ether 21850-44-2 L M M M L M L L L L L VH H
Tris(tribromoneopentyl) Phosphate | 19186-97-1 | M | M | L | M | M | H | L | L | | L | L | L | L | H | M
Tris(tribromophenoxy) Triazine ‘ 25713-60-4 ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ ‘ L ‘Vl_ ‘ L ‘ L ‘ VH ‘ H

“Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that may
partition to sediment and particulates.
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Table ES-1 Continued

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (\VL, L, I/, H, and VH) were assigned

based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

9 This hazard designation would be assigned MODERATE if >5% of the particles are in the respirable range as a result of dust forming operations.

+ Different formulations of the commercial product are available. One of these many formulations has an average MW of ~1,600 and contains significant amounts of lower MW
components. These lower MW components have hazard designations different than the polymeric flame retardant, as follows: HIGH (estimated) for bioaccumulation; HIGH
(experimental) for acute aquatic toxicity; HIGH estimated for chronic aquatic toxicity; MODERATE (experimental) for developmental; and MODERATE (estimated) for
carcinogenicity, genotoxicity, repeated dose, reproductive, and skin and respiratory sensitization toxicity.

Human Health Effects Aqya_ltlg* Environmental
Toxicity Fate
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(for full chemical name and relevant trade names see 5 o c S > =1 o £ o 2 © - S = 2 s

the individual profiles in Section 4.8) CASRN g S R} g a Z X S 1ed| ol 8] K|S & o

Halogenated Flame Retardant Alternatives Continued

Polymeric Halogenated FR Alternatives”

Brominated Epoxy Polymers | 68928-70-1 | L | Le | L | Le | Le | L | Le* | L | . | L | | Le | Le | VH Le

Brominated Epoxy Polymer(s) Confidential | L Le Le Le Le L Le? | Le * L L | Le | Lo VH Le

Mixture of brominated epoxy polymer(s) and

i i d
bromobenzyl acrylate Confidential | L | Le | Le | Le | Le L | Le? | Le * L | L |Le|Le | VH Le

Brominated Epoxy Resin End-Capped with

d
Tribromopheno 1352294480 | L | L | L L L L | L L L vl L | L | VH L
Brominated Polyacrylate | 59447-57-3 | L | L | L | L | L | L | L° | L | | L | L | L | L | VH | L
Brominated Polystyrene (88407567 [ L [ L [ L [ L [ o [ L[] L | ol o[ va | L

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

P The range of polymer molecular weight can be broad. The polymers listed here have low toxicity for human health and aquatic endpoints. Not all polymers will have this
low toxicity; hazards will vary with physical-chemical properties.
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Table ES-2 Screening Level Hazard Summary for Organic Phosphorus or Nitrogen Flame Retardant Alternatives
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the substance
including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard information in the table.

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (\VL, L,
based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.
S Based on analogy to experimental data for a structurally similar compound.

* The highest hazard designation of any of the oligomers with MW <1,000.

® The highest hazard designation of a representative component of the oligomeric mixture with MWs <1,000.

, H, and VH) were assigned

Human Health Effects T'%?('i“::?:;g* Envir'c:);\{: ental
c c c
> | 2 T @ = = 2
S22 2§ 8|88 8|88 g | 2
S| & g S E| 5| o 2 |28 & = 2 E
Chemical S| S| €8 | & || §| 8 |E2\E|B || EE| 2 |3
(for full chemical name and relevant trade names = o 2 s 2 5 s | &2 o E | £ S P §
see the individual profiles in Section 4.8) CASRN ! S 3 & a 2 x S e8| | 8| & 6 & o
Organic Phosphorus or Nitrogen Flame Retardant (PFR or NFR) Alternatives
Discrete PFR, NFR and P/NFR Alternatives
Substituted Amine Phosphate Mixture ! | Confidential | H | M | M | M | M | L | M L | M® | |VL | M | L | H | L
Triphenyl Phosphate | 115866 | L | M| L | L [ L | L | H | | L [ve]vH][VvH ] L |
Polymeric PFR and NFR Alternatives
Bisphenol A bis-(diphenyl phosphate); BAPP | 181028-795 | L | M | L [ oL [ [ 5| L L | N T
Melamine Cyanurate’ | 37640576 | L [ M | m [ M [ M | L | H L | ool vH | L
Melamine Polyphosphate’ [ 15541603 | L [ m [ M [ ] L [ 5] M [ L | e fvel ol o[ 1 | L
N-alkoxy Hindered Amine Reaction Products | 1901680816 | L | M | L | H | H | L | H L | L vl H ]| H | H

“Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that may

partition to sediment and particulates.

! Hazard designations are based upon the component of the salt with the highest hazard designation, including the corresponding free acid or base.




Table ES-2 Continued

VL = Very Low hazard L =Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, I/, H, and VH) were assigned

based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

9 This hazard designation would be assigned MODERATE if >5% of the particles are in the respirable range as a result of dust forming operations

S Based on analogy to experimental data for a structurally similar compound.

¥ The highest hazard designation of any of the oligomers with MW <1,000.

¥ Phosphonate Oligomer, with a MW range of 1,000 to 5,000, may contain significant amounts of an impurity, depending on the final product preparation. This impurity has hazard
designations that differ from the polymeric flame retardant, as follows: MODERATE (experimental) for carcinogenicity, reproductive and repeated dose toxicity, skin sensitization,
eye and dermal irritation; and HIGH (experimental) for developmental toxicity and acute and chronic aquatic toxicity.

Human Health Effects T%?(:i?:;g* Enwrg;\tr: ental

> _ S S s
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(for full chemical name and relevant trade names = o 2 s 2 5 s | &2 o E | £ S P §

see the individual profiles in Section 4.8) CASRN ! S 3 & a 2 i S |leg|l | &8 & 6 & o

Organic Phosphorus or Nitrogen Flame Retardant (PFR or NFR) Alternatives Continued

Polymeric PFR and NFR Alternatives

Phosphonate Oligomer* 68664-06-2 L M LS L¥ L¥ Y/ E N N N M¥ | MF | LY | HE VH H*

Polyphosphonate 68664-06-2 L L L L L L L’ L L | L | L L VH L

Phosphoric acid, mixed esters with [1,1'-bisphenyl- 9a. 5 5 § § t

4,4-diol] and phenol: BPBP 1003300-73-9 | L M L L L L L L VL | VL | H H H M

Poly[phosphonate-co-carbonate] | 77226-90-5 | L | L | L | L | L | L | L° | L | | L | L | L | L | VH | L

Resorcinol Bis-Diphenylphosphate; RDP | 125997-21-9 | L | M3 | L | L | | | | L | | L | VL | VH | VH | | H*

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




Table ES-3 Screening Level Hazard Summary for Inorganic Flame Retardant Alternatives
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the substance
including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard information in the table.

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

? This hazard designation would be assigned MODERATE if >5% of the particles are in the respirable range as a result of dust forming operations.

R Recalcitrant: Substance is comprised of metallic species that will not degrade, but may change oxidation state or undergo complexation processes under environmental conditions.

“ Ongoing studies may result in a change in this endpoint.

Human Health Effects _I_Aq'.“'a.‘tig* Environmental
oxicity Fate

> . |8 g 5
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5 g 2 é g § é :g E‘g é g © (_36

S| & | 8 S £ S | o 2 28| & | = 2 =

Chemical Y121 8| 8 8|S | 8|8 |E2|E|=|,| 2| 2 g

(for full chemical name and relevant trade names 5| 8 2 S g 5 S| |22 | E| 5 2 2 g

see the individual profiles in Section 4.8) CASRN g1 8 3 ¥ a Z 4 S |les| @ | 8] & 6 & o
Inorganic Flame Retardant Alternatives

Aluminum Diethylphosphinate | 225789-38-8 | L | L | L | VL | M | M | M | L | | L |VL| | | HR | L

Aluminum Hydroxide | 21645512 | L [ L | L [ L [ L | [ m [ L] v v M | M [ HR | L

Ammonium Polyphosphate [ 68333799 | L [ L [ L [ L [ L [ o [ L9 ] L | v [ [l | v | L

Antimony Trioxide® | 1309644 | L [ " [ m [ L[] n ] L[ wv ] H] | W[ L

Magnesium Hydroxide | 1309-42-8 | L | L | L | L | L | L | L | L | | | L | L | L | HR | L

Red Phosphorus [ 7723140 [ LM o] Lo ] | vl o[ v | L

Zinc Borate | 1332076 | L[ L[ H M [ wmM][Hu L | L] L[]l | R | L

“Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that may
partition to sediment and particulates.
! This compound is included in the ongoing EPA Work Plan evaluation for Antimony Trioxide.
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1 Introduction

1.1 Background

As part of its effort to enhance the Agency’s current chemicals management program, U.S.
Environmental Protection Agency (EPA) has taken steps to identify chemicals that may pose
environmental and health concerns; in 2009-2011 EPA developed action plans to investigate
potential regulatory and voluntary actions. In December 2009, EPA released the Polybrominated
Diphenyl Ethers (PBDEs) Action Plan® that summarizes hazard, exposure, and use information
for three commercial PBDE mixtures, including decabromodiphenyl ether (decaBDE). DecaBDE
is a flame retardant used in a variety of applications, including textiles, plastics, wiring
insulation, and building and construction materials.

As described in the Action Plan, EPA’s Design for the Environment (DfE) Program initiated this
multi-stakeholder partnership alternatives assessment: Flame Retardant Alternatives for
Decabromodiphenyl Ether (decaBDE). DfE’s partnerships provide a basis for informed decision-
making by developing an in-depth comparison of potential human health and environmental
impacts of chemical alternatives. The DfE Alternatives Assessment reports provide information
of interest to a number of stakeholder groups interested in chemical hazards. As part of the
partnership on flame retardant alternatives to decaBDE, representatives from industry, academia,
federal and state governments, and non-governmental organizations (NGOs) engaged with DfE
to select and evaluate flame retardant alternatives to decaBDE and develop this report. This
report is intended to provide information that will enable the selection of safer alternatives to
decaBDE, for a variety of products.

DecaBDE has been used at high volume in a broad range of products, but is now being phased
out in the U.S. by its manufacturers (U.S. EPA 2010a). The process leading to the phase-out
began with EPA’s Voluntary Children’s Chemical Evaluation Program (VCCEP)2 The VCCEP
developed industry-sponsored screening level risk assessments for pentaBDE, octaBDE, and
decaBDE to evaluate the potential risks to children and prospective parents from potential PBDE
exposures (U.S. EPA 2009a). In August 2005, EPA released its Data Needs Decision documents
on PBDEs (U.S. EPA 2009a). For decaBDE, EPA indicated a need to further understand fate and
transport of decaBDE in the environment, particularly with respect to the significance of its
breakdown products, as this could relate to its risk characterization (U.S. EPA 2005). The
decaBDE data needs were not met by the VCCEP sponsors and decaBDE was subsequently
terminated from the VCCEP program (U.S. EPA 2009a). EPA then announced its intention to
proceed with a test rule under Toxic Substances Control Act (TSCA) section 4 (U.S. EPA
2009a). Before a test rule was proposed, the main manufacturers or importers volunteered to
phase out manufacture, import and sales of decaBDE (U.S. EPA 2009a).

The use of decaBDE was restricted in particular electrical and electronic equipment under the
European Union Restriction of Hazardous Substances Directive, with some exemptions (Council

! The Polybrominated Diphenyl Ethers (PBDEs) Action Plan is available online at:
http://www.epa.gov/opptintr/existingchemicals/pubs/pbdes_ap 2009 1230 final.pdf
2 Information on VVCCEP is available at: http://www.epa.gov/oppt/vceep.
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of the European Union 2003; Council of the European Union 2011). Additionally, in the U.S.,
the states of Maine, Maryland, Oregon, Vermont, and Washington have imposed restrictions on
the manufacture and/or use of decaBDE in certain applications (Washington 2006; Oregon
Legislative Assembly 2009; Vermont 2009; Maine 2010; Maryland 2010). Some additional
states have proposed legislation restricting the manufacture and/or use of decaBDE; up-to-date
information on state regulations can be found in the U.S. State-level Chemicals Policy Database
maintained by the Lowell Center for Sustainable Production:
http://www.chemicalspolicy.org/chemicalspolicy.us.state.database.php (Lowell Center for
Sustainable Production: University of Massachusetts Lowell 2012). In the private sector, the
retailer Wal-Mart has reported that they banned the purchase of all consumer products containing
PBDEs, including decaBDE, from their suppliers (Layton 2011).

DecaBDE is effective in meeting fire safety standards for plastics and textiles that are used for
the manufacture of consumer electronics, appliances, wire and cable insulation, building
materials (flooring, wall coverings, and roofing), seating, electronics and paneling for cars, buses
and airplanes, and storage and distribution products including plastic shipping pallets. Few
potential alternatives to decaBDE are “drop-in” replacements (those that require negligible
process changes). Use of alternatives may necessitate additional changes in product formulation
or movement to different classes of polymers. As companies that have been using decaBDE in
their products prepare for the phase out, this alternatives assessment will be an important
resource. The information will help reduce the potential for the unintended consequences that
could result if functional, but poorly understood alternatives are chosen.

This alternatives assessment evaluated flame retardant alternatives judged by knowledgeable
stakeholders® as most likely to be used in applications that previously had been filled by
decaBDE. This report did not evaluate efficacy of these alternatives in regards to specific
materials, product applications or related standards; stakeholders provided professional judgment
about whether chemicals are likely to meet flammability tests in various uses. The alternatives
included in this assessment are potentially viable* and functional but not necessarily preferable.
Selection of a chemical for evaluation in the report does not denote preferability in terms of
environmental or health hazard, or any other metric. Rather, the report provides information that
will help decision makers consider environmental and human health profiles for available
alternatives, so that they can choose the safest possible functional alternative. This information
focuses on the potential hazard associated with a particular chemical. This report also presents
general information on exposures to flame retardants, life-cycle considerations, and economic,
performance, and social factors. The report provides information that will enable informed
selection of alternative flame retardants to decaBDE.

Assessments of alternatives to decaBDE have been conducted by several organizations in the
past, including the Swedish Chemicals Inspectorate, European Commission, Danish Ministry of

® In particular, chemists and engineers at ADEKA Corporation, Albemarle, Amfine Chemical Corporation, BASF,
Boeing, Clariant, Eagle Performance Products, FRX Polymers®, Inc., Great Lakes Chemical — A Chemtura
Company, PolyOne, TSG Finishing, University of Dayton ICL Industrial Products, University of Dayton Research
Institute, and University of Massachusetts — Lowell.

*Viability refers to the functional performance of a chemical as a flame retardant in certain plastics, not the
environmental preferability of the chemical.
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the Environment, State of Illinois, State of Washington, Clean Production Action, and the
University of Massachusetts at Lowell (Pure Strategies Inc. for the Lowell Center for Sustainable
Production 2005; Illinois Environmental Protection Agency 2006; Clean Production Action
2007; Danish Ministry of the Environment 2007; European Chemicals Bureau 2007; Washington
State Department of Health 2008; Pure Strategies Inc. for Maine Department of Environmental
Protection 2010). These assessments looked at decaBDE in a range of applications including
television enclosures, other electrical and electronic equipment, textiles, residential upholstered
furniture and plastics. A few of the studies acknowledged a lack of key information on a number
of chemicals, which prevented them from conducting a full hazard assessment of the potential
alternatives. In this alternatives assessment report, DfE filled gaps with modeled data estimations
and expert judgment, and included assessment of new-to-market decaBDE alternatives.

1.2 Purpose of the Flame-Retardant Alternatives Assessment

The purpose of this alternatives assessment is to identify potentially functional and viable
alternatives for decaBDE, evaluate their human health and environmental profiles, and inform
decision makers in order for organizations to choose safer alternatives to decaBDE.

1.3 Scope of the Flame-Retardant Alternatives Assessment

The partnership refined the scope of this assessment from the PBDEs Action Plan with
information supplied by experts in industries that use decaBDE in their products and from
academics, NGOs and government participants. The assessment provides hazard information
(human toxicity, ecotoxicity and environmental fate) on flame retardants that were selected for
evaluation in this report as potentially functional alternatives to decaBDE. While this project is
not designed to recommend specific flame retardants, it does evaluate potential alternatives to
decaBDE that have the potential to be functional and viable in certain applications. Therefore,
this evaluation can support informed substitution and has the potential to identify
environmentally preferable substitutes.

The partnership on flame retardant alternatives to decaBDE is an assessment of hazards of flame
retardant chemicals that are potentially functional and viable® alternatives to decaBDE. These
alternatives have the potential to enable a product to meet relevant flammability standards when
used in one or more of the material classes listed below. These materials include those in which
decaBDE is currently used or was used in the past. Additionally, polycarbonate (PC) and
polycarbonate-acrylonitrile butadiene styrene (PC-ABS) were included because they can be used
with some of the alternative flame retardants. The material types that are most relevant to this
project include:

1. Polyolefins
a. Polypropylene
b. Polyethylene
C. Ethylene vinyl acetate (EVA)

2. Styrenics
a. High-impact polystyrene
b. Acrylonitrile butadiene styrene



3. Engineering thermoplastics
a. Polyesters
i. Polybutylene terephthalate
ii. Polyethylene terephthalate
b. Polyamides, e.g., nylon
C. PC and PC blends, e.g., PC-ABS
d. Polyphenylene ether — high-impact polystyrene

4. Thermosets

a. Unsaturated polyesters
b. Epoxies (electronics, building and aerospace applications)
C. Melamine-based resins

5. Elastomers

a. Ethylene propylene diene monomer rubber
b. Thermoplastic polyurethanes
C. EVA

6. Waterborne emulsions and coatings — including but not limited to those designed for textile
back coatings such as:

a. Acrylic emulsions

b. Polyvinyl chloride emulsions

C. Ethylene vinyl chloride emulsions
d. Urethane emulsions

The scope was outlined in terms of categories of materials rather than specific applications or
end-use products because decaBDE has many varied applications. In this approach, the
partnership intended to provide toxicity and environmental fate information on potential flame
retardant alternatives for product manufacturers who must make substitution decisions, as well as
for other interested or affected parties (e.g., end users, downstream processors).

The alternative flame retardant chemicals®will be evaluated for hazard potential independent of
the materials in which they might be used or incorporated. While the assessment will not attempt
to include comprehensive life cycle assessment (LCA) information, it will, by both inclusion and
by reference, note relevant life-cycle considerations that may aid in the selection of alternatives.
Due to these constraints, this assessment does not provide all of the information that a decision
maker may need to be able to choose an alternative flame retardant.

The report is organized as follows:

> For the purposes of this report, ‘chemicals’ include both discrete substances that can be represented by a definite
structural diagram (such as methane) and reaction mixtures that cannot. Reaction mixtures include those that are
well defined with a few components (such as propylene glycol), mixtures that may be difficult to characterize and/or
are of variable composition (such as polychlorinated biphenyls or Aroclors), and polymers.
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= Chapter 1 (Introduction): This chapter provides background on the Partnership on Flame
Retardant Alternatives to decaBDE project, including the purpose and scope of the
partnership and of this report.

= Chapter 2 (Products and Materials): This chapter describes the products and materials in
which decaBDE has been used, as well as technical information about flammability
standards and other performance criteria.

= Chapter 3 (Background on Flame Retardants): This chapter describes chemical flame
retardants generally, as well as those specific to this assessment.

= Chapter 4 (Evaluation of Flame Retardants): This chapter explains the chemical
assessment method used in this report and summarizes the assessment of hazards
associated with each flame retardant chemical.

= Chapter 5 (General Exposure Information and Life Cycle Considerations): This chapter
includes potential exposure pathways associated with flame retardants along each stage
of their life-cycle and resources for life cycle impact information that decision makers
may need.

= Chapter 6 (Considerations for Selecting Flame Retardants): This chapter summarizes the
results of the assessment and identifies human health, environmental, economic,
performance and social considerations for selecting alternative flame retardants.

1.4 Chemical Alternatives Assessment as a Risk Management Tool

Among other actions, the Agency chose to conduct an alternatives assessment as a suitable risk
management tool for decaBDE in the PBDESs Action Plan. The Agency chose this tool to inform
the chemical substitution that may occur as an outcome of other activities described in the Action
Plan. Chemical alternatives assessments provide information on the environmental and human
health profiles of chemicals that may be used as substitutes so that industry and other
stakeholders can use this information, in combination with analyses of cost, performance, and
other factors to choose alternatives.

Chemical alternatives assessment, LCA, and risk assessment are all tools that can be used to
improve the sustainability profiles of chemicals and products. These tools, which can be
complementary, should be selected according to the ultimate action they are intended to support
and other regulatory and policy considerations. DfE alternatives assessments establish a
foundation that other tools, such as risk assessment and LCA, can build upon.

The focus of this DfE alternatives assessment report is a comparative hazard assessment of the
chemical alternatives that may be substituted for decaBDE in a variety of uses. Comparative
chemical hazard assessment is a comparison of chemicals within the same functional use group
(e.q., solvent, surfactant, flame retardant, ink developer) that evaluates alternatives across a
consistent and comprehensive set of hazard endpoints. Information about chemical hazards
derived from this type of comparative chemical hazard assessment can be used by decision-



makers, in combination with other inputs, such as information on cost and performance, to select
safer alternative chemicals.

In many cases, the hazard status of chemicals included in DfE Alternatives Assessments is not
fully characterized by empirical data. A full data set would improve any assessment.
Unfortunately, a full empirical data set is not available for most chemicals. Because EPA
authority to require data is limited (e.g., EPA has no minimum measured data requirements for
new chemicals (U.S. EPA 2009b; U.S. EPA 2010b)) and because developing such data is
expensive and takes time, EPA has developed a suite of predictive modeling tools to estimate
chemical hazard (U.S. EPA 2010b). EPA uses modeled data and subject matter expertise to fill
data gaps for the TSCA new chemicals program when little or no experimental data are
submitted. Although modeled data should be interpreted with care, when combined with
available empirical data, the data set comprises the best available information. Even with a
reliance on modeled data for some endpoints information from DfE Alternatives Assessment can
support decision making concerning safer alternative chemicals.

Risk assessment and alternatives assessment are both based on the premise that risk is a function
of hazard and exposure. Risk assessment characterizes the nature and magnitude of hazard and
exposure from chemical contaminants and other stressors. The DfE alternatives assessment
evaluates and compares the nature of the chemical hazards and reflects a view that when
exposure is comparable, risk is reduced through the use of less hazardous chemicals. Alternatives
assessment strives to decrease the reliance on exposure controls thus reducing risk even when
exposure controls fail.

Chemical alternatives assessment differs substantially from LCA. An LCA can present a robust
picture of many environmental impacts associated with the material and energy inputs and
outputs throughout the life cycle of a product, and by doing so can identify opportunities for
reducing those impacts. However, unlike chemical alternatives assessment, LCA typically
provides a limited (if any) review of inherent toxicity.

DfE’s ‘functional use’ approach to alternatives assessment orients chemical evaluations within a
given product type and functionality. Under this approach, factors related to exposure scenarios,
such as physical form and route of exposure, can be constant within a given functional use
analysis and will fall out of the comparison so that a reduction in hazard is a reduction of risk.
When less hazardous alternatives have different physical-chemical profiles or require different
use levels, it may be appropriate to also conduct an exposure assessment. DfE alternatives
assessments consider intrinsic properties of chemical substitutes that affect exposure potential,
including absorption potential, persistence, and bioaccumulation. Under this approach, the health
and environmental hazard profiles in the alternatives assessments become the key variable and
source of distinguishing characteristics. Information on key properties that can be used to
evaluate significant differences in environmental fate and transport, including persistence,
bioaccumulation, and physical properties, are included in Chapters 4 and 5.

Chemical alternatives assessment is most useful in identifying safer substitutes when available
alternatives meet performance requirements and are expected to present lower hazards for human
health and the environment. This report relied on literature review and expert stakeholders to



select the chemicals now included in this report. These chemicals were chosen as likely, but not
necessarily proven, functional alternatives. While their performance in specific products must be
verified, the information in Table 3-2 of this report on functionality is, at a minimum, a good
start to understanding which alternatives might be valuable for a given functional use. Although
the information in Table 3-2 does provide useful information, performance and efficacy of the
alternatives are not the primary focus of this report. Product manufacturers transitioning to new
flame retardants may have to test a number of chemicals or chemical combinations to determine
if they meet performance requirements in final products. During decision-making, risk
assessment or LCA could be applied to the lower-hazard or potentially preferable alternatives to
complement the alternatives assessment findings. Alternatives assessment can identify scenarios
in which initial comparisons indicate that there may be no preferable alternatives to the chemical
being considered. However, this can guide innovation and product development by
understanding the characteristics of a safer alternative.

The DfE chemical alternatives assessment approach is aligned with green chemistry principles®.
Two of those principles are especially noteworthy:
= Principle 4: Design of safer chemicals — “Chemical products should be designed to effect
their desired function while minimizing their toxicity,” and

= Principle 10: Design for degradability — “Chemical products should be designed so that at
the end of their function they break down into innocuous degradation products and do not
persist in the environment.”
DfE incorporates these two green chemistry principles in its criteria and applies them in its
assessment of chemical hazard and fate in the environment. This approach enables identification
of safer substitutes that emphasize greener chemistry and points the way to innovation in safer
chemical design where hazard becomes a part of a performance evaluation.

® http://www.epa.gov/sciencematters/june2011/principles.htm
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2 Products and Materials

Decabromodiphenyl ether (decaBDE) is used for fire safety in a broad range of plastics and
polymers with product applications in diverse sectors. Presented below are the categories of

materials (Section 2.1) and sectors and products (Section 2.2) for which decaBDE has been or is
currently used. Flammability standards relevant for products containing decaBDE are discussed

briefly at the end of the chapter (Section 2.3).

2.1 Materials Outlined in the Scope

The materials included in this section are those in which decaBDE is currently or was used in the

past across the globe. Additionally, polycarbonate (PC) and polycarbonate-acrylonitrile
butadiene styrene (PC-ABS) were included because they can be used with some of the

alternative flame retardants. These materials are polymers, made up of chains of repeating

monomer units. Table 2-1 displays end-uses by polymer group, each of which may contain

several different polymers. A key characteristic of these polymers is whether or not they can be
reprocessed and therefore this is touched on in each section. The end-use products and sectors for

these materials are discussed in Section 2.2. DecaBDE may not be used in all polymer/end-use

application combinations; those relevant to decaBDE are noted in Section 2.2.

Table 2-1: Summary of Polymers and Their End-Use Application

End-Use Applications
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L Includes acrylic, polyvinyl chloride (PVC), ethylene vinyl chloride, and urethane emulsions
Source: Personal communication with members of the partnership




2.1.1 Polyolefins

There are a variety of polyolefins but only three in which decaBDE is commonly used:
polypropylene (PP), which has the molecular formula (MF) (CsHe)n; polyethylene (PE), which
has the MF (C2Ha),; and ethylene vinyl acetate (EVA)’, which is a copolymer of ethylene and
vinyl acetate, (C2H4)m (C4HsO2), (Mark 2009). Polyolefins are polymers with single carbon
bonds, but are derived from hydrocarbons with carbon-carbon double bonds (e.g., ethylene). The
basic repeating unit has the MF (C,Hz,). Polyolefins can soften and eventually melt upon
heating. As a result, they can be reprocessed which allows them to be remolded repeatedly
(Harper and Modern Plastics 2000; Rex 2011). Polyolefin materials can be flexible and are used
for applications such as garbage bags, undergarments for wet suits, foam shoes, seat cushions,
arm rests, shrink film, and other products (Mark 2009). Additional important polyolefins
applications include wire and cable, electrical connectors, battery casings, foamed sheets and
pipes for thermal insulations.

2.1.2 Styrenics

Styrenics are based on styrene monomers, also known as vinyl benzene, which consist of a
phenyl group attached to a two-carbon chain, CH,=CH(CgsHs). There are several different types
of styrene plastics, two of which can contain decaBDE: high-impact polystyrene (HIPS) and
acrylonitrile butadiene styrene (ABS). Polystyrene (PS) and styrene copolymers tend to be
brittle, so rubber particles are added to increase impact resistance (Howe-Grant 1997a; Rex
2011). Like polyolefins, styrenics can soften and eventually melt upon heating. As a result, they
can also be reprocessed which allows them to be remolded repeatedly (Harper and Modern
Plastics 2000; Rex 2011). The following descriptions provide an overview of each material and
its general application.

HIPS. HIPS is produced by combining PS with rubber particles, which gives it the
mechanical properties that make it suitable for use in durable molded items. Its historical
use in television casings is a well-known example (Harper and Modern Plastics 2000).

ABS. ABS is a mixture of acrylonitrile, butadiene, and styrene. In general, ABS is widely
used in the casing of equipment for telephones, televisions, and computers (Harper and
Modern Plastics 2000).

2.1.3 Engineering Thermoplastics

Engineering thermoplastics are materials that are typically not cross-linked, can soften and
eventually melt upon heating, and have high levels of mechanical and thermal performance in
molded goods when compared to commaodity thermoplastics (e.g., PP, PE, HIPS, etc.). As a
result, thermoplastics can be reprocessed (Harper and Modern Plastics 2000). This property of
thermoplastics allows them to be remolded repeatedly. There are several types of engineering
thermoplastics in which decaBDE can be used, including polyester, polyamide (PA), PC, and

"EVA is a copolymer of ethylene (an olefin) and vinyl acetate, therefore it is considered to be a polyolefin.
However, EVA also has elastomeric properties. For this reason, this report classifies EVA as both a polyolefin and
an elastomer. For further discussion on EVA, see Section 2.1.5 on elastomers.
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polyethylene ether — high-impact polystyrene (PPE-HIPS). The following descriptions provide
an overview of each material and their general applications.

Polyesters. Polyesters (see Figure 2-1) are a broad class of thermoplastics characterized
by an ester linkage. Within this class, decaBDE can be used in polybutylene terephthalate
(PBT) and polyethylene terephthalate (PET). The only structural difference between PBT
and PET is the presence of four methylene repeat units in each PBT repeat unit rather
than the two present in each PET repeat unit. PBT has numerous automotive applications
such as the exterior as well as connectors for under-the-hood electronic controls. Another
major use of PBT is in glass-reinforced grades that are often in switches and connectors
for electrical equipment. PET has many commercial applications in injection moldings,
blow-molded bottles, and films (Harper and Modern Plastics 2000). Polyesters are also
used in commercial and domestic carpeting and textile fibers.

Figure 2-1: Chemical Structure of Polyester
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PAs. PAs (see Figure 2-2), also referred to as nylons, are characterized by amide groups
along the polymer backbones. There are several types of PAs, the majority of which are
used in injection molding applications in information technologies and the transportation
industry, mostly for automobiles. PAs are used in automobile exteriors (e.g., wheel
covers and handles), interiors (e.g., chair and seat belt mechanisms and light housings),
under-the-hood applications, and commercial and domestic carpeting and textile fibers
(Howe-Grant 1997d). Glass-reinforced grades also use PAs in electrical switches and

connectors.
Figure 2-2: Chemical Structure of PA and
Nylon
0 0
S s S
PA Nylon

PCs. PCs (see Figure 2-3) contain a carbonate group and have an excellent combination
of mechanical properties, which make them ideal for a variety of applications. PC is a
good choice for applications requiring higher use temperatures, lower flammability, and
greater impact strength, assuming that the application can afford the higher cost of PC.
They are commonly used to manufacture roofing panels, windows for aircraft, trains, and
schools, and to make automotive components, such as headlamps and bumpers.
Additionally, PC is used to make plastic bottles, CDs & DVDs, electrical equipment,
especially connectors, and motorcycle and football helmets. PC is also commonly
blended with other materials, such as ABS, to achieve lower cost and improved
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properties (Howe-Grant 1997e). For example, sometimes PC is added to polymers to
impart improved thermal deflection properties. PC-ABS blends are used for equipment
housing and structural parts that require high levels of stiffness, gloss, and impact
resistance (Weil and Levchik 2009).

Figure 2-3: Chemical Structure of PC
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PPE-HIPS. PPE-HIPS, a polymer blend, imparts a higher heat resistance compared to PS.
PPE-HIPS is commonly used for dishwashers, washing machines, hair dryers, cameras,
instrument housings, and in television accessories (Harper and Modern Plastics 2000).

2.1.4 Thermosets

Thermosets (also referred to as ‘thermoset plastics’) undergo an irreversible chemical cross-
linking reaction upon curing. Unlike styrenics, polyolefins and thermoplastics, thermosets cannot
be reprocessed once they cure/polymerize; they are insoluble in most solvents and can only be
broken up by breaking chemical bonds (Mark 2009). While the inability to reprocess thermosets
presents some drawbacks, it also gives thermoset plastics enhanced properties that are
maintained in extreme conditions (Harper and Modern Plastics 2000). There are several types of
thermosets in which decaBDE can be used, including unsaturated polyesters (UPES), epoxies,
and melamine-based resins. The following descriptions provide an overview of each material and
their general applications.

UPE. UPEs are produced from maleic anhydrides and alcohols, and are used to produce
molding compounds. UPEs contain an unsaturated diacid (typically maleic acid or
fumaric acid) which can be cross-linked during the curing process; additionally a reactive
solvent/monomer is also added before curing (American Composites Manufacturers
Association 2004). Other acids and alcohols are added for desired chemical properties.
Typical applications include automotive and building components, commercial
connectors, and various household articles (Harper and Modern Plastics 2000; Troitzsch
2004).

Epoxies. Epoxies are co-polymers formed from the reaction of two chemicals: a resin that
consists of a short chain polymer with epoxy groupings at either end and a hardening or
cross linking agent. The reaction forms a three-dimensional lattice. These epoxies have
excellent adhesion properties as well as chemical and heat resistance. As a result, they
can be used in thermal insulation as well as in electronics (Mark 2009). Epoxies are used
broadly, from high-performance military to commodity commercial applications, such as
connectors, relays, printed circuit boards, switches, coils, aircraft skins, and satellite parts
(Harper and Modern Plastics 2000).



Melamine-Based Resins. Melamine-based resins are a type of amino resin made by
combining melamine (C3HgNg) with formaldehyde (CH,0O). Melamine-based resins are
used as textile-finishing materials to provide wash-and-wear properties to cellulosic
fabrics (Howe-Grant 1997b).

2.1.5 Elastomers

Elastomers are rubberlike materials that can recover their original shape after being stretched or
compressed (Howe-Grant 1997c). There are three types of elastomers in which decaBDE can be
used: (1) ethylene propylene diene monomer (EPDM) rubber, (2) thermoplastic polyurethanes
(TPUs), and (3) EVA®. The following descriptions provide an overview of each material and
their general applications.

EPDM. EPDM (see Figure 2-4) is a copolymer of ethylene, propylene, and a diene, and is
mainly used in automotive applications as radiator hoses and seals; in building and
construction as roofing membranes and pond liners; in cable and wire as insulation and
jacketing; and in appliances as molded components (Howe-Grant 1997c; Ciesielski
2000).

Figure 2-4: Chemical Structure of EPDM Polymer
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Note: “a” is small compared to “b” and “c”.

TPUs. TPUs contain carbamate groups, also referred to as urethane groups, in their
backbone structure (Howe-Grant 1997f). The mechanical properties of TPUs fall between
rubber polymers and thermoplastics, and they are made into products through injection or
extrusion. TPUs have a variety of uses in automobiles, as well as in medical equipment,
wire and cable, and other applications (Randall 2010).

8 EVA is a copolymer of ethylene (an olefin) and vinyl acetate, therefore it is considered to be a polyolefin.
However, EVA also has elastomeric properties. For this reason, this report classifies EVA as both a polyolefin and
an elastomer.



EVA. EVA (see Figure 2-5) is typically used in ‘hot-melt’ formulations. EVA based hot-
melts have various applications, such as packaging, bookbinding and labeling
(SpecialChem 2011).

Figure 2-5: Chemical Structure of EVA
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2.1.6 Waterborne Emulsions and Coatings

There are three types of waterborne emulsions and coatings in which decaBDE can be used:
acrylic, PVC and ethylene vinyl chloride, and urethane. The following descriptions provide an
overview of each material and their general applications.

Acrylic. Acrylic emulsions are aqueous, anionic, emulsion-polymerized dispersions of acrylate
copolymers. According to a manufacturer website, acrylic emulsions are used for their heat
sealability, resistance to heat and light discoloration, good initial color and clarity, and overall
durability (Lubrizol 2011). Acrylic emulsions may fade over time, depending on the quality of
the colorants or pigments used (Jones 2004; Friddle 2011). Acrylic emulsions span a wide range
of polymer and end-use properties. While acrylic emulsions are frequently used in nonwoven and
paper saturation applications, many are equally applicable for paint and coatings applications.
These formulations can be molded into very soft, flexible coatings or very hard, stiff coatings
(Friddle 2011).

PVC and Ethylene Vinyl Chloride. Vinyl chloride emulsions are aqueous anionic dispersions of
vinyl chloride and copolymers. These emulsions are primarily designed for coating,
impregnation and saturation of fibrous materials such as paper, nonwovens and textiles. Their
heat reactive nature poses excellent adhesion to various substrates, and they are commonly used
in wall covering and resilient flooring (Friddle 2011).

Vinyl chloride polymers are used in textile coatings, nonwovens, paper, paints, and graphic arts
applications. Ethylene vinyl chloride polymers are used in a variety of adhesive applications,
such as paper packaging, wood bonding, furniture, book binding, wall and ceiling coverings,
flooring, consumer glues, and film laminates (Friddle 2011).

Urethane. Polyurethanes (see Figure 2-6) are the most well-known polymers used to make
foams, though they can also be elastomers. Polyurethane materials are commonly formulated as
paints or finishing coats to protect or seal wood and textiles (Friddle 2011).



Figure 2-6: Chemical Structure of Polyurethane

2.2 Uses of decaBDE

The purpose of this section is to highlight the various uses of decaBDE. The profile of industries
and products using decaBDE has changed in recent years, mainly due to changing international
and state-based regulations. Segmentation of decaBDE uses by weight in the U.S. is suggested to
be 26 percent for textiles, 26 percent for automotive/transportation, 26 percent for building and
construction, 13 percent for electrical and electronic equipment, and 9 percent for other uses
(Levchik 2010). This data does not include imports of manufactured goods into the U.S. At the
time of publication of this report, this data was the most conclusive information located in light
of the shifting landscape of decaBDE uses in certain industries and products. For information on
exposure to flame retardants due to the use of these products, see Chapter 5. The uses of
decaBDE outlined in this chapter are global uses, however, in regards to any regulatory statutes
which require the use of flame retardants in this report, these are more U.S. based unless
otherwise stated.

Many electronics manufacturers have moved away from using decaBDE in HIPS, especially in
Europe, where the Restriction of Hazardous Substances (RoHS) Directive has banned the use of
decaBDE in electronics with certain exemptions (Council of the European Union 2003;
Washington State Department of Health 2008; Council of the European Union 2011). A use
profile of decaBDE for the years prior to RoHS was not available when this report was compiled.
However, in 2003 it was estimated that 80 percent of decaBDE was used in electronics (which
included television enclosures, central processing unit housing and wire and cable) and 10 to 20
percent of decaBDE was used in textiles (which included upholstered furniture and automotive
upholstery) (Hardy 2003). Additionally, although HIPS containing decaBDE was once used in
office machines such as printers, copiers, and fax machines, these products are now made using
other types of plastics that do not contain decaBDE (Pure Strategies Inc. for Maine Department
of Environmental Protection 2010). To the best of our knowledge decaBDE was not used in
mattresses or polyurethane foam for furniture, but can be used in textile back-coatings for
furniture (Trainer 2010). For further information on flame retardants for polyurethane foam, refer
to the Profiles of Chemical Flame-Retardant Alternatives for Low-Density Polyurethane Foam
report (U.S. EPA 2005).



2.2.1 Electrical and Electronic Equipment

2007

Box 2-1 DecaBDE is, or has been, used in the
following electric and electronic applications:

Housings and internal components of TVs
Mobile phones and fax machines

Audio and video equipment

Remote controls

Communications cables

Capacitor films

Building cables

Wire and cable, e.g., heat shrinkable tubes
Connectors in electrical and electronic
equipment

Circuit breakers

Coils of bobbins (i.e., for use in
transformers)

Printing and photocopy machine
components — e.g., plastic housing for
toner cartridges

Scanner components

Source: Bromine Science and Environmental Forum

Historically, most decaBDE was used in
electrical and electronic equipment in plastic
casings, wire and cable and small electrical
components to meet fire safety standards
(see Table 2-2). The main use of decaBDE
was in the front and back panels of
televisions made of HIPS (Levchik 2010).
Additionally, decaBDE was often used in
electronic connectors made from glass-filled
PBT or nylons (Levchik 2010). With the
European RoHS Directive, many global
companies have phased out decaBDE in
these uses.

Despite this transition, decaBDE is still used
in a variety of electronic equipment
including household appliances and tools
such as vacuum cleaners (in both the casings
and internal components) and washing
machines (internal components only)
because the markets for these products are

more domestic than global and European Union regulations have not impacted the use of
decaBDE in these products as significantly (Levchik 2010). In these appliances, the housings are
typically made from PP, HIPS or ABS.

Another use of decaBDE is in small electrical parts, such as light sockets or decorative lights
(e.g., Christmas lights), and wires and cables. These products are usually made from high density
PE, PP or PPE (Levchik 2010). DecaBDE is also used in the plastics PBT and PA, which are
found in electrical, automotive, and plumbing parts such as housings, switches and other small
inner parts of larger electrical equipment (Weil and Levchik 2009). DecaBDE is also commonly
used in electrical components of cars and airplanes, which will be discussed in Section 2.2.4.



2.2.2 Textiles

Another major use of decaBDE is in textiles.

Flame retardants are applied to textiles in order to
meet required flammability standards (see Table

2-2). They are often applied to the back of a
fabric as part of a coating that also contains
antimony trioxide in an acrylic or EVA

copolymer (Pure Strategies Inc. for the Lowell

Center for Sustainable Production 2005).

The uses of decaBDE in textiles for the

automotive and aviation sectors are discussed in
more detail in Section 2.2.4. DecaBDE is not

used in consumer clothing (e.g., children’s
pajamas) (Pure Strategies Inc. for the Lowell

Center for Sustainable Production 2005) or in
residential carpet (Levchik 2010). Residential
carpet is mainly flame retarded by addition of

aluminium hydroxide to the back coating.
Children’s pajamas often meet flammability

standards without the use of flame retardants.

Box 2-2 DecaBDE is or has been used in the
following textile applications:
o Transportation
= Public transit busses

=  Trains
= Airplanes
= Ships

o Public occupancy spaces
= Draperies of theatres, hotels,
conference rooms, student
dormitories
o High-risk occupancy areas
= Furniture of nursing homes,
hospitals, prisons, hotels

o Military
= Tarps
= Tents

= Protective clothing
Source: Bromine Science and Environmental
Forum 2007

This is because children’s pajamas need to pass the Consumer Product Safety Commission
(CPSC) ignition test (three seconds of flame exposure), which can be passed by synthetic fabrics
without addition of any flame retardant (Levchik 2010).

Box 2-3 DecaBDE is used in the following

building and construction applications:
=  Pipes

Lamp holders

Stadium seats

Reinforced plastics

Switches and connectors

Facing laminates for insulation panel

Film for use under the roof and to

protect building areas

Electrical ducts and fittings

= Components in analytical equipment in
industrial

= Medical laboratories

= Air ducts for ventilation systems

= Pillars for telephone and
communication cables

Source: Bromine Science and Environmental Forum
2007

2.2.3 Building and Construction

DecaBDE is used in wall and roof panels, which
are typically made from UPE glass composites;
floor tiles; and commercial grade carpeting.
DecaBDE is also used in insulation materials,
foamed polyolefins, and in roofing materials
such as membranes and films for use under roofs
to protect building areas. DecaBDE can also be
found in ducting elements such as the duct
covering or insulation.



2.2.4 Transportation

In automobiles, decaBDE is added to plastics used to house and insulate electrical and electronic

equipment under the hood. There are no broad federal fire safety standards or regulations for

these applications; safety standards are established by each manufacturer. Interior materials, such

as cushioning and fabric must meet the Federal Motor Vehicle Safety Standard (FMVSS) No.
302 (U.S. Department of Transportation and National Highway Traffic Safety Administration
1972; Levchik 2010). DecaBDE may also be used in parts of the heating, ventilation, and air

conditioning system close to or in contact with electrical parts (Levchik 2010).

In aircraft, decaBDE is used in electrical and electronic equipment (Levchik 2010), and interior
components. Materials used on aircraft must meet Federal Aviation Administration (FAA)

Technical Standard Orders (FAA 2010).

DecaBDE was likely also used in electronic parts for trains, ships, and elsewhere in the
transportation industry for which there was not direct stakeholder representation in the

partnership.

Box 2-4: DecaBDE is used in the following
aviation and automotive applications

Aviation uses:

o Electrical wiring and cables

o Interior components

o Electric & electronic equipment

= Navigation and
telecommunications equipment
= Computers and computer

devices
Audio and video equipment
Electrical connectors
Galley appliances
Housings and internal
components of entertainment
units
Remote controls
Communications cables
Capacitor films
Cables
Circuit breakers
Cartridges and connectors
Air ducts for ventilation systems
Electrical ducts and fittings
Switches and connectors

Automotive uses:
o Electrical & electronic equipment
=  Battery cases
Battery trays
Engine controls
Electrical connectors
Components of radio, disk, GPS
and computer systems
o Reinforced plastics
= Instrument panels
= [Interior trim
o Under hood and internal parts
=  Terminal/fuse block
= Higher amperage wire and cable
jacketing (ignition wires)
o Fabric back coating

= Rear deck
= Upholstery
= Sun visor
=  Head rest
= Trim panel

Source: Bromine Science and Environmental Forum
2006; Baker 2011
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2.2.5 Storage and Distribution Products

There are approximately three billion shipping pallets in use in the U.S., of which over 900
million are plastic (Pure Strategies Inc. for Maine Department of Environmental Protection
2010). According to the National Fire Protection Association (NFPA), plastic pallets that have
not been treated with flame retardants are considered a greater fire hazard than wooden pallets.
Plastic pallets are typically made of polyolefins, which are very combustible if they are not flame
retarded.

Additionally, the International Fire Code (IFC), a widely adopted fire code but separate from the
NFPA, requires plastic pallets be protected by an approved specialized engineered fire protection
system unless they meet Underwriters Laboratory (UL) 2335 standards (see Table 2-2). Even
though wood ignites at a lower temperature than plastic, once a fire begins, plastic burns at a
higher temperature, and thus releases more heat (Pure Strategies Inc. for Maine Department of
Environmental Protection 2010). NFPA 13 and IFC provide the basis for all state and local fire
prevention laws and regulations governing warehouse construction and management throughout
the country (Pure Strategies Inc. for Maine Department of Environmental Protection 2010).

To comply with fire standard NFPA 13, plastic pallets must comply with one of the two
following options: (1) users must implement systems such as pallet storage management
practices (e.g., how high the pallets are stacked and how close together stacks of pallets are) or
sprinkler systems in warehouses that make it as safe as wooden pallets to use non-flame retarded
plastic pallets, or (2) the pallets must pass tests consistent with American National Standards
Institute/Factory Mutual (FM) 4996 (see Table 2-2) that demonstrate that the fire hazard of the
plastic pallet or other material handling product is less than or equal to the fire hazard of a
wooden pallet (FM Approvals 2013). In order to meet the fire code specifications, flame
retardants, often decaBDE, are integrated into plastic pallets to reduce the pallet’s fire hazard
(Levchik 2010; Pure Strategies Inc. for Maine Department of Environmental Protection 2010).

2.3 Flammability Tests

DecaBDE is used as a flame retardant in certain products in the U.S. either because of state or
federal fire safety standards or for insurance purposes. Rather than specifying what flame
retardants should be used, such standards specify the performance standards a product must meet
under fire stress (Posner and Boras 2005). The stringency of the standard varies depending on the
application (e.g., flammability requirements established for aircraft are much more stringent than
those for clothing). Furthermore, decaBDE is sometimes added to products even without
manufacturer requirements due to concerns for brand image and market pressure (lllinois
Environmental Protection Agency 2007). Flammability standards may be developed by a variety
of entities, including regulatory agencies such as the CPSC, or companies such as UL.

Table 2-2 provides a brief overview of the flammability tests required for a variety of products in

which decaBDE is used. This list is not comprehensive but does address many of the standards
which lead to the use of decaBDE in the sectors discussed above.
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Table 2-2: Summary of Flammability Tests Relevant to decaBDE Uses.

Sectors and Products that Use

Test Test Description
Electrical and Electronic Assesses resistance to ignition from small internal (short
UL 94 : . . circuit) or external (candle) ignition source. Small scale
Equipment: electronic enclosures | . =~ ;
ignition resistance test.
Electrical and Electronic
UL 746 pt C | Equipment: plastics in electronics | Based on UL 94.
and electrical parts
. . Assesses the propagation of a flame beyond the area exposed
Textiles: public occupancy o . !
i : to the ignition source. A burner flame is applied for 45
spaces: e.g., draperies of theatres, .
NFPA 701 hotels. conference rooms. student seconds. To pass the test an average weight loss for ten
o ’ specimens must be less than forty percent and fallen fragments
dormitories
should not burn more than two seconds.
Uses a full scale piece of furniture or mock up. Designed as a
California Textiles: high risk occupancy screening test. The fabric is exposed to a 1.5 inch methane
Technical areas: e.g., furniture of nursing flame for twelve seconds. Drips, burn time and char lengths are
Bulletin 133 | homes, hospitals, prisons, hotels monitored along with temperature, mass lost, smoke and
carbon monoxide.
Building and Construction: Uses 750 Ibs. of wood crib. The test ends when the flame
cing . reaches the structural limits or the crib stops burning. Tested
FM 4880 public occupancy decorative wall : Lo .
material must not support self-propagating fire reaching
and roof panels S
structural limits.
American A . .
: Building and Construction: Assesses the flame spread and smoke index. The tested
Society for - - - e -
. insulation materials, foamed material is mounted on the ceiling of the tunnel. Two gas
Testing and ; : . . ?
: polyolefins, membranes, films burners are applied for ten minutes. The flame spread index
Materials . . . :
sheets, ducting elements, ducts and smoke index are calculated in relation to the flame spread
(ASTM) E- - : ) .
84 covering and insulation and smoke density of red oak panels and concrete.
Building and Construction: Measures the critical radiant flux, which is the minimum heat
ASTM ublic ogccu ancy floor tiles énd flux needed for materials to propagate the flame. The burning
E648-10el Ear otin pancy distance is converted to a critical radiant flux through the
peting known flux distribution along the length of the test sample.
. e Assesses flame spread from cigarettes and matches in the
Automotive and Aviation: car g . : .
- passenger compartment. A 1.5 inch flame is applied for fifteen
FMVSS 302 | seats, headliners, carpets, door - )
seconds and flame travel and its speed on a horizontal
panels, dash panels . .
specimen is recorded.
14 Code of
Federal
Regulations
(CFR) Part
25 Materials and parts must successfully pass test(s) in order to
regulations: | Aviation: flooring, sidewalls, show compliance. Nine different tests are specified in the CFR
baggage compartment, insulation, | and some materials/parts must pass multiple tests. Variations
Sections ducting, interior parts, wiring of configurations require individual testing. For specific details
25.853, on the flammability tests see Appendix F of 14 CFR Part 25.
25.855,
25.856,
25.869,
Appendix F
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Test

Sectors and Products that Use
Test

Description

UL 2335

Shipping Pallets

Assesses the performance of plastic pallets under fire stress.
The goal of this test is to match the performance of plastic
pallets to wood pallets. Six pallet stacks are ignited in the
middle. The time to activate the first and last sprinkler, the
number of sprinklers activated and the temperature at the
ceiling are all recorded. Sprinklers are mounted above the
stacks and are activated at 165°F. To pass the test no more than
six sprinklers can be activated.

FM 4996

Shipping Pallets

This standard sets fire performance requirements for plastic
pallets so that they can be assigned a classification as
equivalent to wood pallets in an effort to determine the demand
on a sprinkler system in the event of a fire. The test consists of
eight stacks of pallets placed in a specified arrangement.
Ignition is provided by four igniters placed at the center of the
array. Water is applied to the test array by a simulated
sprinkler. A calorimeter and water application apparatus
determine the quantities of water need to supress and control
the fire. The performance criteria require that the fire must be
controlled when a water application density of 0.15 gallons per
minute/ft? is applied and that the controlled fire will not
continue to grow within the 10 minute test frame. If the pallets
tested meet or exceed the performance criteria, it is designated
“equivalent to wood.”

Source: FM Approvals 2013; Levchik 2010; Baker 2011
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3 Background on Flame Retardants

This chapter begins with background information on flame retardants, including their
classification (Section 3.1). Section 3.2 presents the flame retardants included in this assessment
and Section 3.3 discusses those which were considered but excluded from the assessment.
Section 3.4 presents the mechanisms by which flame retardants reduce or prevent combustion.

3.1 General Information on Flame Retardants

Flame retardants decrease the ignitability of materials and inhibit the combustion process,
limiting the amount of heat released. The simplest way, in theory, of preventing polymer
combustion is to design the polymer so that it is thermally stable. Thermally stable polymers are
less likely to decompose into combustible gases under heat stress, which prevents combustion
from initiating. Because thermally stable polymers are often difficult and expensive to process
and may have performance limitations, manufacturers use other means, such as flame-retardant
chemicals, to impart flame-retardant properties to polymers.

Flame retardants decrease the likelihood of a fire occurring and/or decrease a range of
undesirable consequences of a fire (Lyons 1970; Cullis and Hirschler 1981). However, in other
instances the incomplete combustion resulting from the use of flame retardants, where oxidation
and/or thermal transfer are inhibited, can produce negative by-products. Carbon monoxide (CO),
a by-product of incomplete combustion, acts as an asphyxiant in poorly-ventilated fire scenarios
and can lead to CO poisoning and death (Nelson 1998; Peck 2011). These by-products are in
addition to the production of other toxic chemicals (e.g., halogenated dioxins and furans)
generated during combustion of materials containing flame retardants.

Fire occurs in three stages: (1) thermal decomposition, where the solid, or condensed phase,
breaks down into gaseous decomposition products as a result of heat; (2) combustion chain
reactions in the gas phase, where thermal decomposition products react with an oxidant (usually
air) and generate more combustion products, which can then propagate the fire and release heat;
and (3) transfer of the heat generated from the combustion process back to the condensed phase
to continue the thermal decomposition process (Hirschler 1992; Beyler and Hirschler 2002).

The basic mechanisms of flame retardancy will vary depending on the flame retardant and
polymer system. Flame retardants can be classified based on the phase (solid or gas) in which
they act to reduce or prevent propagation of flame. Other flame retardants may form protective
barriers over a polymer which may insulate the flammable polymer from heat or reduce the
amount of polymer that is available to burn as fuel. In either state, gaseous or condensed, flame
retardants will act to decrease the release rate of heat (Hirschler 1994), thus reducing the burning
rate, flame spread, and/or smoke generation (Morose 2006). These mechanisms are discussed
further in Section 3.4.

Typically, flame retardants contain one or more of the following elements: chlorine, bromine,
aluminum, boron, nitrogen, phosphorus, or silicon (Lyons 1970; Cullis and Hirschler 1981).
There are a number of alternatives and synergists that are also effective. Some elements, such as
zinc (often used as zinc borate or zinc stannate) and molybdenum (often used as ammonium
molybdates), are effective primarily as smoke suppressants in mixtures of flame retardants. In
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addition, antimony trioxide can serve as an effective synergist in combination with halogenated
flame retardants.

The amount of flame retardant needed to pass a given flammability standard varies due to a
number of factors. In general, the lowest levels of flame retardants are required with bromine-
based chemistries, and higher levels are required when using mineral-type compounds. Ranges
of typical “loading levels” (how much of a flame retardant is added to a material) for common
flame retardants are shown in Table 3-1. Loading levels also depend on the polymers in which
the flame retardant is used. For example, bromine-based flame retardants are used in a wide
variety of products (e.g., polyolefins, styrene, polyamides (PAs), polyesters, polycarbonates
(PCs) and textiles) and thus have a wide range of loading levels®. This is demonstrated by the
fact that when used in polyesters, bromine-based flame retardants have a loading level of about 8
percent, whereas when bromine-based flame retardants are used in textiles, they are usually at
about a 17 percent loading. On the other hand, the flame retardants that are not used in such a
wide variety of products have much smaller loading ranges. For example, chlorophosphates have
a 9 percent loading in epoxy resins and a 10 percent loading in polyurethane and are not
reportedly used with other polymers (Weil and Levchik 2009).

Table 3-1: Typical Loading Levels® of Common Flame Retardants

Type of Flame Retardant Loading (wt %)
Bromine-based 210 25%"
Aluminum Hydroxide 13 to 60%
Magnesium Hydroxide 53 to 60%
Chlorophosphates 9to 10%
Organophosphorus 5 to 30%
1 Polyethylene (PE) can require up to 31% of a bromine based flame retardant and 7-8 %
antimony trioxide. However, this is rarely practiced in the market thus the upper limit
displayed above is 25%.

Source: Weil and Levchik 2009

Flame-Retardant Classification
Flame retardants can be classified into four main categories according to chemical composition:

= |norganic: This category includes flame retardants and synergists such as silicon dioxide,
metal hydroxides (e.g., aluminum hydroxide and magnesium hydroxide), antimony
compounds (e.g., antimony trioxide), boron compounds (e.g., zinc borate — which is often
used as a synergist for both halogenated and non-halogenated flame retardants), and other
metal compounds (molybdenum trioxide). As a group, these flame retardants represent
the largest fraction of total flame retardants in use (Norwegian Pollution Control Agency
2009).

= Halogenated: These flame retardants are primarily based on bromine and chlorine.
Typical halogenated flame retardants are halogenated paraffins, halogenated aliphatic and

® These loading levels can be measured in percent by weight (i.e., percent in relation to the total weight of the
components or final product) or in parts per hundred resin (phr) (i.e., all phrs will be over 100). Information in Table
3-1 is presented as a percentage of the weight of the final product.
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aromatic compounds, and halogenated polymeric materials. Some halogenated flame
retardants also contain other elements, such as phosphorus or nitrogen. The effectiveness
of halogenated additives, as discussed below in Section 3.4, is due to their interference
with volatile substances which are created in the combustion process, decreasing their
combustibility. Brominated compounds represent approximately 18 to 21 percent (by
volume) of the global flame-retardant production (Hirschler 1998).

Phosphorus-based: This category represents about 20 percent (by volume) of the global
production of flame retardants and includes organic and inorganic phosphates,
phosphonates, and phosphinates as well as red phosphorus, covering a wide range of
phosphorus compounds with different oxidation states. There are also halogenated
phosphate esters, often used as flame retardants for polyurethane foams or as flame-
retardant plasticizers, but not commonly used in electronics applications (Hirschler 1998;
Green 2000; Weil and Levchik 2004).

Nitrogen-based: These flame retardants include melamine and melamine derivatives
(e.g., melamine cyanurate, melamine polyphosphate). Nitrogen-containing flame
retardants are often used in combination with phosphorus-based flame retardants, with
both elements in the same molecule (Morose 2006).

Halogenated flame retardants are commonly blended with a synergist, such as antimony trioxide.
A synergist multiplicatively enhances the flame retardant effect. Many flame-retardant synergists
do not have significant flame-retardant properties by themselves; their addition increases the
overall effectiveness of the flame-retardant system. It should also be noted that the synergists
may be very system specific; they are not universal. For example, antimony trioxide only shows
flame retardant synergism with halogenated flame retardants and has no effect when combined
with inorganic, phosphorus, or nitrogen-based flame retardants.

Flame retardants also can be classified by how they are incorporated into a polymer — additively
or reactively. No reactive-type flame retardants were identified as alternatives to
decabromodiphenyl ether (decaBDE) in this assessment.

Additive: Additive flame retardants are incorporated into polymers via physical mixing,
and are not chemically bound to the polymer. Flame-retardant compounds are mixed with
existing polymers without undergoing any chemical reactions. As a result, the
polymer/additive mixture is less susceptible to combustion than the polymer alone. Since
additive flame retardants can be incorporated into the product up until the final stages of
manufacturing, it is usually easier for manufacturers to use additive flame retardants than
reactive flame retardants.

Reactive: Reactive flame retardants are incorporated into polymers via chemical reactions
and must be incorporated at an early stage of manufacturing. Once introduced, they
become a permanent part of the polymer structure — i.e., the chemically-bound reactive
flame-retardant chemicals cease to exist as separate chemical entities. As a result,
reactive flame retardants have a greater effect on the chemical and physical properties of
the polymer into which they are incorporated than do additive flame retardants. For



examples of reactive flame retardants, refer to the Flame Retardants in Printed Circuit
Boards Draft Report (U.S. EPA 2008).

Flame retardants can also be coated on the external surface of the polymer to form a protective
barrier or to improve their compatibility with the polymeric matrix.

Both reactive and additive flame retardants can significantly change the properties of the
polymers into which they are incorporated. Each flame retardant polymer combination is unique.
For example, they may change the viscosity, flexibility, density, electrical properties, tensile
strength, and flexural strength; and may also increase the susceptibility of the polymers to
photochemical and thermal degradation.

3.2 Flame Retardants Included in this Assessment

With the assistance of the partnership, the U.S. Environmental Protection Agency (EPA)
identified 29 alternatives to decaBDE which fit the scope of this project: to identify potentially
functional, viable alternatives for use in the identified polyolefins, styrenics, engineering
thermoplastics, thermosets, elastomers or waterborne emulsions and coatings (see Chapter 1).
The impetus behind this alternatives assessment is the potential for adverse human health and
environmental effects through decaBDE exposure. DecaBDE can break down into other
polybrominated diphenyl ether congeners, which may be persistent, bioaccumulative, and toxic
to both humans and the environment (U.S. EPA 2009). It is important to stress that these
alternatives were not chosen based on environmental preferability but based on their
functionality and viability. These alternatives were identified through the following process:

1) EPA developed an initial list of alternatives based on a review of the literature (Posner
and Boras 2005; Danish Ministry of the Environment 2007; European Chemicals Bureau
2007; Washington State Department of Health 2008; Pure Strategies Inc. for Maine
Department of Environmental Protection 2010) and consultation with industry experts.

2) This list was presented to the partnership, and through multiple discussions EPA
confirmed which chemicals were potentially viable alternatives and identified any
additional alternatives which were not found through the literature review process.

3) Chemicals that were initially included as potential alternatives (identified through the
literature review) but were not deemed viable by the experts on the partnership were
excluded from the assessment (see Section 3.3).



Chemical Alternatives and the Toxic Substances Control Act

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

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

TSCA and DfE Alternatives Assessments

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

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

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

Table 3-2 presents the potentially viable flame retardant alternatives included in this assessment,
along with a summary of the polymers in which they are most often used, and end-use products
into which the polymers are incorporated. The chemicals in Table 3-2 are additive flame
retardants unless otherwise noted. Their modes of flame-retardant action are also given in Table
3-2 and discussed in Section 3.4. These modes of action include:

= CA - C: Chemical action in condensed phase,

= CA - G: Chemical action in gas phase,
= HS: Heat sink,
= CF: Char former,

I: Intumescent'®, and

D: Dilution effect

1% Intumescence is when a compound swells as a result of heat exposure, thus increasing in volume, and decreasing
in density.
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Table 3-2: Summary of Chemicals for Assessment with Polymer and End-Use Application

Flame Retardant Chemicals
for Assessment!

Chemical
Abstracts
Service
Registry
Number
(CASRN)

Polymer
Applications’

End-Use Applications®

Electronics

Wire and
Cable

Public
Buildings

Construction
Materials

Automotive

Aviation

Storage and
Distribution

Products

Textiles

Waterborne

emulsions &

coatings

Mode of
Action*

Decabromodiphenyl ether,
decaBDE

1163-19-5

Chlorinated
polyethylene
(CPE)

AN

Elastomers

ANEERN

(\

Emulsions

Engineering
Thermoplastic

High-impact
polystyrene
(HIPS)

Polyethylene
(PE)

(\

\

\

\

Polypropylene
(PP)

(\

\

Thermosets

CA-G+
CA - C (with
metal
hydroxide
[HS])

Aluminum diethylphosphinate

225789-38-8

Elastomers

Epoxy resins

PA

Polybutylene
terephthalate
(PBT)

S ENENENENENIENEENEEN

SN NS

SN NS

Polyethylene
terephthalate
(PET)

(\

<

<

Thermoplastic
polyurethane
(TPU)

v

CF+1+HS

IFor full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.
%If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application

3All categories may include military uses
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.
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Chemical End-Use Applications®
Abstracts o S5, | ¢ T 5 g3
Flame Retardant Chemicals Service Polymer 2| 24| 0P| € % S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications® S|os |55 |25 & = 332 & |€8E Action*
= - S = e S = ©'C o 3 L ©
Number 3 -§o a's gg = 3: 582 & £33
(CASRN) m @3 2 &0 25
Elastomers v v v |V v
Emulsions v
. . 21645-51-2; Ethylene vinyl
Aluminum hydroxide 8064-00-4 acetate (EVA) v v v |V v HS + |
PE v v v | vV v
Thermosets v v |V v
Elastomers v
Emulsions
. 68333-79-9;
Ammonium polyphosphate emens L PE v v v v CA-C+l1
PP v | v v v | v v
Thermosets v v v v
Elastomers v v v |V v v v
Emulsions v v
Engineering v v v v v v
Thermoplastic
Antimony trioxide 1309-64-4 HIPS V| v v v | v v v CA-G
(Used as a synergist only) PE v v v v v v v (synergists)
PP v | v v v |V v v
Polyvinyl
chloride (PVC) v v v v v
Thermosets v v v

1 For full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.

2If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application
3All categories may include military use
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.




Chemical End-Use Applications®
Abstracts n S, | o T c 2 o
Flame Retardant Chemicals Service Polymer £ | B0 | 22| B3 £ S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications® S| o2 | S5 | 25| E = S = T |22S Action*
Number 3 EO g5 §§ £ é gag & §3§
(CASRN) m 82| Z s =5
CPE v | v v
Elastomers v | v v v CA-Gs
Engineering v CF- C;A G
Bis Thermoplastic + ’CA -C
(hexachlorocyclopentadieno) 13560-89-9 HIPS v (with metal
cyclooctane oE v v v v hY droxide
= v v oxide [HS])
Thermosets v v v v
Polyphenylene
ether — high-
impact v
£045.33.5 polystyrene
: i (di -33-3; PPE-HIPS
Bisphenol A bis-(diphenyl 181028.76.5 ( ) ~ CA-C+CF:
phosphate) . PC .
(reaction (synergist)
products) Polycar_bo_nate-
acrylonitrile
butadiene v
styrene (PC-
ABS)
Acrylonitrile
butadiene v
Brominated Epoxy Polymer(s) | Confidential styrene (ABS) CA-G
HIPS v
PE v

IFor full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.

2If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application
*All categories may include military uses
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.




Chemical End-Use Applications®
Abstracts o S5, | ¢ T 5 g3
Flame Retardant Chemicals Service Polymer £ | Bl e®| B85 |3 S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications® S|os |55 |25 & = S = T | 285 Action*
Number 3 -EO = §§ £ = gag 2 | 838
(CASRN) m @3 2 &0 25
ABS v
HIPS v CA-G+CA
- C (with
Brominated Epoxy Polymers 68928-70-1 | Nylon v v metal
PBT v v hydroxide
Unsaturated v v [HSD)
polyester (UPE)
Mixture of Brominated Epoxy HEY v
Polymer(s) and Bromobenzyl Confidential | HIPS v CA-G
Acrylate PE v
ABS v
HIPS \/ CA-G+CA
. . - C (with
Brominated epoxy resinend- | 435599 45 0 [Nylon v v metal
capped with tribromophenol hvdroxid
PBT v v Y[JgB e
UPE v v
PA v v
Brominated pol lat 59447-57-3 PeT v Y CA-G
rominated polyacrylate -57- -
POIVaEY PP v v v
PE v

IFor full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.

2If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application
SAll categories may include military uses
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.




Chemical End-Use Applications®
Abstracts o S5, | ¢ T 5 g3
Flame Retardant Chemicals Service Polymer £ | B0 | 22| B3 £ S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications® S| o2 | S5 | 25| E = S = z | 285 Action*
Number 5| =E0| 25| 28| 8 S SEQ| © | 8=2C
o |3 | 5=|3| < |gsgc| F |E2S
(CASRN) Iy 8 < &» 0 =5
CPE v | v v
Elastomers v | v v v |V v
Emulsions v v
_ _ _ Engineering _ v v v v
Brominated poly(phenylether) Confidential Thermoplastics CA-G
HIPS v
PE v | v v v | vV v
PP v | v v v v
Thermosets v v v
PA v v
PET v
: PBT v
Brominated polystyrene 88497-56-7 . CA-G
Thermoplastic v
polyester
Thermoset v
polyester

IFor full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.
%If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application

3All categories may include military uses
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.
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Chemical End-Use Applications®
Abstracts o S5, | ¢ T 5 g3
Flame Retardant Chemicals Service Polymer £ | Bl e®| B85 |3 S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications” | 2 g 2 55|28 | € = %g 2l 8 |28 Action*
Number 8|50 |a3 |28 = z 588 & £33
(CASRN) m @3 2 &0 25
CPE v | v v
Elastomers v | v v v |V v
Emulsions v v CA-G +
Engineering _ v v v v CA - C (with
Decabromodiphenyl ethane 84852-53-9 Thermoplastics metal
HIPS v hydroxide
PE Vv | v vV v [HS])
PP v | v v v v
Thermosets v v v
CPE v v
Elas_tome_rs v CA-G:
_ ngineering v CA-C
il 32586-76-4 | Thermoplastic (g eeee]
P HIPS v thermal
PE vIiv | v | v |V v stability)
PP v | v v v |V v
Elastomers v v v |V v
EVA v v v | vV v
Magnesium hydroxide® 1309-42-8 PA v CF +HS
PE v v v | vV v v
PP v v v |V v v v

IFor full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.

2If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application

SAll categories may include military uses

4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.
®Previously assessed by Design for the Environment (DfE) in other alternatives assessments (http://www.epa.gov/dfe/alternative_assessments.html)
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Chemical End-Use Applications®
Abstracts o S5, | ¢ T 5 g3
Flame Retardant Chemicals Service Polymer 2| Be | 0| B8 | 2 S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications® S|l oo |35 | 25| 8 = 332 & |€8E Action*
5 ] S = i o = TS T S x oL ®
Number 3 -§o a's gg = 3: 582 & £33
(CASRN) m @3 2 &0 25
PA v v v |V v v v
Melami 37640-57-6 PET v 4 4 4 4 4 4 HS + D
elamine cyanurate -57- +
4 TPU v v | v [V ]| ¥ v | v
UPE v v v |V v v v
Epoxy resins v v v |V v v
PA v v v |V v v
PBT v v v |V v v
PE v
Melamine polyphosphate®® 15541-60-3 - HS+ D+ CF
polyphosp Phenoll(_: based v v v v v v
composites
PP v
TPU v v v | vV v v
UPE v v v | vV v v
. . PE thin films v v
N-alkoxy hindered amine _ )
reaction products 191680-81-6 PP thin films and v v CA-G
fibers
Phosphonate oligomer’ 68664-06-2 | Thermosets v v v CA-C;CF

IFor full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.

2If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application
3All categories may include military uses
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.
SPreviously assessed by DfE in other alternatives assessments (http://www.epa.gov/dfe/alternative_assessments.html)
®This CASRN is specifically for Melamine Pyrophosphate. Please consult the Chemical Considerations section of this chemical’s hazard profile for additional identity information on

the closely related melamine phosphate salts that are anticipated to have similar hazard profiles.

"Also available as a reactive oligomer to react with the host polymer system

3-12



http://www.epa.gov/dfe/alternative_assessments.html

Chemical End-Use Applications®
Abstracts o S5, | ¢ T 5 g3
Flame Retardant Chemicals Service Polymer £ | Bl e®| B85 |3 S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications® S|os |55 |25 & = S = T |22 Action*
Number S|S0 |25 | 28| 8 > SEQl 8 | 228
= | 2 @| 52| 3 < Sza|l F | S28
(CASRN) Iy 8 < &» 0 =5
Phosphoric acid, mixed esters RaEhllEe v v v CA-C+
with [1,1°-bisphenol-4,4’-diol] | 1003300-73-9 | PC v v v CF;
and phenol PC-ABS v v v (synergist)
Elastomers v | v v v |V v
Polyphosphonate 68664-06-2 i i CA-C;CF
yphosp Engineering v v v v v v
Thermoplastic
Poly[phosphonate-co- Elastomers v | v v v |V v
carbonate] 77226-90-5 Engineering . J / / / / CA - C, CF
Thermoplastic
Elastomers v
Emulsions 4 v
Epoxy resins v v v v CA-G+CA
Red phosphorus 7723-14-0 oA v v v -C
PA 66 GF v
PP v | v
Resorcinol bis- 125997-21-9; | PPE-HIPS v CA-C +CF;
diphenylphosphate 57583-54-7 PC-ABS v synergist

IFor full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8
2If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application

3All categories may include military uses
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.
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Chemical End-Use Applications®
Abstracts o S5, | ¢ T 5 g3
Flame Retardant Chemicals Service Polymer £ | Bl e®| B85 |3 S |SSEl 8 | 52%| Modeof
for Assessment® Registry Applications” | 2 oS |55 | 2 s | E - S = T | 225 Action*
Number E -EO g3 §§ £ Z gag 2 | 838
(CASRN) m @3 2 &0 25
Elastomers v | v v v |V v v
Substituted amine phosphate 66034-17-1 EVA Y Y Y Y Y CA-C;CF+
) phosp and PE v | v v v |V v v ’
mixture fidential |
confidentia PP v | v v v |V v v
TPU v | v v v |V v
Elastomers v v v | v CA-G+CA
Tetrabromobisphenol A bis 21850-44-2 : ?m(e\t,:Ith
(2,3-dibromopropyl ether) PP v v v v hydroxide
[HS])
Triphenyl phosphate® 115-86-6 PRE-AIPS v CA-C+CF
riphenyl phosphate -86- -C+
PRyl prosp PC-ABS v
Tris(tribromoneopentyl) e CA-G+CA
phosphate 19186-97-1 | PP v v v v CCr Rl
ABS v CA-G+
Tris(tribromophenoxy) triazine | 25713-60-4
( p y) HIPS Vg CF+D
Zinc borate (Synergist for 138265-88-0; | =2 1Y Y A Y Y HS + CF +
(Synerg 1332076 | PE VIV [ v | Vv v Vv v
halogen and non-halogen) CA-C
PP v | v v v |V v v

1 For full chemical name and relevant trade names see the synonym section of the individual profiles in Section 4.8.
2If a polymer is not listed for any specific flame retardant, then the flame retardant is not functional in that material application

SAll categories may include military uses
4CA - C: Chemical action in condensed phase, CA - G: Chemical action in gas phase. Physical action can be HS: Heat sink, CF: Char former, I: Intumescent, or D: Dilution effect.

®Previously assessed by DfE in other alternatives assessments (http://www.epa.gov/dfe/alternative_assessments.html)

Source: Personal communication with members of the partnership.

3-14



http://www.epa.gov/dfe/alternative_assessments.html

3.3 Flame Retardants Not Included in this Assessment

In addition to the chemicals listed in Table 3-2, the partnership considered other flame retardants
for the assessment, including individual chemicals and materials. Section 3.3.1 describes
chemicals that were identified as possible alternatives to decaBDE and the reasons they were
excluded from the assessment. Sections 3.3.2 and 3.3.3 describe two general types of
nanomaterials that were not assessed because EPA does not have sufficient experience to apply
data from one form of a chemical substance (such as a bulk material) to a particular nanoform of
that chemical.

3.3.1 Chemicals That Were Excluded from this Assessment

The chemicals listed in this section were identified as possible alternatives to decaBDE, but were
not included in the alternatives assessment. Reasons for exclusion included:
=  Not commercially available™;

= The flame retardant is a blend of which a majority of the chemicals are included in the
assessment;

= Compared to other chemicals being assessed, the flame retardant is used or has the
potential to be used in only small quantities;

= Qutside the scope of the project: not a flame retardant or not relevant to materials in the
scope;

= The Hazard Evaluation Criteria (U.S. EPA 2011) cannot yet be applied to evaluation of
nanomaterials;

= Regulatory action has been proposed or implemented making future use unlikely;
= Will be addressed qualitatively in this report;

= Limited use as a decaBDE replacement due to toxic byproducts or regulations; and
= Not functional in materials in which decaBDE has been used.

A summary of the chemicals which were discussed but not included in this assessment are listed
in Table 3-3 with the reason for exclusion. Additionally, it is likely that the Partnership omitted
some potential alternatives. For example, TBBPA carbonate oligomer (CASRN 94334-64-2;
71342-77-3) was mentioned but not identified as a high priority alternative and tetradecabromo-
1,4-diphenoxybenzene (CASRN 58965-66-5) was not brought up during the survey of available
alternatives. These chemicals and others not yet identified or currently under development may
be included in future versions of this report.

1 Some flame retardants that are currently in the process of market commercialization are included in the list of
flame retardants in Section 3.2.
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Table 3-3: Chemicals Considered but Not Included in the Final Alternatives Assessment

Chemical Name CASRN Justification for Exclusion
. This chemical is no longer on the market. Neither is the similar but lower brominated
1,2 - bis(pentabromophenoxy) ethane 61262-53-1 1.2 - bis(tribromophenoxy) ethane.
Ammonium polyphosphate + melamine + The flame retardant is a blend, of which the ammonium polyphosphate and melamine
pentaerythritol are included in the assessment.
Boehmite (Aluminum hydroxide oxide) 1318-23-6 Compared to other _chemical_s b_eing assgssed, it is used and/or has 'Fhe potential j[o be
only in small quantities. A similar but different compound to aluminum hydroxide.
Calcium molybdate (Powellite) 7789-82-4 This is more of a smoke suppressant than a stand-alone flame retardant and is for PVC.
Diphenyl cresyl phosphate (DPK) 26444-49-5 DPK is mostly used as plasticizer in PVC, and is not used as a decaBDE replacement.
Ethylenediamine-o-phosphate 14852-17-6 Com[_Jared to other f:hemicals being assessed, it is used and/or has the potential to be
used in small quantities.
The chemical is undergoing the Premanufacture Notice (PMN) review process at EPA."
“Green Armor” Confidential The manufacturer prefers not to include this substance in the DfE process until PMN
review is complete.
Huntite / hydromagnesite Compared to other chemicals being assessed, it is used and/or has the potential to be
MgzCa(CO3)(0H),3H,0 used in small quantities.
63316-43-8

KSS - Potassium 3-
(phenylsulfonyl)benzenesulfonate

(monosulfonate);

63316-33-6 (disulfonate)

KSS is mainly used in PCs, and not in PC blends.

Mesoporous silicate particles (MSPSs)

The DfE Hazard Evaluation Criteria (U.S. EPA 2011) cannot yet be applied to
evaluation of nanomaterials. EPA does not have sufficient experience to apply data
from one form of a chemical substance (such as a bulk material) to a particular
nanoform of that chemical. These materials are not assessed in this report but they are
still of interest and are discussed in Section 3.3.3.

! Anyone who plans to manufacture or import a new chemical substance for a non-exempt commercial purpose is required by section 5 of TSCA to provide EPA with a
PMN which must be submitted at least 90 days prior to the manufacture or import of the chemical.
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Chemical Name CASRN Justification for Exclusion
The DfE Hazard Evaluation Criteria (U.S. EPA 2011) cannot yet be applied to
evaluation of nanomaterials. EPA does not have sufficient experience to apply data
Nanoclays from one form of a chemical substance (such as a bulk material) to a particular
nanoform of that chemical. These materials are not assessed in this report but they are
still of interest and are discussed in Section 3.3.3.
In contrast to melamine cyanurate and melamine polyphosphate, which are included in
. the assessment and can be used as flame retardants by themselves, pentaerythritol must
Pentaerythritol 115775 be combined with melamine AND a phosphate to be effective and so is not included in
this assessment as a stand-alone flame retardant
Phosphonic acid, (3-{[hydroxymethyl]amino}-3- Limited use as a decaBDE replacement: this compound’s use in the United States is
. 20120-33-6 . . .
oxopropyl)-dimethyl ester almost zero because it is used with compounds which can release formaldehyde.
Poly(aryl ether ketone) (PAEK — various Will be addressed qualitatively in the report: this is an inherently flame retardant (IFR)
suppliers — covers PEK, PEEK, PEKK, etc.) polymer (see Section 3.3.2).
Polyetherimde 61128-46-9 Will be addressed qualitatively in the report: this is an IFR polymer (see Section 3.3.2)
R T I e e et Not effec_ti_ve in most materials where decaBDE_ is curre_ntly_ usgd _to meet required_ _
25038-59-9 flammability standards. Therefore, the use of this chemical is limited and not a priority

backbone

for assessment.

Short-Chain Chlorinated Paraffins (SCCPs)
Medium-Chain Chlorinated Paraffins (MCCPs)
Long-Chain Chlorinated Paraffins (LCCPs)
very Long-Chain Chlorinated Paraffins (vLCCPs)

Chlorinated paraffins are
categories of chemicals and
defined as:

Cx H(2x-y+2) Cly

SCCPs: 10<x<13, 3<y<12

MCCPs: 14<x<17, 3<y<I15

LCCPs: 18<x<20, 5<y<17
VLCCPs: x>21, y>5

EPA has entered into Consent Decrees with the major manufacturers of SCCPs that
end manufacture and distribution of these substances in U.S. commerce. EPA has also

proposed a Significant New Use Rule for any use of “alkanes, C12-13, chloro”
(CASRN 71011-12-6).

EPA is requiring all manufacturers of all CPs (which are not correctly listed on the
TSCA Inventory) to submit TSCA section 5 premanufacture notices for these
substances, where they will be evaluated for potential regulatory action. In addition,
EPA is evaluating whether the manufacturing, processing, distribution in commerce,
use and/or disposal of MCCPs and LCCPs should also be addressed under TSCA
section 6(a).

Was not identified as a prevalent alternative to decaBDE. Additionally, a full

Tetrabromobisphenol A 79-94-7 discussion of TBBPA manufacturing, process and hazard is provided in a previous DfE
report (U.S. EPA 2008).
Tetrakis (hydroxymethyl) phosphonium, urea, 124-64-1 Not effective in most materials where decaBDE is currently used to meet required
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Chemical Name CASRN Justification for Exclusion
chloride salts flammability standards. Therefore, the use of this chemical is limited and not a priority
for assessment.
Tricresyl phosphate 1330-78-5 Outside of the scope of this project: this is a plasticizer for PVC.
Previously assessed and limited use as a decaBDE replacement: this chemical is not
Tris (1,3-dichloropropyl-2) phosphate 13674-87-8 used as a primary flame retardant in textile backcoatings and TDCPP was reviewed in
DfE's Furniture Flame Retardancy Report (U.S. EPA 2005).
Tris (2-hydroxyethyl) isocyanurate 839-90-7 Not a flame retardant; part of a curing system for coatings.
Limited use as a decaBDE replacement: this is a potential alternative synergist to
Zinc molybdate 13767-32-3 antimony trioxide when used in textiles. It is also a smoke suppressant. However, it is

not a particularly viable alternative synergist because of cost and municipal water
discharge restrictions.
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3.3.2 Inherently Flame Retardant Materials

In addition to the use of flame retardant chemicals, flame retardancy can be achieved through the
use of IFRs. IFR materials meet fire code standards without special processing or chemical
additives. IFRs are not flammable, which means that the protection is built into the fiber and is
less likely to be worn away or washed out (DuPont 2010). IFRs can be used in a multitude of
materials, and are not limited to fibers. IFR technologies are used in textiles, electronics, aircraft,
and ground transportation vehicles and may be used in place of decaBDE in some instances.
Table 3-4 includes a few examples of IFRs, their attributes, and end-use products relevant to this
assessment. Flame retardancy can also be achieved through the use of inherently flame retardant
barriers that physically prevent fire spread to flammable materials. This report assessed flame
retardant additives and did not assess polymers in which these additives are used nor these IFR
materials for their own inherent hazard.
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Table 3-4: Examples and Descriptions of Inherently Flame Retardant Materials

Inherently Flame
Retardant Material

Description and Attributes

End Uses Relevant to this Assessment

Graphite impregnated
foam

= Relatively new technology which is self-
extinguishing and highly resistant to combustion.

= Can meet airline fire safety standards for the seats
with a reduced dependency on flame-retarded fabric.

(U.S. EPA 2005)

Largely used in niche markets, e.g., general aircraft seating

(U.S. EPA 2005)

Low heat release plastics
(Nomex, Teflon)

= Characterized by lower heat release capacities.

= High melt temperature (if any), hard to process using
conventional plastics processing methods.

(Walters and Lyon 2003)

Aircraft

Firefighter apparel
Soldier protection fabric
Flame retardant tents

(Nagarajan 2012)

Polyimides

=  Linear polymers which contain a ring structure along
the backbone. This backbone structure gives the
polymer good high temperature properties.

=  Pls have excellent physical properties and are used in
applications where parts are exposed to harsh
environments.

= Oxidative stability allows them to withstand
continuous service in air at temps of 260°C. Pls will
burn but they have a self-extinguishing property.

(Modern Plastics and Charles A. Harper 1999)

Wire enamel
Bearings for appliances in aircrafts, seals and gaskets

Flexible wiring and electrical motor insulation — used with film

version of PI

(Modern Plastics and Charles A. Harper 1999)

Polyketones

=  Family of aromatic polyether ketones includes
structures which vary in the location and number of
ketonic and ether linkages on their repeat units
including PEK, PEEK, PEEKK and other
combinations.

= All have very high thermal properties due to their
aromaticity of their back bones and are readily
processed via injection molding.

= Toughness is high for such high-heat resistance
materials.

= Low moisture absorption and good hydrolytic
stability lend these materials to their applications.

(Modern Plastics and Charles A. Harper 1999)

Airplane and automobile engines

(Modern Plastics and Charles A. Harper 1999)
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Inherently Flame
Retardant Material

Description and Attributes

End Uses Relevant to this Assessment

Geopolymers

Polysialate family of inorganic matrices.

Geopolymer is a two-part system consisting of an
alumina liquid and a silica powder that cures at around
150°C.

Low curing temperatures, high temperature resistance,
and low cost.

Compatible with carbon, glass, Kevlar, steel,
cellulosics.

= |tems with high-use temperatures anticipated
= Engine exhaust system
= Aircrafts

(Nagarajan 2012)

Liquid Crystal Polymer
(LCP)

(Nagarajan 2012)

Aromatic copolyesters - the presence of phenyl rings
in the backbone gives chain rigidity, forming rod-
like chain structures.

Self-reinforcing with high mechanical properties.
Known for high-temperature resistance, particularly
heat-distortion temperature.

Excellent mechanical properties, especially in flow
direction. Good electrical insulation properties and
low flammability. LCPs show little dimensional
change when exposed to high temperatures and a low
coefficient of thermal expansion.

Can be high priced and often exhibit poor abrasion
resistance.

Can be injection molded on conventional equipment
and regrind may be used.

(Modern Plastics and Charles A. Harper 1999)

=  Automotive

= Electrical chemical processing

= Household applications such as in ovens or microwave cookware
(Modern Plastics and Charles A. Harper 1999)

Polyarylates

Amorphous, aromatic polyesters prepared from
dicarboxylic acids and bisphenols.

Aromatic rings give the polymer good temperature
resistance.

Shows good toughness and ultraviolet resistance.
Transparent and has good electrical properties.
Abrasion resistance of polyarylates is superior to PC.
Extreme rigidity of polymer chains (due to aromatic
rings) leads to difficulty in processing.

Polyarylates, while having low heat release, may not
be IFR in all fire risk scenarios.

(Modern Plastics and Charles A. Harper 1999)

= Automotive applications such as door handles, brackets, and
headlamp and mirror housings

= Electrical applications for connectors and fuses

(Modern Plastics and Charles A. Harper 1999)
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3.3.3 Nanosilicates: Clays and Colloidal Solids

Nanosilicate clays and colloidal solids may be relevant considerations for alternative flame
retardant formulations. The DfE Hazard Evaluation Criteria cannot yet be applied to evaluation
of nanomaterials. EPA does not have sufficient experience to apply data from one form of a
chemical substance (such as a bulk material) to a particular nanoform of that chemical.
Nanomaterials are not assessed in this report but they are still of interest to the partnership and
this section provides a brief overview, including applications and available hazard information
on two relevant example materials: organoclays and mesoporous silicate particles (MSPs). The
information in this section is not intended to be comprehensive but is rather a starting point to
help the reader conduct further research. Additional books and peer-reviewed publication
references on nanosilicate flame retardants are provided in Appendix A.

Organoclays

Organoclays were developed in the 1930s and 1940s (Theng 1974) and were originally used as
rheological modifiers, additives used to thicken coating materials. They have since been
modified and Cloisite organoclays are now designed for use in plastics and rubbers for
applications including flame retardant synergists. The use of bentonite (Mehta and Weiss 1978)
and organoclays (Jonas 1970; Breitenfellner and Kainmille 1985; Shain 1987) as additives to
flame retardant formulations is claimed in several older patents; just over ten years ago Gilman,
Kashiwagi and Lichtenhan (1997) published a paper on “Nanocomposites as a revolutionary new
flame retardant approach.” However, in the years that followed, it was discovered that adding
organoclays to materials does not, by itself, enable materials to pass flame tests (Morgan 2006;
Morgan and Wilke 2007). Organoclays improve flame retardant performance through synergistic
actions, which has been documented for a variety of flame retardant additive types. When
burned, organoclay particles in a nanocomposite move to the surface of the specimen increasing
char strength and serving as a drip suppressant through formation of an insulating layer that can
delay gasification. The typical loading amount varies between approximately three and six
percent by weight (Gilman 1999; Gilman, Jackson et al. 2000).

Organoclays may pose a hazard to human health (minimal to moderate eye irritation, respiratory
irritation observed in acute studies using high exposure levels, potential carcinogenicity)
(US/International Council of Chemical Associations (ICCA) 2007), but the Organisation of
Economic Cooperation and Development (OECD) has determined that organoclays are “of low
priority for further work” (US/ICCA 2007).

Mesoporous silicate particles

MSPs can be thought of as holey silica ‘beads.” Due to the large size of the pores, polymers
interact with both the internal surfaces of the pores and the external surfaces of the particle,
thereby forming a physically cross-linked polymer-particle network. The network created by the
MSP, combined with their surface chemistry, improves the char barrier formed during
combustion that reduces flame intensity while simultaneously improving the mechanical
performance of the polymer into which they are compounded. (Some MSPs have surface areas in
the range 200 to 1,200 m?/g, uniform pores in the mesometric size range of 2 to 50 nm, and pore
volumes between 0.20 and 2.0 cm*/g (Pinnavaia, Roston et al.)). As with organoclays, MSPs on
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their own will not typically result in achieving flame retardancy, but by replacing a portion of the
flame retardant loading with about 0.5 to 3 percent by weight MSPs, flame retardancy may be
reached (Roston 2011).

Some MSP materials have been tested in various thermosets (e.g., glassy epoxy and polyester),
and thermoplastics (e.g., PP, PE, and nylon 6) to assess their effectiveness as both a flame
retardant agent and mechanical reinforcing agent. Some particles have demonstrated the ability
to reduce fire intensity while simultaneously increasing the strength of the composite (Pinnavaia,
Roston et al.). Test results have also shown a reduction in dripping during fires (Pinnavaia,
Roston et al.). Manufacturer brochures state that their MSPs are low-toxicity submicron
inorganic compositions that can be easily dispersed in a polymer matrix without the use of
organic surface modification (University of California, Los Angeles (UCLA) 2009).

Layer-by-layer technology

Layer-by-layer (LbL) coatings are nanocomposite structures assembled by an alternate
deposition of anionic and cationic monolayers onto a substrate (Li, Schulz et al. 2009; Kim,
Harris et al. 2012). The deposition of the anionic monolayer and the cationic monolayer
(collectively known as a bilayer) is repeated until a coating with the desired properties is created
(Li, Schulz et al. 2009). Electrostatic, van der Waals, covalent, and hydrogen bonds hold the
monolayers together in LbL coatings (Kim, Harris et al. 2012; Carosio, Blasio et al. 2013). The
LbL deposition technique was discovered in 1966, developed in the 1990s, and was reported in
2009 as being used for developing flame-retardant coatings (Li, Schulz et al. 2009; Li, Schulz et
al. 2010; Apaydin, Laachachi et al. 2013). Flame-retardant LbL coatings are gaining attention
beyond just the areas of academic research and development. Some industrial companies are now
pursuing internal studies on the effectiveness of LbL coatings as flame retardants in commercial
products including fabrics, foams, and films. Research has shown that LbL coatings can be
effective flame retardants for a number of different substrates including cotton fabric (Li, Schulz
et al. 2009; Laufer, Kirkland et al. 2012Db), polyurethane foam (Kim, Harris et al. 2012; Laufer,
Kirkland et al. 2012a), PC (Carosio, Blasio et al. 2013), nylon 6 (Apaydin, Laachachi et al.
2013), and PET (Carosio, Laufer et al. 2011). Specifically, some clay-based LbL coatings have
been shown to effectively decrease the flammability of materials by generating a protective
intumescent char layer when exposed to flames that limits heat and mass transfer (Li, Mannen et
al. 2011; Kim, Harris et al. 2012; Laufer, Kirkland et al. 2012a; Apaydin, Laachachi et al. 2013).
Montmorillonite clay (MMT) has proved to be compatible in the LbL process and effective as a
flame retardant; the clay requires little processing prior to deposition because it is a naturally-
occurring, inherently anionic material that is known to catalyze char formation (Bourbigot,
Gilman et al. 2004; Kim, Harris et al. 2012; Apaydin, Laachachi et al. 2013). Recently, LbL
flame retardant formulations formed solely from natural feedstocks (Chitosan and MMT) were
used to provide flame retardancy for polyurethane foam with significant reductions in flame
spread and heat release (Laufer, Kirkland et al. 2012a). Another system using strictly plant-based
matter (Chitosan and phytic acid) was found to deliver localized intumescent protection for
cotton fabrics from 100% renewable resources (Laufer, Kirkland et al. 2012b).
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3.4 Flame Retardant Modes of Action

Polymer combustion is a complex process involving a number of interrelated and interdependent
stages. It is possible to decrease the overall rate of polymer combustion by interfering with one
or more of these stages. The basic mechanisms of flame retardancy will vary depending on the
flame retardant and polymer system. Flame retardants can be classified based on the phase (solid
or gas) in which they act to reduce or prevent propagation of flame. Other flame retardants may
form protective barriers over a polymer which may insulate the flammable polymer from heat or
reduce the amount of polymer that is available to burn as fuel.

3.4.1 Chemical Action in Condensed and Gas Phases

During fire, significant polymer degradation can occur due to heat in the condensed phase (1 mm
from the flame/polymer interface), giving rise to volatile species that are liberated into the gas
phase of the flame. Flame retardant compositions can either act on the condensed phase or the
gas phase.

Radical Scavengers in the Gas Phase

Radical scavengers are also classified as chemical action flame retardant additives as they
modify the radical process in the gas phase through chemical interaction with highly reactive
species.

Halogenated Flame Retardants:

Halogenated flame retardants (e.g., decaBDE) mainly work through this mode of action by
interfering with the gas phase of the combustion process (Troitzsch 1998). The mechanism of
action of these types of flame retardants is shown in Figure 3-1. First, the flame retardant
material breaks down and releases halogen radicals (X*) that react with the polymeric material
(RH). The resulting reaction forms the corresponding halide (HX). The highly reactive radicals,
hydrogen (H®) and hydroxyl (OH®), are responsible for degradation of volatile polymeric species
into low molecular weight (MW) fragments. These radicals react with HX to produce less
reactive (more stable) species, in some cases water, as shown in Figure 3-1. The addition of a
catalytic amount of HX reduces the overall rate of combustion in this chain reaction (Hastie
1973). Consequently, the heat release rate and the heat transferred to the polymer are also
reduced. When the gas phase is saturated with less reactive radicals or species, the conditions for
limiting combustion can be reached, thus extinguishing the flame.

Figure 3-1: Mechanism of action of halogenated flame retardant
X®*+RH — R* + HX
HX+H®* — H, + X*
HX + OH®* — H,0 + X*
Source: Troitzsch 1998

Many aliphatic and aromatic halogenated flame retardants have been developed to meet specific
compatibility requirements with commercial plastics. Brominated flame retardants are the
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preferred choice of halogenated flame retardants from a manufacturing standpoint due to their
cost effectiveness, effectiveness at low loading levels for some applications, and ease of
processing (minimal/no detrimental effect on polymer processing). This preferability does not
consider hazard, risk, or performance.

Intumescents, Organic Char Forming Compounds and Radical Scavengers in the
Condensed Phase

In the condensed phase, flame retardants can form protective barriers, which may be through
intumescence or char formation, to prevent the propagation of flames. Phosphorous-based (e.g.,
ammonium polyphosphate, melamine polyphosphate) and nitrogen-based (e.g., melamine
cyanurate) flame retardants both act in this way.

Some flame retardants cover the flammable polymer surface with a non-flammable protective
coating. This helps insulate the polymer from the source of heat, reducing the formation of
combustible breakdown products and release to the gas phase. The non-flammable coating may
also prevent gaseous oxidants (e.g., oxygen from the air) from contacting the polymer surface.
Intumescent compounds, which swell as a result of heat exposure, lead to the formation of a
protective barrier in which the gaseous products of polymer decomposition are trapped.

Alternatively, a non-flammable layer can be directly applied to the surface of the polymer to
form a non-intumescent barrier coating. The formation of a thermally insulating char layer
significantly influences subsequent degradation by serving as a protective coating layer
preventing oxygen supply to the condensed phase. The properties of the char layer can further be
bolstered by the presence of inorganic compounds. Many phosphorus-containing compounds
form such non-intumescent surface chars. Char formation has several roles in flame retarding
action. Char formation during combustion is an energy intensive process and occurs at the
expense of other undesirable degradation reactions. There is dilution of the flame zone, and
reduction in the amount of fuel available for further degradation (Kuryla 1979).

As mentioned above, both phosphorous- and nitrogen-based flame retardants work in the
condensed phase. Below is a discussion on the modes of actions for these flame retardants.
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Phosphorous Based Flame Retardants:

Phosphorous based flame retardants work efficiently in the condensed phase during combustion
of a polymer. When heated, phosphorous reacts to produce phosphoric acid derivatives as shown
in Figure 3-2. This acid is responsible for the formation of a glassy layer, which prevents flame
propagation. Phosphorous-based flame retardants also generate intumescent char which acts as a
two way barrier, namely hindering passage of combustible gas from the polymer to the flame and
shielding the polymer layer from the flame. A range of phosphorous-based compounds including
phosphines, phosphine oxides, phosphonium compounds, phosphonates, phosphinates, elemental
red phosphorus, phosphites and phosphates are used as flame retardant additives. Phosphorus
based flame retardants also include ammonium polyphosphate, melamine polyphosphate, and
phosphate esters. Even though their predominant mode of action is through physical action
(charring), there are certain proposed radical reactions that can take place during the combustion
process as shown in Figure 3-2 (Carnaham, Haaf et al. 1979).

Figure 3-2: Mechanisms of flame retardant action in phosphorous based flame retardants

Radical reactions — phosphorous compounds

Phosphorous compounds

/N

Reactions in the condensed phase Reactions in the gas phase
o 0 (Vapor phase FR Triphenylphosphineoxide)
U H P* and PO* radicals are liberated

ﬂ’i oH Ho/l“ \\04; -

HOT o o HO +PO° — HPO+ O
Phosphoric acid Polyphosphoricacid =
H+HPO — = H,+PO°

0

l X Z Py+ 0' — = p"+p0°

7’0o —= PO +H
= Similar to halogen radical trap mechanism

= Hydrogen recombination
= Scavenging of oxygen radicals by
molecular phosphorous

Forms a molten viscous layer

Source: Carnaham, Haaf et al. 1979

Inorganic phosphorus compounds are primarily used in PAs and phenolic resins, or as
components in intumescent formulations. In the case of an intumescent material, a foamed char
is developed on the surface upon combustion. In addition to char, intumescent materials can
adhere to molten polymer, and help prevent dripping, which is necessary in fire quenching.
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Nitrogen Based Flame Retardants:

Nitrogen-based compounds are often intumescent and were originally used in nitrogen-
containing polymers such as polyurethanes and PAs. Melamine, melamine cyanurate, other
melamine salts and guanidine compounds are currently the most used group of nitrogen-
containing flame retardants. Melamine is used as a flame retardant additive for PP and PE.
Melamine cyanurate is used as a flame retardant for PAs and polyesters (PET/PBT), epoxies and
polyurethane resins. Melamine phosphate is also used in polyesters (PET/PBT).

3.4.2 Fillers / Diluents

Another mode of action is that exerted by inert solids incorporated into polymers. Such materials
are known as fillers. Fillers include minerals like calcium carbonate or wollastonite. Sometimes
the term filler gets used with magnesium and aluminum hydroxides due to their mineral
structure. These mineral hydroxide fillers that impart flame retardant properties can be
categorized as functional fillers. Metal hydroxides decompose with endothermicity when
exposed to a fire and dilute the condensed phase of the burning polymer. These additives act as a
heat sink, releasing water and/or carbon monoxide that interfere with combustion products in the
vapor phase. As a result, fillers keep polymers cool and prevent them from thermally
decomposing. Since fillers act predominantly via a physical rather than a chemical process, large
loadings of fillers are needed to meet flammability standards.

3.4.3 Inorganic and Hydrated Compounds and Synergists

Metal hydroxides are the largest (by tonnage) class of all flame retardants used commercially and
are employed alone or in combination with other flame retardants to achieve necessary
improvements in flame retardancy. Metal hydroxides can function both in the condensed and gas
phases of a fire by absorbing heat and decomposing to release their water. This process cools
both the polymer and the flame and dilutes the flammable gas mixture. The high concentrations
(typically 13 to 60 percent or greater by weight) required to impart flame retardants properties
often adversely affect the mechanical properties of the polymer into which they are incorporated.

Aluminum hydroxide, also known as alumina trihydrate, is the largest volume flame retardant in
use today. The low decomposition temperature (220-230°C), limits the polymers in which it can
be incorporated. Magnesium hydroxide is stable to temperatures above 330-350°C and can be
processed into several polymers.

Antimony trioxide may not be considered a flame retardant by itself but is often used as a
synergist. It is used in plastics, rubbers, textiles, paper and paints with organochlorine and
organobromine compounds to diminish the flammability of a wide range of plastics and textiles.
Boron compounds display synergism with antimony oxide. Zinc borate can function as a flame
retardant and smoke suppressant.

Antimony-based compounds are synergistic co-additives used in combination with halogenated
flame retardants, facilitating the reduction in total amount of flame retardants required to achieve
a desired level of flame retardancy. Antimony oxides and antimonates are converted to volatile
species by halogen acids in the fire. The halogen acids react with the antimony-containing
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materials to form antimony trihalide and/or antimony halide oxide. The higher MWs of antimony
halides in comparison to hydrogen halides, allow them to remain in the combustion zone longer,
thus improving the efficiency of flame retardancy. This synergism only occurs in the presence of
halogen flame retardants, as antimony does not react to form any other species in the presence of
non-halogenated flame retardants.

Antimony oxychloride or trichloride reduces the rate at which the halogen leaves the flame zone,
thus increasing the probability of reaction with the reactive species (i.e., hydroxyl radicals). The
mechanism of action also involves radical scavenging as shown in Figure 3-3.

Figure 3-3: Synergistic Mechanism of Metal Halides Produced by a Combination of
Halogen and Metal Oxides
L
MX;+H® —— MX,+H-X
L] ® e
MX,+H" —» MX +H-X
MxX*H® — = M+ H-X H-X used quenching H® and OH* radicals

M+0O®® —»= If M is Sb — Flame propagation inhibitor

M+O0OH® — MOH

Other Metal Based Compounds

Molybdenum compounds have been used as flame retardants in cellulosic materials and PVCs
for many years and more recently with other polymers, mainly as smoke suppressants. Zinc
compounds, such as zinc stannate and zinc hydroxy-stannate, are also used as synergists and as
partial replacements for antimony trioxide.

3.4.4 Melting and Dripping

Some flame-retardant chemicals inhibit combustion by interfering with the transfer of heat from
combustion back to the polymer (e.g., melamine cyanurate). Certain chemicals may promote
depolymerization, which lowers the MW of the polymer and facilitates melting. As the burning
melt drips away from the bulk of the polymer it carries with it a proportion of the heat that would
otherwise contribute to polymer decomposition and volatilization. By reducing the release of
volatile decomposition products into the gas phase, these flame retardants reduce the amount of
gaseous decomposition products available to feed the flame. While enhanced melting should
decrease flammability in theory, in practice droplets of burning molten polymer may help spread
a fire to other combustible materials.

3.4.5 Smoldering (Non-Flaming) Combustion

Smoldering (non-flaming) combustion and the closely related phenomenon of glowing
combustion (i.e., only embers are present) occur primarily with high-surface area polymeric
materials that break down during combustion to form a residual carbonaceous char (typically
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cellulosic materials). In general, it is possible to inhibit non-flaming combustion either by
retarding or preventing the initial breakdown of the polymer to form a char, or by interfering
with the further combustion of this char. Boric acid and phosphates are the primary flame
retardants used for preventing non-flaming combustion of organic polymers.
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4 Hazard Evaluation of DecaBDE and Alternatives

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

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

4.1 Toxicological and Environmental Endpoints

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

4.1.1 Definitions of Each Endpoint Evaluated Against Criteria

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

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

Endpoint

Category Endpoint Definition

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

Human Health

Effects Acute Mammalian Toxicity
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Endpoint
Category

Endpoint

Definition

Carcinogenicity

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

Mutagenicity/Genotoxicity

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

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

Reproductive Toxicity

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

Developmental Toxicity

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

Neurotoxicity

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

Endpoint

Definition

Repeated Dose Toxicity

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

Respiratory Sensitization

Hypersensitivity of the airways following inhalation of a
substance.

Skin Sensitization

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

Eye Irritation/Corrosivity

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

Skin Irritation/Corrosion

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

Environmental
Toxicity

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

Agquatic Toxicity (Acute)

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

Agquatic Toxicity (Chronic)

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

Environmental
Fate

Environmental Persistence

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

Bioaccumulation

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




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

4.1.2 Criteria

Table 4-2 summarizes the criteria that were used by the U.S. Environmental Protection Agency
(EPA) DfE Program to interpret the data presented in the hazard evaluations. The DfE
Alternatives Assessment Criteria for Hazard Evaluation underwent internal and public comment,
and were finalized in 2011 (U.S. EPA 2011b). A hazard designation for each human health
endpoint was not given for each route of exposure but rather was based on the exposure route
with the highest hazard designation. Data may have been available for some or all relevant routes

of exposure.

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

Table 4-2: Criteria Used to Assign Hazard Designations

Endpoint ‘ Very High ‘ High ‘ Low ’ Very Low
Human Health Effects

Acute mammalian toxicity
Oral median lethal dose <50 >50-300 >300-2000 >2000 -
(LDso) (mg/kg)
Dermal LDs, (mg/kg) <200 >200-1000 >1000-2000 >2000 -
Inhalation median lethal <2 >2-10 >10-20 >20 -
concentration (LCsy) -
vapor/gas
(mg/L)
Inhalation LCsg - dust/mist/ <0.5 >0.5-1.0 >1-5 >5 —
fume (mg/L)
Carcinogenicity

Known or Suspected - Negative studies -

Limited or
presumed human ; or robust
. marginal X
human carcinogen . mechanism-
. evidence of
carcinogen X - based Structure
carcinogenicity o
: in animals ACt'V'.ty .

(equivalent to Relationship

Globally (SAR)
Carcinogenicity Harmonized

System of

Classification
and Labeling of
Chemicals
(GHS)
Categories 1A
and 1B)

(equivalent to
GHS Category
2)

(And inadequate
evidence in
humans)

(As described
above)
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Endpoint Very High High Low Very Low
Mutagenicity/Genotoxicity
GHS Category
GHS Cat(?gory 2: Substances
1A or 1B: -
which cause
Substances
concern for
known to humans owin
induce heritable g
; to the
MULAtions or 10| <ibility that
Germ cell mutagenicity be regarded as P y
- - they may
if they induce |, : .
heritable mducg her!table Evidence of
mutations in the | MUtations in the| mutagenicity Negative for
germ cells of |26 cells of supported by | chromosomal
humans humans positive results | aberrations and 3
in in vitro OR in | gene mutations,
OR vivo somatic | or no structural
Evidence of | cells of humans alerts.
mutagenicity or animals
supported by
- positive results
Mutagemglty_and . in in vitro AND
genotoxicity in somatic in vivo somatic
cells cells and/or
germ cells of
humans or
animals
Reproductive toxicity
Oral (mg/kg/day) - <50 50-250 >250-1000 >1000
Dermal (mg/kg/day) - <100 100-500 >500-2000 >2000
Inhalation - vapor, gas - <1 1-2.5 >2.5-20 >20
(mg/L/day)
Inhalation - dust/mist/fume - <0.1 0.1-05 >0.5-5 >5
(mg/L/day)
Developmental toxicity
Oral (mg/kg/day) - <50 50-250 >250-1000 >1000
Dermal (mg/kg/day) - <100 100-500 >500-2000 >2000
Inhalation - vapor, gas - <1 1-25 >2.5-20 >20
(mg/L/day)
Inhalation - dust/mist/fume - <0.1 0.1-0.5 >0.5-5 >5
(mg/L/day)
Neurotoxicity
Oral (mg/kg/day) - <10 10-100 >100 -
Dermal (mg/kg/day) - <20 20-200 >200 -
Inhalation - vapor, gas - <0.2 0.2-1.0 >1.0 -
(mg/L/day)
Inhalation - dust/mist/fume - <0.02 0.02-0.2 >0.2 -
(mg/L/day)
Repeated-dose toxicity
Oral (mg/kg/day) - <10 10-100 >100 -
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Endpoint Very High High Low Very Low
Dermal (mg/kg/day) - <20 20-200 >200 -
Inhalation - vapor, gas - <0.2 0.2-1.0 >1.0 -
(mg/L/day)
Inhalation - dust/mist/fume - <0.02 0.02-0.2 >0.2 —
(mg/L/day)
Sensitization
Skin sensitization - High frequency |Low to moderate |Adequate data -
of sensitization |frequency of available and not
in humans sensitization in  |GHS Category
and/or high human and/or  |[1A or 1B
potency in low to moderate
animals (GHS |potency in
Category 1A) |animals (GHS
Category 1B)
Respiratory sensitization - Occurrence in Adequate data -
humans or available
evidence of - indicating lack
o |Limited :
sensitization in - of respiratory
evidence A
humans based |. : sensitization
including the

on animal or
other tests
(equivalent to

presence of
structural alerts

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

Endocrine activity

Endocrine Activity

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

Environmental Toxicity and Fate

Aquatic toxicity

Acute aquatic toxicity — <1.0 1-10 >10-100 >100 or No -
LCs, or half maximal Effects at

effective concentration Saturation

(ECso) (Mg/L) (NES)

Chronic aquatic toxicity — <0.1 0.1-1 >1-10 >10 or NES -

lowest observed effect
concentration (LOEC) or
chronic value (ChV)
(mg/L)

Environmental persistence
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Endpoint Very High High Low ‘ Very Low
Persistence in water, soil, Half-life Half-life of 60— Half-life <60 Half-life Passes Ready
or sediment >180 days or 180 days but >16 days <16 days OR |Biodegradability

recalcitrant passes Ready
Biodegradability
test not
including the
10-day window.
No degradation
products of

concern.

test with 10-day
window. No
degradation
products of
concern.

Persistence in air (half-life
days)

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

Bioaccumulation

Bioconcentration Factor >5000 5000-1000 <1000-100 <100 -
(BCF)/Bioaccumulation

Factor (BAF)

Log BCF/BAF >3.7 3.7-3 <3-2 <2 -

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

4.1.3 Endpoints Characterized but Not Evaluated

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

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

Toxicological Endpoint

Definition

Toxicokinetics

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

Biomonitoring
Information

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

Environmental Transport

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

Persistence in Air

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

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

Immunotoxicology

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

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

IA fugacity model predicts partitioning of chemicals among air, soil, sediment, and water under steady state
conditions for a default model “environment” (U.S. EPA 2011e).

4.2 Data Sources and Assessment Methodology

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

4.2.1 Identifying and Reviewing Measured Data

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

Chemical assessments were performed by first searching for experimental data for all endpoints
in Table 4-2. For most alternatives assessed, high quality secondary sources were not available;
therefore a comprehensive search of the literature was performed to identify experimental data.
In some cases, confidential studies submitted to EPA by chemical manufacturers were also

available to support hazard designations. For those chemicals that were expected to form stable
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metabolites, searches were performed to identify relevant fate and toxicity information for the
metabolite or degradation product.

Well Studied Chemicals — Literature Search Strategy

As mentioned above, for chemicals that have been well characterized, the literature review
focused primarily on the use of secondary sources, such as Agency for Toxic Substances and
Disease Registry Toxicological Profiles or IRIS assessments. Using high-quality secondary
sources maximized available resources and eliminated potential duplication of effort. However,
more than one secondary source was typically used to verify reported values, which also reduced
the potential for presenting a value that was transcribed incorrectly from the scientific literature.
Although other sources might also contain the same experimental value for an endpoint, effort
was not focused on building a comprehensive list of these references, as it would not have
enhanced the ability to reach a conclusion in the assessment. When data for a selected endpoint
could not be located in a secondary source for an otherwise well studied chemical, the primary
literature was searched by endpoint and experimental studies were assessed for relevant
information.

Making Predictions in the Absence of Measured Data

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

For chemicals that lacked experimental information, QSAR assessments were made using either
EPA’s Estimation Program Interface (EPISuite™) for physical-chemical property and
environmental fate endpoints or EPA’s Ecological Structure Activity Relationships
(ECOSAR™) QSARs for ecotoxicity. For the cancer endpoint, estimates were also obtained
from EPA’s OncoLogic expert system. These estimation methods have been automated, and are
available for free (U.S. EPA 2012c). Often analog data were used to support predictions from
models. These approaches were described in the EPA Pollution Prevention (P2) Framework and
Sustainable Futures (SF) program (U.S. EPA 2005b; U.S. EPA 2011e).

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

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



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

4.2.2 Hierarchy of Data Adequacy

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

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

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

3. Reported data without supporting experimental details

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

5. Expert judgment based on mechanistic and structural considerations

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

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

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

4.2.3 Assessment of Polymers and Oligomers

The methodology and procedures used to assess polymers were slightly different than those used
for oligomers, discrete compounds and simple mixtures. Although experimental data for
polymers were identified using the literature search techniques discussed above in Section 4.2.1,
in the absence of experimental data, estimates were performed using professional judgment as
presented in the literature and the SF Polymer Assessment guidance (U.S. EPA 2010d). The
polymers are a mixture of molecules with a distribution of components (e.g., different chain
lengths) that depend on the monomers used, their molar ratios, the total number of monomeric
units in the polymer chain, and the manufacturing conditions. To account for this variation, the
average MW profile (also referred to as the number average molecular weight MW,) was used in
their assessment as the individual chains rarely have the same degree of polymerization and
weight yet their physical, chemical, and environmental properties are essentially identical for the
purposes of this assessment. The polymers evaluated as alternatives typically have average MWs
ranging from >1,000 to <100,000 daltons.

For polymers with relatively low average MWs (i.e., those with average MWs generally less than
2,000), the alternative assessment also determined the amount of oligomers and unchanged
monomers (starting materials) in the MW profile with MWs <1,000 daltons. Special attention
was paid to materials that have a MW <1,000 daltons as these materials often have the highest
hazard (potentially bioavailable substances) in the mixture. This type of assessment was similar
to the evaluation of the hazards of impurities present in discrete chemical products.
Methodological differences between the evaluation of discrete products and polymers are
discussed in Section 4.3.

For the Alternatives Assessment, there were chemicals that are mixtures of low MW oligomers
comprised of 2 or 3 repeating units. The hazard assessment evaluated all oligomers present.
From all the oligomers, the higher concern material was used to assign the hazard designation.
This process is essentially identical to the evaluation of the hazards associated with impurities or
byproducts present in discrete chemical products. As a result, the alternatives assessment process
determined the amount of oligomers and unchanged monomers (starting materials) present and
considered their potential hazards in the alternatives designation.

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

Physical-chemical properties provide basic information on the characteristics of a chemical
substance and were used throughout the alternatives assessment process. These endpoints
provide information required to assess potential environmental release, exposure, and
partitioning as well as insight into the potential for adverse toxicological effects. The physical-
chemical properties are provided in the individual chemical hazard profiles presented in Section
4.8. For information on how key physical-chemical properties of alternatives can be used to
address the potential for human and environmental exposure, please refer to Table 5-1.
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Descriptions of relevant physical-chemical properties and how they contribute to the hazard
assessments are presented below.

Molecular Weight (MW)

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

Melting Point and Boiling Point

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

In the absence of experimental data, the melting point value was not reported and no estimations
were performed. If a chemical decomposes before it melts, this information was included in the
assessment. For boiling point, the maximum value reported in the assessment was 300°C for
high boiling materials including polymers (U.S. EPA 1999b). Melting points for polymers and/or
oligomers were not reported as these materials typically reach a softening point and do not
undergo the phase change associated with melting (i.e., solid to liquid).

Vapor Pressure

Vapor pressure is useful in determining the potential for a chemical substance to volatilize to the
atmosphere from dry surfaces, from storage containers, or during mixing, transfer, or
loading/unloading operations (see Section 5.2). In the assessment process, chemicals with a
vapor pressure less than 1 x 10°® mm Hg have a low potential for inhalation exposure resulting
from gases or vapors. Vapor pressure is also useful for determining the potential environmental
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fate of a substance. Substances with a vapor pressure more than 1 x 10 mm Hg generally exist
in the gas phase in the atmosphere. Substances with a vapor pressure between 1 x 10“ and 1 x
10® mm Hg exist as a gas/particulate mixture. Substances with a vapor pressure less than 1 x 10°®
mm Hg exist as a particulate. The potential atmospheric degradation processes described below
in the reactivity section generally occur when a chemical exists in the gas phase. Gases in the
atmosphere also have the potential to travel long distances from their original point of release.
Materials in the liquid or solid (particulate) phases in the atmosphere generally undergo
deposition onto the Earth’s surface.

A maximum vapor pressure of 1 x 10® mm Hg was assigned for chemicals without experimental
data or for those substances that were anticipated by professional judgment to be nonvolatile
(U.S. EPA 2011e). The maximum vapor pressure of 1 x 10® mm Hg was also the default value
reported for the vapor pressure of polymers with a MW >1,000 daltons (U.S. EPA 2010d).

Water Solubility

The water solubility of a chemical provides an indication of its distribution between
environmental media, potential for environmental exposure through release to aquatic
compartments, and potential for human exposure through ingestion of drinking water. Water
solubility was also used extensively to determine potential human health and ecotoxicity hazards.
In general, chemicals with water solubility less than 1 x 10™ g/L indicate a lower concern for
both the expression of adverse effects, and potential aquatic and general population exposure due
to their low bioavailability. However, chemicals with a low bioavailability also tend to be more
environmentally persistent. Low bioavailability is different than no bioavailability, and the two
should not be used interchangeably.

Within the context of this alternatives assessment, the following descriptors were used according
to ranges of water solubility values: more than 10,000 mg/L was considered very soluble; 1,000—
10,000 mg/L represents soluble; 100-1,000 mg/L represents moderately soluble, 1-100 mg/L
represents slightly soluble, and less than 1 mg/L represents insoluble, noting that these guidelines
were not followed consistently within the scientific literature (U.S. EPA 2011e). Chemicals with
higher water solubility were more likely to be transported into groundwater with runoff during
storm events, be absorbed through the gastrointestinal tract or lungs, partition to aquatic
compartments, undergo atmospheric removal by rain washout, and possess a greater potential for
human exposure through the ingestion of contaminated drinking water. Chemicals with lower
water solubility are generally more persistent and have a greater potential to bioconcentrate.

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

While assessing the water solubility of a chemical substance, its potential to disperse in an
aqueous solution was also considered. Ideally, a chemicals potential to disperse would be
obtained from the scientific literature. In the absence of experimental data, the potential for
dispersion can be determined from chemical structure and/or comparison to closely related
analogs. There are two general structural characteristics that lead to the formation of dispersions
in water: (1) chemicals that have both a hydrophilic (polar) head and a hydrophobic (nonpolar)
tail (e.g., surfactants), and (2) molecules that have a large number of repeating polar functional
groups (e.g., polyethylene oxide).

The potential for a chemical to disperse influences potential exposure, environmental fate, and
toxicity. Dispersible chemicals have greater potential for human and environmental exposure,
leachability, and aquatic toxicity than what might be anticipated based on the material’s water
solubility alone.

Chemicals without experimental data or chemicals that were anticipated by professional
judgment to be sufficiently insoluble and thus were not bioavailable were assigned a water
solubility maximum value of 1 x 10° mg/L (U.S. EPA 2011e). A water solubility of 1 x 10
mg/L is the default value used for discrete organics as well as non-ionic polymers with a MW
>1,000 daltons according to information contained in the literature concerning polymer
assessment and the SF Polymer Assessment guidance (U.S. EPA 2010d). This assignment is
consistent with an analysis of the chemicals used in the development of the water solubility
estimation program in EPA’s EPISuite™ software. The training set for this model included
1,450 chemicals with a MW range 27-628 daltons and experimental water solubility values
ranging from miscible to 4 x 10" mg/L (Meylan, Howard et al. 1996; U.S. EPA 2011i). Given
that water solubility decreases with MW, a default value of 1 x 10”° mg/L is consistent with the
limited bioavailability expected for materials with a MW >1,000 daltons.

Octanol/Water Partition Coefficient (Kow)

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

The log Kow can be used as a surrogate for the water solubility in a hazard assessment and is
frequently used to estimate the water solubility if an experimental value is not available. It can
also be used to estimate other properties important to the assessment, including bioconcentration
and soil adsorption, and is a required input for SAR models used to estimate ecotoxicity values.
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For chemicals without data, that are not within the domain of EPISuite™ or that were expected
to be insoluble in water (WS <1 x 10 mg/L), a minimum value of 10 was assigned for the log
Kow (U.S. EPA 2011e). Insoluble chemicals that could be run through EP1Suite™ software may
use a log Koy >10 if the result appeared to be valid based on expert review. This assignment is
consistent with an analysis of the chemicals (“training set”) used in the development of the
octanol/water partition coefficient estimation program in the EP1Suite™ software. The training
set for this model included 10,946 chemicals with a MW range 18-720 daltons and experimental
log Kow values ranging from -3.89 to 8.70 (Meylan and Howard 1995; U.S. EPA 2011h). Given
that log Kow increases with MW, a default value of 10 is consistent with the limited
bioavailability expected for materials with a MW >1,000 daltons. A maximum log Ko, of -2 was
used for water soluble materials. For most polymers and other materials that are anticipated to be
insoluble in both water and octanol, the log Ko, cannot be measured and was therefore not listed.

Flammability (Flash Point)

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

Explosivity

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

pH

The pH scale measures how acidic or basic a substance is on a range from 0 to 14. A pH of 7 is
neutral. A pH less than 7 is acidic, and a pH greater than 7 is basic. This scale is used primarily
to identify potential hazards associated with skin or eye contact with a chemical or its aqueous
solutions. The corrosive nature of chemicals that form either strongly basic (high pH) or strongly
acidic (low pH) solutions are generally likely to result in harm to skin and other biological
membranes. For corrosive chemicals, some experimental studies, such as biodegradation tests,
require additional analysis to determine if the tests were performed at concentrations that cause
harm to microbes in the test (and, therefore, may result in incorrectly identifying a chemical as
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persistent in the environment). For chemicals that form moderately basic or acidic solutions in
water, the pH of the resulting solution can be used in lieu of a measured dissociation constant.

Dissociation Constant in Water (pKa)

The dissociation constant determines if a chemical will ionize under environmental conditions.
The dissociation constant in water provides the amount of the dissociated and undissociated
forms of an acid, base, or organic salt in water. Knowledge of the dissociation constant is
required to assess the importance of the other physical-chemical properties used in the hazard
assessment. As the percentage of ionization increases, the water solubility increases while the
vapor pressure, Henry’s Law constant, and octanol/water partition coefficient decrease. For acids
and bases, the dissociation constant is expressed as the pKa and pKg respectively.

Henry’s Law Constant

Henry’s Law constant is the ratio of a chemical’s concentration in the gas phase to that in the
liquid phase (at equilibrium). In environmental assessments, the Henry’s Law constant is
typically measured in water at 25°C. The Henry’s Law constant provides an indication of a
chemical’s volatility from water, which can be used to derive partitioning within environmental
compartments and the amount of material removed by stripping in a sewage treatment plant.
Henry’s Law constant values less than 1 x 107 atm-m*/mole indicate slow volatilization from
water to air (the Henry’s Law constant for the volatilization of water from water is 1 x 10" atm-
m?*/mole) and values more than 1 x 10 atm-m®mole indicate rapid volatilization from water to
air. To aid in determining the importance of volatilization, the assessment uses two models based
on the Henry’s Law constant. These models determine the half-life for volatilization from a
model river and a model lake. A maximum value of 1 x 10 atm-m®mole for the Henry’s Law
constant was assigned for chemicals without experimental data or for those that were anticipated
by professional judgment to be nonvolatile.

Sediment/Soil Adsorption/Desorption Coefficient (Koc)

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

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

A maximum value of 30,000 for the K. was assigned for chemicals without experimental data or
for those that were anticipated by professional judgment to be strongly absorbed to soil (U.S.
EPA 2011e). A default Ko of 30,000 was used for polymers with a MW >1,000 daltons.

Reactivity

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

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

For inorganic compounds, an additional chemical process was considered, the potential to be
reduced or oxidized (undergo a redox reaction) under environmental conditions. Redox reactions
change the oxidation state of the species through the transfer of electrons to form another
compound (such as the reduction of Cr(VI) to Cr(l11)). A change in the oxidation state of a metal
or inorganic species can result in significant changes in the material’s hazard designation. In this
example, going from Cr(VI) to Cr(I11) makes the compound less toxic.

Environmental Transport

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

Biodegradation

In the absence of rapid hydrolysis or other chemical reactions, biodegradation is typically the
primary environmental degradation process for organic compounds. Determining the importance
of biodegradation is, therefore, an important component of the assessment. Biodegradation
processes are divided into two types. The first is primary biodegradation, in which a chemical
substance is converted to another substance. The second is ultimate biodegradation, in which a
chemical is completely mineralized to small building-block components (e.g., CO, and water).
DfE persistence criteria use data that are reported as percent of theoretical ultimate degradation
in the guideline Ready Biodegradability test or as a half-life in other experimental studies; both
of these measurements can be compared directly to the DfE criteria in 4.1.2. When considering
primary degradation, the assessment process includes an evaluation of the potential for the
formation of metabolites that were more persistent than the parent materials. Chemical
substances that undergo rapid primary degradation but only slow ultimate biodegradation were
considered to have stable metabolites. In the absence of measured data on the substance of
interest, DfE evaluated the potential for biodegradation for chemicals with a MW <1,000 daltons
using the EPA EPISuite™ models. EPISuite™ estimates the probability for ready biodegradation
as well as the potential for primary and ultimate removal, as described in Section 4.3. A default
Very High persistence hazard designation was assigned for polymers with a MW >1,000 daltons
according to information contained in the literature concerning polymer assessment and the SF
Polymer Assessment guidance (U.S. EPA 2010d).

4.4 Evaluating Human Health Endpoints

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

4.4.1 Endpoints Characterized and Evaluated Against Criteria Based on Measured Data

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

For acute mammalian toxicity the median lethal doses or concentrations were used to assign the

hazard designation. Four levels of hazard designation have been defined ranging from Low to
Very High.
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For cancer the hazard designation was contingent on the level of evidence for increased
incidence of cancer, and not potency. The definitions applied in DfE criteria are based on
International Agency for Research on Cancer levels of evidence (International Agency for
Research on Cancer 2006). For example, a designation of Very High concern requires that the
substance be characterized as a “known or presumed human carcinogen”, whereas a designation
of Low concern requires either negative studies or robust SAR conclusions. A designation of
Moderate was applied as a default value when there was an absence of data suggesting High
carcinogenicity, and an absence of data supporting Low carcinogenicity (i.e., a lack of negative
studies or weak SAR conclusions).

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

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

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

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

12 Generally, weight of evidence is defined as the process for characterizing the extent to which the available data
support a hypothesis that an agent causes a particular effect (U.S. EPA 1999a).
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4.4.2 SAR - Application of SAR and Expert Judgment to Endpoint Criteria

If measured data pertaining to human health criteria were not available, potential adverse effects
were estimated with SAR analysis. To make these estimates, DfE relied on the expertise of
scientists in EPA’s New Chemicals Program who have reviewed thousands of chemicals and
associated data using these methods. SAR uses the molecular structure of a chemical to infer a
physicochemical property that can be related to specific effects on human health. These
correlations may be qualitative (“simple SAR”) or quantitative (QSAR). Information on EPA’s
use of SAR analysis has been published by U.S. EPA (1994a). Public access to free validated
quantitative SAR models for human health endpoints is far more limited than physical-chemical
properties, environmental fate parameters, or ecotoxicology. Carcinogenicity was assessed using
the OncoLogic expert system that provides a qualitative result directly applicable to the DfE
criteria. For other endpoints that required SAR approaches, an analog approach using expert
judgment was used as discussed in Section 4.2. All estimates obtained in this project were
reviewed by EPA scientists having subject matter expertise. Estimates for the other human health
endpoints were based on expert judgment using an analog approach and not through the use of
computerized SAR methodologies.

Carcinogenicity

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

Polymer Assessment

Estimates for polymers were obtained using information contained in the literature concerning
polymer assessment and the SF Polymer Assessment guidance based on the MW profile (U.S.
EPA 2010d). Those polymers with MW >1,000 were assessed using an appropriate
representative structure that has a MW less than or equal to the average MW. For polymers with
an average MW >1,000 daltons and a significant amount of low MW material <1,000 daltons,
the low MW components were also assessed for their environmental fate and potential toxicity in
order to identify any possible hazards for the most bioavailable fraction. Similarly, the presence
of unreacted monomers requires that the assessment consider these components for polymers of
any MW range. The properties for polymers with an average MW >1,000 with no low MW
components were generally evaluated as a single high MW material for each of the properties
described below. In general, polymers with an average MW >1,000 were not amenable to the
available SAR estimation methods and based on the literature are assumed to have low to no
bioavailability. Polymers with MW >1,000 that were not degradable or reactive are also typically
not bioavailable. Polymers with an average MW >10,000 have potential for adverse effects due
to lung overloading when respirable particles are present (less than ten microns). The potential
for fibrosis or cancer are not assumed with high MW compounds. There may be exceptions to
the rules of thumb outlined above and as such this guidance should not be held as absolute
thresholds.
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Polymers and oligomers with MWs <1,000 were assessed using a representative structure for all
the MW species anticipated to be present in the mixture. The procedures were essentially
identical to those employed for the evaluation of impurities or byproducts in discrete chemicals,
although in this case the oligomer with the highest concern was used to drive the hazard
designation. Unreacted monomers, if present, were also assessed and considered in the hazard
evaluation.

4.5 Evaluating Environmental Toxicity and Fate Endpoints

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

45.1 Aquatic Toxicity

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

= Acute (estimated or experimental) - LCso or ECs in mg/L

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

= Chronic (estimated) - ChV, or the geometric mean between the NOEC and the LOEC, in
mg/L

Experimental data and estimates reported in the alternatives assessment include information on
the species tested and typically focus on freshwater aquatic organisms. Test data on other
organisms (e.g., worms) were included in the assessment if data or models were readily
available. These data would be evaluated using professional judgment in support of the hazard
designations assigned using the three surrogate freshwater species; however, they were not used
exclusively to assign a hazard designation as DfE criteria are not available. For the estimated
results from ECOSAR™, the equations are derived from surrogate species of fish, zooplankton,
and phytoplankton. While these surrogate species can comprise several genera as well as
families, the equations are not intended to be species specific, but rather estimate toxicity to the
general trophic levels they represent (Mayo-Bean, Nabholz et al. 2011).

If an experimental or estimated effect level exceeded the known water solubility of a chemical
substance, or if the log K. exceeded the ECOSAR™ cut-off values for acute and chronic
endpoints (which are class specific), No Effects at Saturation (NES) were determined for the
aquatic toxicity endpoints. NES indicates that at the highest concentration achievable, which is
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the limit of a chemical’s water solubility, no adverse effects were observed (or would be
expected). In these cases, a Low hazard designation was assigned. In the cases where both an
estimated water solubility and ECOSAR™ estimate were used, then an additional factor of ten
was applied to the water solubility before a NES designation was assigned to account for the
combined uncertainty in the model estimates.

In the case where an experimental aquatic toxicity value was significantly higher than the
chemical’s water solubility, it was likely the result of a poorly conducted study. In this
circumstance, which is generally more frequent for formulated products or mixtures, additional
details were provided in the data quality section to describe why the reported values could not be
used to assign a hazard designation. No effects at saturation are also expected in most cases for
insoluble organics, oligomers, or non-ionic polymers with a MW >1,000 daltons resulting in an
overall low hazard concern for aquatic toxicity (Nabholz, Clements et al. 1993).

EPA’s ECOSAR™ estimation program uses chemical structure to estimate toxicity of a
substance using class-specific QSARs. ECOSAR™ automatically determines all classes that a
chemical may be related to based on the molecular features of the substance and, therefore, may
provide multiple class-specific estimates for some or all of the species and durations estimated
(Mayo-Bean, Nabholz et al. 2011). Modeled results are dependent on the functional groups
present on the molecule as well as the diversity of chemicals with experimental data used to
build the models (the training set). The hazard profiles report estimates for every class identified
by ECOSAR™. However, the hazard designation was based on the most conservative
ECOSAR™ estimate (highest hazard value). If professional judgment indicates that certain
class-specific estimates were not appropriate for a particular substance, the narcosis (baseline
toxicity) associated with the neutral organic class will be used. Experimental log Ko, values were
used preferentially as input into ECOSAR™. In their absence, estimated log Ko, values from
EPISuite™ were used. ECOSAR™ is maintained and developed as a stand-alone program
(http://www.epa.gov/oppt/newchems/tools/21ecosar.htm), but is also accessible through the EPA
EPISuite™ program after it is installed; therefore the Estimations Program Interface (EPI)
program may also be used as a citation for the ECOSAR™ values in this report.

There were instances where sufficient experimental data are not available to build a chronic
QSAR for some of the three surrogate species. When ECOSAR™ did not provide chronic
estimates, the acute value (experimental or estimated) was divided by an acute to chronic ratio
(ACR) to arrive at the ChV. ACRs of 10 were used for fish and daphnid and an ACR of 4 was
used for algae (Rand, Wells et al. 1995).

45.2 Bioaccumulation

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

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

In the absence of experimental data, evaluation of bioaccumulation potential can be done using
the log Kow and the log octanol/air partition coefficient Ko, as estimated by EPISuite™.
However, analysis using Ko, requires the use of metabolism data for higher trophic, air breathing
organisms, which can be difficult to obtain from the scientific literature and cannot be readily
estimated. BAFs and BCFs from EP1Suite™ were, therefore, typically used for the
bioaccumulation hazard designation when experimental data were lacking. These values can be
compared directly to DfE criteria and the most conservative result was used for the hazard
designation. For chemicals that had estimated bioaccumulation data, available experimental
monitoring data were used to provide insight into the reliability of the model results. For
example, an estimated Low bioaccumulation potential may be increased to a Moderate
designation if a chemical was routinely identified in samples from higher trophic levels, or a
High designation if the chemical was routinely measured in animals at the top of the food chain.

An estimate of Low is the default value used for discrete organics with a MW >1,000 daltons in
the assignment of bioaccumulation hazard. This assignment is consistent with an analysis of the
chemicals used in the development of the bioconcentration and bioaccumulation estimation
programs in the EP1Suite™ software (U.S. EPA 2011g). The training sets for these models
included 527 and 421 chemicals, respectively, with a MW range 68-992 daltons (959 daltons for
BAF). Given that BCF and BAF reach a maximum and then decrease with increasing log Koy, a
default value of Low is, in general, consistent with the limited bioavailability expected for
materials with a MW >1,000 daltons. DfE will use all available well-conducted studies when
evaluating bioaccumulation potential for materials with a MW >1,000, including environmental
biomonitoring data on higher trophic levels.

In general, for polymers with a MW >1,000 daltons, the default bioaccumulation designation of
Low was assigned, arising from their predicted limited bioavailability (U.S. EPA 2010d). A
more detailed analysis was performed for compounds at or near this bright line cutoff as well as
for polymers with components where residuals <1,000 had the potential to be present.

4.5.3 Environmental Persistence

A chemical’s persistence in the environment is evaluated by determining the type and rate of
potential removal processes. These removal processes were generally divided into two
categories: chemical and biological. Of the chemical degradation processes, an evaluation of
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environmental persistence includes the reaction of a chemical with water, also known as
hydrolysis, because water is ubiquitous in the environment. Hydrolysis rate constants can be
obtained from the literature or estimated, and the resulting half-lives can be compared directly to
DfE criteria. For commercial chemicals, hydrolysis tends to be a slower environmental removal
process than biodegradation. Direct and indirect photolysis also represents other potential
chemical degradation processes that are considered in the alternative assessment, and they are
discussed later in this section.

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

If ultimate biodegradation data were not available, primary removal data were used in some
cases. For primary removal processes, the potential for the formation of degradation products
that are more persistent than the parent compounds must be considered in the hazard designation.
When present, the persistent degradation products should be evaluated for fate and toxicity. Half-
life data on the persistent degradation products, if available, were used to determine the
assignment for the persistence designation. In the absence of persistent degradation products,
primary biodegradation half-life data were compared directly to the DfE criteria to assign a
hazard designation.

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

One aspect of the assessment is to determine the potential for removal of a chemical substance,
and especially removal attributable to biodegradation within a sewage treatment plant and other
environments. In this assessment, the term “ready biodegradability” refers to a chemical’s
potential to undergo ultimate degradation in guideline laboratory studies. A positive result in a
test for ready biodegradability can be considered as indicative of rapid and ultimate degradation
in most environments including biological sewage treatment plants. Ready tests typically
include a 10-day window, beginning when the biodegradation parameter (e.g., disappearance of
dissolved organic carbon from test substance, or theoretical oxygen demand) reaches 10%. The
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10-day window must occur within the 28-day length of the test. If the pass level of the test (60%
for oxygen demand and CO2 production; 70% for dissolved organic carbon disappearance) is
met in the 10-day window, the chemical received a Very Low hazard designation. Those that did
not pass the 10-day window criterion but met the pass level in 28 days received a Low hazard
designation. If ready biodegradability test data were available but the chemical did not meet the
pass level, the chemical was evaluated based on measured data using the DfE half-life criteria
(Table 4-1). These half-life criteria were also used to assign a hazard designation for
nonguideline ultimate biodegradation studies reported in the scientific literature.

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

When experimental data on the biodegradation of a chemical substance were not available, the
potential of that substance to undergo this removal process was assessed from the results of the
EPISuite™ models. These models fall into one of four classes: Rapid biodegradation models
based on linear and non-linear regressions that estimate the probability that a chemical substance
will degrade fast; expert survey models that estimated the rate of ultimate and primary
biodegradation using semi-quantitative methods; probability of ready biodegradability in the
Organisation of Economic Cooperation and Development (OECD) 301C test; and probability of
rapid biodegradation under methanogenic anaerobic conditions. Each of these is discussed in the
following paragraphs.

The first models (Biowin 5 and 6) used in the screening assessment estimated ready
biodegradability in the OECD 301C test and are also known as Japanese Ministry of
International Trade and Industry (MITI) models. These models provided the probability that a
material passes this standardized test. Those chemicals that were estimated to pass the ready
biodegradability test received a Low persistence designation. If a chemical was not estimated to
pass the MITI test, the results of the other EPISuite™ biodegradation models were used.

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

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

When evaluating the environmental persistence designation, it should be noted that chemicals
with a High or Very High designation can degrade over time, although this process may occur at
a very slow rate. As a result, a Very High designation may have been assigned if persistent
degradates were expected to be produced, even at a very slow rate, in the absence of
experimental biodegradation data for the parent substance.

Chemicals that contain a metal were assigned a High persistence designation in the assessment,
as these inorganic moieties are recalcitrant. In this instance, an ‘R’ footnote was added to the
hazard summary table to indicate that the persistence potential was based on the presence of a
recalcitrant inorganic moiety. The assessment process also included the evaluation of the
potential chemical reactions of metal-containing and inorganic moieties to determine if they were
potentially transformed to more or less hazardous forms.

Polymers with a MW >1,000 generally received a Very High persistence designation due to their
lack of bioavailability.

4.6 Endocrine Activity

Chemicals included in DfE alternatives assessments were screened for potential endocrine
activity, consistent with the DfE Alternatives Assessment Criteria. Endocrine activity refers to a
change in endocrine homeostasis caused by a chemical or other stressor. An endocrine
disruptor is an external agent that interferes in some way with the role of natural hormones in
the body, in a manner causing adverse effects. Relevant data are summarized in the hazard
assessments for each chemical, located in Section 4.8. Data on endocrine activity were available
for decaBDE and some of the alternatives included in this report. For chemicals without
available data on endocrine activity, this was acknowledged with a “no data located” statement.
When endocrine activity data were available, the data are summarized as a narrative. A unique
hazard designation of Low, Moderate or High is not provided for this endpoint in Table 4-2, for
reasons discussed below.

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

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

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

To assess the data on endocrine activity, DfE applies the weight of evidence approach developed
by the EDSP (U.S. EPA 2011c). This process integrates and evaluates data, and always relies on
professional judgment (U.S. EPA 2011c). To evaluate endocrine activity with this weight of
evidence approach, DfE examined multiple lines of evidence (when available) and considered
the nature of the effects within and across studies, including number, type, and
severity/magnitude of effects, conditions under which effects occurred (e.g., dose, route,
duration), consistency, pattern, range, and interrelationships of effects observed within and
among studies, species, strains, and sexes, strengths and limitations of the in vitro and in vivo
information, and biological plausibility of the potential for an interaction with the endocrine,
androgen, or thyroid hormonal pathways.

Most test data for chemicals in this report consist of in vitro assays, but results of in vitro assays

13 Information on the status of assay development and validation efforts for each assay in EPA’s EDSP can be found
at: http://www.epa.gov/oscpmont/oscpendo/pubs/assayvalidation/status.htm
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alone were not generally expected to provide a sufficient basis to support a hazard designation
for endocrine disruption. EPA expects that in vivo evidence would typically be given greater

Chemical Alternatives and the Toxic Substances Control Act

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

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

TSCA and DfE Alternatives Assessments

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

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

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

overall influence in the weight of evidence evaluation than in vitro findings because of the
inherent limitations of such assays. Although in vitro assays can provide insight into the mode of
action, they have limited ability to account for normal metabolic activation and clearance of the
compound, as well as normal intact physiological conditions (e.g., the ability of an animal to
compensate for endocrine alterations).

As described in the DfE Alternatives Assessment Criteria, endocrine activity was summarized in
a narrative, rather than by High, Moderate or Low hazard designation. The endocrine activity
summaries can be found in the hazard profiles. This is an appropriate approach because there is
no consensus on what constitutes high, moderate or low concern for this endpoint. The summary
of endocrine activity largely relies on representative studies and expert review summaries.
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4.7 Hazard Summary Table

Table 4-4 Screening Level Hazard Summary for DecaBDE and Halogenated Flame Retardant Alternatives
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the substance
including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard information in the table.

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

$ Based on analogy to experimental data for a structurally similar compound. & This alternative may contain impurities. These impurities have hazard designations that differ from the
flame retardant alternative, Brominated poly(phenylether), as follows, based on experimental data: HIGH for human health, HIGH for aquatic toxicity, VERY HIGH for bioaccumulation,
and VERY HIGH for persistence.” This chemical is subject to testing in an EPA consent order for this endpoint.

Human Health Effects T%?(?C?’E/E* Envirlc:);\:: ental
c c
z - = 2 S
g g 2 -g g S § '-§ >5 '5 g ) zsc
5/ 8| 2| S| E| 5| g |2 |sg|E|= s | E
Chemical S 21 28| 8| S| 8|8 |SE|E|B|s|E| 2|3
(for full chemical name and relevant trade names see = e 2 = 2 5 s < 23| g £ = o > §
the individual profiles in Section 4.8) CASRN | & | S| &6 | & | 8| 2 | & | & |ed| @| 88| X]| G & @
DecaBDE and Halogenated Flame Retardant Alternatives
DecaBDE and Discrete Halogenated FR Alternatives
Bis(hexachlorocyclopentadieno) Cyclooctane | 13560-89-9 | L | Mm® | Mm® | VL | VL | L | | L | | VL | L | L | L | VH | H
Brominated Poly(phenylether) Confidential | Lo L Vig | Mo Lo Lo L L |vL | L Lo VHT H™o
Decabromodiphenyl Ethane | 84852-53-9 | L | Mm® | L | L | HS | L | L | L | | VL | VL | L | L | VH |
Decabromodiphenyl Ether [ 1163195 | L | L L[] L] [ L] o]l [ vH |
Ethylene Bis-Tetrabromophthalimide | 32588-76-4 | L | M | L | L | M® | L | L | L | | VL | VL | L | L | VH |
Tetrabromobisphenol A Bis (2,3-dibromopropyl)
Ether 21850-44-2 | L M M M L M L L L L L VH H
Tris(tribromoneopentyl) Phosphate | 19186-97-1 | M | M | L | M | M | H | L | L | | L | L | L | L | H | M
Tris(tribromophenoxy) Triazine ‘ 25713-60-4 ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ L ‘ ‘ L ‘ VL ‘ L ‘ L ‘ VH ‘ H

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

4-29




Table 4-4 Continued

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (\VL, L, I/, H, and VVH) were assigned

based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

9 This hazard designation would be assigned MODERATE if >5% of the particles are in the respirable range as a result of dust forming operations.

+ Different formulations of the commercial product are available. One of these many formulations has an average MW of ~1,600 and contains significant amounts of lower MW
components. These lower MW components have hazard designations different than the polymeric flame retardant, as follows: HIGH (estimated) for bioaccumulation; HIGH
(experimental) for acute aquatic toxicity; HIGH estimated for chronic aquatic toxicity; MODERATE (experimental) for developmental; and MODERATE (estimated) for
carcinogenicity, genotoxicity, repeated dose, reproductive, and skin and respiratory sensitization toxicity.
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Halogenated Flame Retardant Alternatives Continued

Polymeric Halogenated FR Alternatives”

Brominated Epoxy Polymers | 68928-70-1 | L | Le | L | Le | Le | L | Le* | L | . | L | | Le | Le | VH Le

Brominated Epoxy Polymer(s) Confidential | L Le Le Le Le L Le? | Le * L L | Le | Lo VH Le

Mixture of brominated epoxy polymer(s) and

i i d
bromobenzyl acrylate Confidential | L | Le | Le | Le | Le L | Le? | Le * L | L |Le|Le | VH Le

Brominated Epoxy Resin End-Capped with

d
Tribromophen 1352294480 | L | L | L L L L | L L L vl L | L | VH L
Brominated Polyacrylate | 59447-57-3 | L | L | L | L | L | L | L° | L | | L | L | L | L | VH | L
Brominated Polystyrene (88497567 [ L [ L [ L [ L [ o [ L [ L | ol o[ va | L

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

P The range of polymer molecular weight can be broad. The polymers listed here have low toxicity for human health and aquatic endpoints. Not all polymers will have this low toxicity;
hazards will vary with physical-chemical properties.
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Table 4-5 Screening Level Hazard Summary for Organic Phosphorus or Nitrogen Flame Retardant Alternatives
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the substance
including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard information in the table.

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

S Based on analogy to experimental data for a structurally similar compound.

* The highest hazard designation of any of the oligomers with MW <1,000.

® The highest hazard designation of a representative component of the oligomeric mixture with MWs <1,000.

Human Health Effects T'%?(;“L?:;E* Envirlc:);\{: ental
C c
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Chemical S| S| €8 | & || §| 8 |E2\E|B || EE| 2 |3
(for full chemical name and relevant trade names = o 2 s 2 5 s | &2 o E | £ S P §
see the individual profiles in Section 4.8) CASRN ! S 3 & a 2 x S e8| | 8| & 6 & o
Organic Phosphorus or Nitrogen Flame Retardant (PFR or NFR) Alternatives
Discrete PFR, NFR and P/NFR Alternatives
Substituted Amine Phosphate Mixture ! | Confidential | H | M | M | M | M | L | M | L | M® | |VL| M | L | H | L
Triphenyl Phosphate | 1586 | L | wm | L [ | L | L [ H] | L [ve[vH]vH ] L |
Polymeric PFR and NFR Alternatives
Bisphenol A bis-(diphenyl phosphate); BAPP | 182028795 | L [ M [ L [ L [ [t ] L | L | NN
Melamine Cyanurate’ | 37640576 | L [ m | m [ M | M | L [ 0| L | ool vH | L
Melamine Polyphosphate’ [ 15541603 | L [ m [ M [ ] L [ 5] M [ L | e fvel ol o[ 1 | L
N-alkoxy Hindered Amine Reaction Products | 101680816 | L | M | L | H | H | L | H | L | L [velH ]| H] B | H

“"Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that may
partition to sediment and particulates.
! Hazard designations are based upon the component of the salt with the highest hazard designation, including the corresponding free acid or base.

4-31




Table 4-5 Continued

VL = Very Low hazard L =Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, I/, H, and VH) were assigned

based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from predictive models and/or professional judgment.

9 This hazard designation would be assigned MODERATE if >5% of the particles are in the respirable range as a result of dust forming operations

S Based on analogy to experimental data for a structurally similar compound.

¥ The highest hazard designation of any of the oligomers with MW <1,000.

¥ Phosphonate Oligomer, with a MW range of 1,000 to 5,000, may contain significant amounts of an impurity, depending on the final product preparation. This impurity has hazard
designations that differ from the polymeric flame retardant, as follows: MODERATE (experimental) for carcinogenicity, reproductive and repeated dose toxicity, skin sensitization,
eye and dermal irritation; and HIGH (experimental) for developmental toxicity and acute and chronic aquatic toxicity.
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see the individual profiles in Section 4.8) CASRN ! S 3 & a 2 i S |leg|l | &8 & 6 & o

Organic Phosphorus or Nitrogen Flame Retardant (PFR or NFR) Alternatives Continued

Polymeric PFR and NFR Alternatives

Phosphonate Oligomer* 68664-06-2 L | ™ LS L¥ L¥ ME oL | L M¥ | MF | LY | HE VH H*

Polyphosphonate 68664-06-2 L L L L L L L’ L L | L | L L VH L

Phosphoric acid, mixed esters with [1,1'-bisphenyl- 9a. 5 5 § § t

4,4-diol] and phenol: BPBP 1003300-73-9 | L M L L L L L L VL | VL | H H H M

Poly[phosphonate-co-carbonate] | 77226-90-5 | L | L | L | L | L | L | L | L | | L | L | L | L | VH | L

Resorcinol Bis-Diphenylphosphate; RDP | 125997-21-9 | L | M3 | L | L | | | | L | | L | VL | VH | VH | | H*

“Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that may
partition to sediment and particulates.
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Table 4-6 Screening Level Hazard Summary for Inorganic Flame Retardant Alternatives
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the substance
including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard information in the table.

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

? This hazard designation would be assigned MODERATE if >5% of the particles are in the respirable range as a result of dust forming operations.

R Recalcitrant: Substance is comprised of metallic species that will not degrade, but may change oxidation state or undergo complexation processes under environmental conditions.

“ Ongoing studies may result in a change in this endpoint.

Human Health Effects TAq'.Ja.‘tiE* Environmental
oxicity Fate

> . |8 g 5

> = o = = =

5 g 2 é g § é :g E‘g é g © (_36

S| & | 8 S £ S | o 2 28| & | = 2 =

Cherical Sl £l 8| B | & || 5|8 |EE|E|2|e| E| 2 | B

(for full chemical name and relevant trade names 5| 8 2 S g 5 S| |22 2| E| 5 2 2 g

see the individual profiles in Section 4.8) CASRN g1 8 3 ¥ a Z X S |les| @ | 8] & 6 & o
Inorganic Flame Retardant Alternatives

Aluminum Diethylphosphinate | 225789-38-8 | L | L | L | VL | M | M | M | L | | L |VL| | | HR | L

Aluminum Hydroxide | 21645512 | L [ L | L [ L [ L | [ m [ L] v v M | M [ HR | L

Ammonium Polyphosphate [ 68333799 | L [ L [ L [ L [ L [ o [ 9] L | v [ [l | v | L

Antimony Trioxide® | 1309644 | L [ " [ m [ L[] n ] L[ wv ] H] | W[ L

Magnesium Hydroxide | 1309-42-8 | L | L | L | L | L | L | L | L | | | L | L | L | HR | L

Red Phosphorus [ 7723140 [ L] M o] o] ] | vl o[ v | L

Zinc Borate | 1332076 | L[ L[ H M [ wmM][Hu L ]| L] L[]l | R L

“Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that may
partition to sediment and particulates.
! This compound is included in the ongoing EPA Work Plan evaluation for Antimony Trioxide.
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4.8 Hazard Evaluations

Aluminum Diethylphosphinate

Screening Level Hazard Summary
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the
substance including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard
information in the table below.

VL =Very Low hazard L = Low hazard |/ = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, I/, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from estimation software and professional judgment.
R Recalcitrant: Substance is comprised of metallic species that will not degrade, but may change oxidation state or undergo complexation processes under environmental conditions.

Human Health Effects Aquatic | Environmental
Toxicity Fate
c

> S S S
> X < (<5} = =
5 2 > S g = 8 .‘§ c| & pi =
2 c = = ) o (@] = 9| = = @ >

3 S e o = 7] o= © — o
o > = S S > ° 2 |18x| = — < £
= o x S o o Q S © N| ‘T — 2 Q 3
= 2 o =] S © » |E5| = < c 2 3]
3 'S o = ) ju J<5) s - e ot o = e
. 3| &8 | 5| 8| 2| 2| 8| =z |85 &| 5| 3|g| 5 S
Chemical CASRN < O O o a zZ o % |ed| @ @) < O & m
Aluminum Diethylphosphinate | 225789-38-8 | L | L | L | VL | M | M | M | L | | L | VL | | | HR L

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

CASRN: 225789-38-8

\ 1 _r/ MW: 390.27

| _ MF: 3 C4H11P02'A|

Physical Forms:
3+ Neat: Solid

. _ Al - Use: Flame retardant
v 0O o_ /
~-P P
(0] *;} /0
/ \

SMILES: CCP(=0)(CC)O[AI](OP(=0)(CC)CC)OP(=0)(CC)CC

Synonyms: Exolit OP 930; Aluminium diethylphosphinate; Aluminium tris(diethylphosphinate)

Chemical Considerations: This alternative is an inorganic compound and in the absence of experimental data, professional judgment using chemical class and
structural considerations were used to complete this hazard profile.

Polymeric: No
Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: None

Analog: Confidential aluminum metal salts /Analog Structure: Not applicable

Endpoint(s) using analog values: Absorption, distribution, metabolism &
excretion, carcinogenicity, developmental toxicity, immunotoxicity,
neurotoxicity, repeated dose effects

Structural Alerts: Not applicable

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

Hazard and Risk Assessments: Hazard assessment in Design for the Environment Alternatives Assessment for Flame Retardants in Printed Circuit Boards, Review
Draft, November 8, 2008 (EPA, 2008).
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

Decomposes at 315 (Measured)

Submitted confidential study

Decomposes at 300 (Measured)

Submitted confidential study

>400 according to EU Method A.1

using differential scanning calorimetry

(Measured)

ECHA, 2013; Submitted
confidential study

Adequate.

Decomposes at 330 (Measured)

De Boysere and Dietz, 2005

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

Decomposes at >300 (Measured)

Clariant, 2007

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

>400 (Measured)

NICNAS, 2005

Sufficient details were not available
to assess the quality of this study.
Reported for a commercial
formulation.

Boiling Point (°C)

Expected to decompose before boiling

(Estimated)

Professional judgment

Based on available data for melting
point.

Vapor Pressure (mm Hg)

<10® (Estimated)

Professional judgment; EPA,
1999

Cutoff value for compounds that are
anticipated to be nonvolatile,
according to HPV assessment
guidance.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Water Solubility (mg/L)

2.5x10°% (Measured)

Submitted confidential study

Sufficient details were not available
to assess the quality of this study.
Aluminum diethylphosphinate has
low wettability and very slow
dissolution. This gives a kinetically
controlled solubility of <1 mg/L by
guideline 92/69/ European Economic
Community (EEC) A.6. If aluminum
diethylphosphinate is formed by
precipitation of a soluble salt, the
remaining equilibrium solubility of
2.5x10° mg/L is found. This can be
assumed to be the true limit of
solubility under ideal conditions.

<1 (Measured)
According to EU Method A.6

ECHA, 2013;
Submitted confidential study

Guideline study; aluminum
diethylphosphinate has low
wettability and very slow dissolution.
If aluminum diethylphosphinate is
formed by precipitation of a soluble
salt, the remaining equilibrium
solubility of 2.5x10% mg/L is found,
which can be assumed to be the true
limit of solubility under ideal
conditions.

<1 (Measured)
According to EU Method A.6

NICNAS, 2005;
Submitted confidential study

Reported in a secondary source for a
commercial formulation.

Log Kow

-0.44 (Estimated)

Stuer-Lauridsen et al., 2007;
Beard and Marzi, 2005

Reported in a secondary source; it is
unclear whether this value reflects the
chemical’s low water solubility or its
lipophobicity.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Flammability (Flash Point)

Not readily combustible according to
guideline 96/69/EEC, test A.10.
(Measured)

Submitted confidential study

Guideline study.

No self-ignition below 402°C (Measured)

ECHA, 2013; Submitted
confidential study

Adequate.

Explosivity Not expected to form explosive mixtures |Professional judgment No data located; based on its use as a
with air (Estimated) flame retardant.
Pyrolysis Major products are diethylphosphinic acid, |Beard and Marzi, 2005 Study details and test conditions were
ethylphosphonic acid, phosphoric acid, not available.
and their respective salts (Measured)
pH 4.0 (Measured) Beard and Marzi, 2005 Value was reported in conference
presentation authored by Clariant
Corp. and UMSICHT. Value suggests
the potential for dissolution.
pK, Dissociated within 24 hours at pH 4.5 NICNAS, 2005 Available data suggest that this

during Japanese Ministry of International
Trade and Industry (MIT]I) test (Measured)

compound is likely to dissociate
under environmental conditions.
However, it has potential for
dissociation as a function of pH that
will have a significant influence on
its environmental fate. Available data
are not adequate to assess its
dissociation under typical
environmental conditions. Reported
for a commercial formulation.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

HUMAN HEALTH EFFECTS

Toxicokinetics

Based on estimates of physical and chemical properties, analogs, and professional judgment, aluminum
diethylphosphinate is determined to not be readily absorbed through skin but is absorbed through the

inhalation of dust and oral exposure.

Dermal Absorption in vitro

No data located.

Absorption,
Distribution,
Metabolism &
Excretion

Oral, Dermal or Inhaled

Absorption as neat solid negligible
through skin. Absorption good through
lungs. Absorption good through
gastrointestinal tract. (Estimated)

Professional judgment

Estimates based on
physical/chemical properties and
confidential analogs.

Male rats (2/dose group) administered
(unradiolabeled) test substance via single
oral gavage at 180 and 1,000 mg/kg
bw/day.

Only a small amount of the administered
dose was absorbed by the gastro-
intestinal tract. The major route of
elimination was in the feces (unabsorbed
fraction) and a small amount of free test
substance was detected in the urine.
After 36 hours, no test substance was
detected.

Submitted confidential study

Study details from an abstract
reported in a confidential
submission; study conducted
according to Organisation of
Economic Cooperation and
Development (OECD) 417; small
number of animals tested.

Acute Mammalian

Toxicity

LOW: Experimental studies indicate that oral and dermal routes to rats

do not produce substantial

mortality at levels up to 2,000 mg/kg. No lethality data were located for inhalation exposure.

Acute Lethality

Oral Rat oral LDs;>2,000 mg/kg NICNAS, 2005; Submitted Reported in a secondary source for
confidential study a commercial formulation. Test
substance was Exolit OP 930.
Dermal Rat dermal LDsy>2,000 mg/kg NICNAS, 2005; Submitted Reported in a secondary source for
confidential study a commercial formulation. Test
substance was Exolit OP 930.
Inhalation No data located.

Carcinogenicity

LOW: Aluminum diethylphosphinate is estimated to be of low hazard for carcinogenicity based on
comparison to analogous metal salts and professional judgment.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

OncoLogic Results

No data located.

Carcinogenicity (Rat

Not expected to be carcinogenic

Professional judgment

Estimated based on analogy to

and Mouse) (Estimated) confidential metal salts.
Combined Chronic No data located.
Toxicity/

Carcinogenicity

Genotoxicity

LOW: Experimental studies indicate that aluminum diethylphosphinate
mammalian cells.

bacteria or chromosomal aberrations in

does not cause gene mutations in

Gene Mutation in vitro

Negative, Salmonella typhimurium
strains TA1535, TA1537, TA98 and
TA100 with and without metabolic
activation

NICNAS, 2005; Submitted
confidential study

Reported in a secondary source for
a commercial formulation.

Gene Mutation in vivo

No data located.

Chromosomal
Aberrations in vitro

Negative, chromosomal aberrations in
Chinese hamster lung cells with and
without metabolic activation

NICNAS, 2005; Submitted
confidential study

Reported in a secondary source for
a commercial formulation.

Chromosomal
Aberrations in vivo

Negative, mammalian erythrocyte
micronucleus test in NMRI mice; oral
(unspecified)

Submitted confidential study

Study reported in a submitted
confidential study; Study conducted
according to OECD Guideline 474
(Mammalian Erthrocyte
Micronucleus Test).

DNA Damage and
Repair

No data located.

Other (Mitotic Gene
Conversion)

No data located.

Reproductive Effects

VERY LOW: There were no reproductive effects reported in a reproduction/developmental toxicity screen
in rats at doses up to 1,000 mg/kg-day. In addition, aluminum diethylphosphinate is estimated to be of low
hazard for reproductive effects resulting from the presence of a bioavailable metal species, by professional
judgment based on a comparison to analogous metal salts.

Reproduction/
Developmental Toxicity
Screen

Expected to have low hazard potential
for reproductive effects (Estimated)

Professional judgment

Estimated based on analogy to
confidential metal salts.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Rats (Sprague Dawley); oral
administration of 250 and 1,000 mg/kg
bw-day; 15 days prior to mating and
throughout gestation and lactation up to
post-partum Day 3.

No clinical signs of toxicity or change in
food consumption. Slight reduction in
body weight and body weight gain (both
sexes, 1,000 mg/kg-day); Reduced
terminal body weight and absolute and
relative kidney weights (males, 1,000
mg/kg-day).

No adverse effect on oestrus cycle,
implantation, gestation length, corpora
lutea or sex ratios. No effect on sperm
(motility, morphology, concentration).
Increase in the number of days of pre-
coital interval and a reduction in
copulation plugs (1,000 mg/kg-day).

No treatment-related macroscopic
anomalies in pups dying or sacrificed at
term.

NOAEL = 1,000 mg/kg-day

Submitted confidential study

Study reported in a submitted
confidential study; Study conducted
according to OECD Guideline 421
(Reproductive/Developmental
Toxicity Screening Test).

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

No data located.

Reproduction and
Fertility Effects

No data located.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Developmental Effects

MODERATE: There were no developmental effects reported in a reproduction/developmental toxicity
screen in rats at doses up to 1,000 mg/kg-day. There is moderate hazard for aluminum diethylphosphinate
given exposure may result in neurodevelopmental effects based on the presence of a phosphinate; there
were no experimental studies specifically designed to evaluate the neurodevelopmental endpoint located.

The potential for neurodevelopmental effects cannot be ruled out.

Reproduction/
Developmental Toxicity
Screen

Expected to have a moderate hazard
potential for developmental and
neurodevelopmental effects resulting
from the presence of a phosphinate.
(Estimated)

Professional judgment

Estimated based on analogy to
phosphate esters and associated
cholinesterase inhibition.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Rats (Sprague Dawley); oral
administration of 250 and 1,000 mg/kg
bw-day; 15 days prior to mating and
throughout gestation and lactation up to
post-partum Day 3.

No clinical signs of toxicity or change in
food consumption. Slight reduction in
body weight and body weight gain;
reduced terminal body weight and
absolute and relative kidney weights
(males, 1,000 mg/kg-day). No adverse
effect on estrus cycle, implantation,
gestation length, corpora lutea or sex
ratios. No effect on sperm (motility,
morphology, concentration). Increase in
the number of days of pre-coital interval
and a reduction in copulation plugs
(1,000 mg/kg-day).

No treatment-related macroscopic
anomalies in pups dying or sacrificed at
term.

NOAEL = 1,000 mg/kg-day

Submitted confidential study

Study details reported in a
confidential submission; Study
conducted according to OECD
Guideline 421
(Reproductive/Developmental
Toxicity Screening Test).

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

No data located.

Prenatal Development

No data located.

Postnatal Development

No data located.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Neurotoxicity

MODERATE: Aluminum diethylphosphinate is estimated to be of moderate hazard for neurotoxicity, due
to the presence of a bioavailable metal species and based on comparison to aluminum hydroxide with

professional judgment.

Battery (Adult)

Neurotoxicity Screening

Expected to have a moderate hazard
potential for neurotoxic effects resulting
from the presence of bioavailable metal
species. (Estimated)

Professional judgment

Estimated based on professional
judgment and analogy to aluminum
hydroxide.

Rat NOAEL >1,000 mg/kg

Beard and Marzi, 2005

Study details and test conditions
were not available.

90-day Rat, oral gavage, impaired
learning in a labyrinth maze test

NOAEL = Not established

LOAEL = 35 mg Al/kg-day as aluminum
hydroxide with citric acid (only dose
tested)

(Estimated by analogy)

Bilkei-Gorzo, 1993 (as cited in
ATSDR, 2008)

Reported in a secondary source;
dose reported as 35 mg/kg-day as
aluminum hydroxide with citric
acid; citric acid was added to
increase absorption; it is not proven
that negative effects only related to
aluminum hydroxide and not based
on citric acid; also, the background
aluminum content of the diet fed to
rats was not reported; only one dose
tested.

90-day Rat, oral gavage, impaired
learning in a labyrinth maze test
NOAEL = Not established

LOAEL = 300 mg Al/kg-day as
aluminum hydroxide (only dose tested)
(Estimated by analogy)

Bilkei-Gorzo, 1993

The background aluminum content
of the diet fed to rats was not
reported; only one dose tested,;
study description lacks sufficient
details on individual results.

Repeated Dose Effects

MODERATE: Estimated to be of moderate hazard for immunotoxicity, due to the presence of a
bioavailable metal species, based on comparison to analogous metal salts and professional judgment.
Experimental studies indicate that oral exposure to rats produces no adverse effects at levels up to 1,000

mg/kg-day.

28- day NOAEL >1,000 mg/kg-day, rats

NICNAS, 2005; Submitted
confidential study

Reported in a secondary source for
a commercial formulation. Test
substance was Exolit OP 930.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Immune System Effects

Expected to have a moderate hazard
potential for immunotoxicity effects
resulting from the presence of
bioavailable metal species.(Estimated)

Professional judgment

Estimated based on analogy to
confidential metal salts.

Skin Sensitization

LOW: Negative for skin sensitization in

guinea pigs.

Skin Sensitization

Non-sensitizing, guinea pigs

NICNAS, 2005; Submitted
confidential study

Reported in a secondary source for
a commercial formulation.

Respiratory Sensitization

No data located.

| Respiratory Irritation

| No data located.

Eye Irritation

LOW: Aluminum diethylphosphinate is slightly to non-irritating in rabbit eyes.

Eye Irritation

Slightly irritating, rabbits

NICNAS, 2005

Reported in a secondary source for
a commercial formulation.

Not irritating, rabbits

Submitted confidential study

Study reported in a submitted
confidential study.

Dermal Irritation

VERY LOW: Aluminum diethylphosph

inate is not irritating to rabbit skin.

Dermal Irritation

Non-irritating, rabbit

NICNAS, 2005; Submitted
confidential study

Reported in a secondary source for
a commercial formulation.

Endocrine Activity

No data located.

| No data located.

Immunotoxicity

Aluminum diethylphosphinate is estimated to be of moderate hazard for immunotoxicity, due to the
presence of a bioavailable metal species, based on comparison to analogous metal salts and professional

judgment.

Immune System Effects

Expected to have a moderate hazard
potential for immunotoxicity effects
resulting from the presence of
bioavailable metal species. (Estimated)

Professional judgment

Estimated based on analogy to
confidential metal salts.

ECOTOXICITY

ECOSAR Class

Not applicable

Acute Toxicity MODERATE: The measured green algae ECs is between 10 and 100 mg/L. For fish and Daphnia, adequate
toxicity values have not been determined; reported values are not LCs, but the highest dose tested.
Fish LCx Danio rerio (Zebra fish) 96-hour LCs NICNAS, 2005 Reported in a secondary source for

>11 mg/L (Experimental)

a commercial formulation.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Danio rerio (Zebra fish) 96-hour LCsg
>9.2 mg/L (Experimental)

Submitted confidential study

Study reported in a submitted
confidential study.

Danio rerio (Zebra fish) 96-hour LCs
>100 mg/L (Experimental)

Submitted confidential study

Study reported in a submitted
confidential study; Study conducted
according to EU Method C.1
(Acute Toxicity for Fish).

Daphnid LCs,

Daphnia magna 48-hour LCs, >33.7
mg/L (Experimental)

NICNAS, 2005

Reported in a secondary source for
a commercial formulation.

Daphnia magna 48-hour LCs, >33 mg/L
(Experimental)

Submitted confidential study

Study reported in a submitted
confidential study.

Daphnia magna 48-hour ECs,>100
mg/L; 48-hour NOEC = 100 mg/L

Submitted confidential study

Study reported in a submitted
confidential study; Study conducted
according to OECD Guideline 202
(Daphnia sp. Acute Immobilization
Test).

Green Algae ECs

Scenedesmus subspicatus 72-hour E;Csg
of 60 mg/L (Experimental);
Scenedesmus subspicatus 72-hour E,Cs
of 76 mg/L (Experimental)

NICNAS, 2005

Reported in a secondary source for
a commercial formulation.

72-hour ECso = 50mg/L (Experimental)

Submitted confidential study

Study reported in a submitted
confidential study.

Scenedesmus subspicatus 72-hour ECs
>180 mg/L (Experimental)

Submitted confidential study

Study reported in a submitted
confidential study; Study conducted
according to EU Method c¢.3 (Algal
Inhibition Test).

Chronic Aquatic Toxicity

MODERATE: An experimental value of 1.8 mg/L was reported for gree
values for fish and Daphnia are >10 mg/

L

n algae, while measured toxicity

Fish Chv

48 mg/L (Estimated)

Submitted confidential study

Study reported in a submitted
confidential study.

Danio rerio (Zebra fish) 28-day NOEC =
100 mg/L; LOEC >100 mg/L
(Experimental)

Submitted confidential study

Study reported in a submitted
confidential study; Study conducted
according to OECD Guideline 215
(Fish, Juvenile Growth Test).
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Daphnid ChV

Daphnia magna 21-day ECs, = 22.3
mg/L for immobility (Experimental)
Daphnia magna 21-day ECs, = 46.2
mg/L for reproduction (Experimental)
Daphnia magna 21-day LOEC = 32
mg/L for immobility and reproduction
(Experimental)

Daphnia magna 21-day NOEC =10
mg/L for immobility and reproduction
(Experimental)

NICNAS, 2005; Submitted
confidential study

Reported in a secondary source for
a commercial formulation.

Green Algae ChV

1.8 mg/L (Experimental)

Submitted confidential study

Study reported in a submitted
confidential study.

ENVIRONMENTAL FATE

Transport

Although the behavior of metal salts under environmental conditions is dependent on the characteristics of
the local environment (predominately pH), transport of both the metal species and the organic anion is
anticipated to be dominated by leaching through soil, runoff to aqueous environments, adsorption and/or
precipitation of the metal ion onto soil or sediment, and wet and dry deposition of dust particulates in air to
land or surface water. Volatilization of this ionic compound from either wet or dry surfaces is not expected to
be an important fate process. Nevertheless, the environmental fate of this organic salt will be dependent on its
pH-dependent dissociation, and adequate data are not available.

Henry’s Law Constant
(atm-m*/mole)

<10°® (Estimated)

Professional judgment

Cutoff value for nonvolatile
compounds.

Sediment/Soil
Adsorption/Desorption
Coefficient — K,

Approximately 0.38 according to OECD
Guideline 121 (Measured)

ECHA, 2013; Submitted
confidential study

Guideline study.

Level 111 Fugacity Model

This substance is not amenable to the
model.

4-47




Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Persistence

HIGH: For the organic counter-ion, estimates indicate that the half-life for ultimate aerobic biodegradation
in water is less than 60 days, which converts to moderate potential for persistence. However, the metal ion is
recalcitrant to biodegradation or other typical environmental removal processes.

Water Aerobic Biodegradation |Organic counter-ion: EPI
Days-weeks (primary survey model)
Weeks (ultimate survey model)
(Estimated)
Metal ion: Recalcitrant (Estimated) Professional judgment Metal ions will not degrade in the
environment.
Not readily biodegradable according to ECHA, 2013; Submitted Guideline study.
OECD Guideline 301 F (Measured) confidential study
Not inherently biodegradable according to |[ECHA, 2013; Submitted Guideline study.
OECD Guideline 302 C (Inherent confidential study
Biodegradability: Modified MITI Test (I1))
(Measured)
Not inherently biodegradable (Measured) |[Stuer-Lauridsen et al., 2007 Sufficient details were not available
to assess the quality of this study.
Not readily biodegradable (Measured) NICNAS, 2005 Reported in a secondary source for a
commercial formulation.
Not readily biodegradable (Measured) Stuer-Lauridsen et al., 2007 Sufficient details were not available
to assess the quality of this study.
Volatilization Half-life for|Not a significant fate process (Estimated) |Professional judgment Based on the magnitude of the
Model River estimated Henry’s Law Constant.
Volatilization Half-life for|Not a significant fate process (Estimated) |Professional judgment Based on the magnitude of the
Model Lake estimated Henry’s Law Constant.
Soil Aerobic Biodegradation |Respiration inhibition of activated sludge |[NICNAS, 2005; Submitted Reported in a secondary source for a

microorganisms LCsq = 1968 mg/L, NOEC
= 483 mg/L (Measured)

confidential study

commercial formulation.

Anaerobic
Biodegradation

No degradation according to ISO/DIS
14853 (Measured)

Stuer-Lauridsen et al., 2007

Guideline study reported in a
secondary source.
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Aluminum Diethylphosphinate CASRN 225789-38-8

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Soil Biodegradation w/
Product Identification

No data located.

Sediment/Water
Biodegradation

No data located.

Air Atmospheric Half-life Not a significant fate process (Estimated) |Professional judgment This chemical is expected to exist
entirely in particulate form in air.
Reactivity Photolysis Not a significant fate process (Estimated) [Mill, 2000; The substance does not contain
Professional judgment functional groups that would be
expected to absorb light at
environmentally significant
wavelengths.
Hydrolysis Metal salts form a variety of hydroxylation |Wolfe and Jeffers, 2000; The organic counter ion does not

products as a function of pH. Hydrolysis
of the organic counter-ion is not expected
to be a significant fate process (Estimated)

Professional judgment

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

Environmental Half-life

Organic counter-ion: <60 days
Metal ion: Recalcitrant
(Estimated)

EPI; Professional judgment

Based on estimated biodegradation
half-lives for the organic counter-ion
and metal ions will not degrade in the
environment.

Bioaccumulation

LOW: Aluminum diethylphosphinate is not expected to have potential for bioaccumulation.

Fish BCF <100 (Estimated) Professional judgment Available data suggests this chemical
will dissociate under environmental
conditions.

BAF No data located.

Metabolism in fish No data located.

ENVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

No data located.

Ecological Biomonitoring

No data located.

Human Biomonitoring

(CDC, 2011).

This chemical was not included in the National Health and Nutrition Examination Survey biomonitoring report
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Aluminum Hydroxide

Screening Level Hazard Summary
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the
substance including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard
information in the table below.

VL = Very Low hazard L = Low hazard = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (VL, L, /!, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from estimation software and professional judgment.
R Recalcitrant: Substance is comprised of metallic species that will not degrade, but may change oxidation state or undergo complexation processes under environmental conditions.

Aquatic Environmental
Human Health Effects quatic
Toxicity Fate
> S S 5
> | 2 = 3 = c | = =
s 2|22 5| 8|8|&|=25¢ ¢ s | =
= o S 5 2 B o= & = o
(5 ) o~ g S ) = iz SRl £ — c S
= e 3 ° =3 i) 3 & S N| ‘T — L [ 5
© £ = ) o o © n =5 = © ® c 2 o
= o =] = [ ~ 5] o '%n - e - o > %
: 3| s | &8/ 8|38 | 3| 8|3 |85 2|8|3|=&]| 5§ S
Chemical CASRN < ¢) O] 14 a) z x » |eH|l 0| o < @) a [
Aluminum Hydroxide | 21645512 | L | L [ L [ L [ L | [ ™ [ L] v v [ M [ m | BR[| L

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

HO CASRN: 21645-51-2

MW: 78.01

Physical Forms:

HO Neat: Solid

Use: Flame retardant

SMILES: O[AI](0)O
Synonyms: Aluminum hydroxide (Al(OH)3); Aluminum trioxide; Gibbsite; Bayersite; Nordstrandite; Aluminum trihydrate

Chemical Considerations: This alternative is an inorganic compound and in the absence of experimental data, professional judgment using chemical class and
structural considerations were used to complete this hazard profile.
Polymeric: No

Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: None

Analog: Unspecified analogous aluminum compounds were discussed in the Analog Structure: Not applicable
structural based professional judgment rationale.
Endpoint(s) using analog values: Carcinogenicity, reproductive effects,
immunotoxicity

Structural Alerts: Aluminum compounds (EPA, 2010).
Risk Phrases: Not classified by Annex | Directive 67/548/ European Economic Community & IUCLID (Pakalin et al., 2007).

Hazard and Risk Assessments: Risk assessment completed for aluminum hydroxide by the National Research Council Subcommittee on Flame-Retardant Chemicals
(NRC, 2000). Hazard assessment completed for Design for the Environment (DfE) Alternatives Assessment for Flame Retardants in Printed Circuit Boards, Review
Draft, November 8, 2008 (EPA, 2008).
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

Decomposes at approximately 200
(Measured)

European Commission, 2000

Decomposes at approximately 150-220 to
Al,O3 and H,0O (Measured)

European Commission, 2000

Decomposes (loses water) at 300
(Measured)

Lewis, 2000

Adequate.

Boiling Point (°C)

The substance is expected to decompose
before boiling (Estimated)

Professional judgment

Based on the values included in the
melting point section of this
assessment.

Vapor Pressure (mm Hg)

<10°® (Estimated)

Professional judgment; EPA,
1999

Cutoff value for compounds that are
anticipated to be nonvolatile,
according to HPV assessment
guidance.

Water Solubility (mg/L)

<0.09 at pH 6-7

Organisation of Economic Cooperation
and Development (OECD) Guideline 105
Purity calculated based on aluminum oxide
(Measured)

ECHA, 2013

Guideline study reporting non-
specific value that is in agreement
with other experimental values
indicating poor solubility.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

0.0117 to 0.0947 at pH 7.5-8.1 and 21-
24°C.

Reported as 11.7 to 94.7 pug/L Al(OH);
and 4.06 to 32.75 pg/L Al.

100 mg of AI(OH); was dissolved in 100
mL distilled water or test media prepared
according to OECD 201, 202 or 211,
filtered, and then analyzed using Graphite
Furnace Atomic Absorption Spectrometry
(GF AAS) and Inductively Coupled
Plasma Atomic Emission Spectroscopy
(ICP-AES). (Measured)

Submitted study

Reported in a honguideline study
done to prepare for toxicity testing.

1.5at20°C at pH 7 (Measured)

European Commission, 2000

1.5x10% at 20 °C at pH 8-9 (Measured)

European Commission, 2000

Insoluble in water (Estimated)

Lide, 2006

Practically insoluble in water (Estimated)

O’Neil, 2001; Lewis, 2000

Measured values were not

consistently reported, but are
sufficient for subsequent components
of the hazard assessment.

Log Kow

No data located. This inorganic
compound is not amenable to
available estimation methods.

Flammability (Flash Point) Not flammable (Estimated) European Commission, 2000 Adequate.

Explosivity Not explosive (Estimated) European Commission, 2000 Adequate.

Pyrolysis No data located.

pH pH of a saturated solution in water was 6 |ECHA, 2013 Determined in a water solubility
to 7 (Measured) study.

pK, Not applicable (Estimated) Professional judgment Determination of dissociation

constant is not possible due to the
insolubility of the test substance.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

HUMAN HEALTH EFFECTS

Toxicokinetics

Toxicokinetic data suggest that aluminum hydroxide is not readily absorbed in humans following oral
exposure. Excretion occurs primarily through feces, and less so in urine. Animal studies indicated that
aluminum accumulated in intestinal cells but was not found in other tissues.

Dermal Absorption in vitro

No data located.

Absorption,
Distribution,
Metabolism &
Excretion

Oral, Dermal or Inhaled

Al labeled aluminum hydroxide (in ECHA, 2013 Reported in a secondary source.

water suspension) was administered to Adequate, performed in accordance

rats by oral gavage. with OECD guidelines and good
laboratory practice (GLP);

The mean fractional uptake of °Al from Aluminium hydroxide, was

aluminum hydroxide was 0.025+£0.041% suspended in water with added 1%

compared to a mean fractional uptake of carboxymethylcellulose (to

0.079+0.0057% from 2°Al labeled maintain a suspension).

aluminum citrate in solution. Aluminum

hydroxide as an insoluble compound is

less bioavailable than soluble

compounds.

After rats were exposed to aluminum HSDB, 2013 Reported in a secondary source,

hydroxide in drinking water for 10 study details and test conditions

weeks, aluminum accumulated in were not provided.

intestinal cells but not in other tissues.

In metabolic studies in humans, 12% of HSDB, 2013 Reported in a secondary source,

an oral load of aluminum hydroxide was study details and test conditions

retained, but absorption was not were not provided.

calculated.

The absorbed fraction of aluminum HSDB, 2013 Reported in a secondary source,

hydroxide in two human males dosed study details and test conditions

orally was 0.01%. were not provided.

Adult humans with renal failure who HSDB, 2013 Reported in a secondary source,

ingested 1.5-3.0 g aluminum hydroxide
per day for 20-32 days absorbed between
100 and 568 mg aluminum per day (7-
19% of the dose).

study details and test conditions
were not provided.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Adult humans taking aluminum antacids
had a 3-fold increase of aluminum levels
in the urine; minimal aluminum was
absorbed and was mostly excreted in the
feces.

ATSDR, 2008

Reported in a secondary source,
study details were not provided.

Acute Mammalian

Toxicity

LOW: Aluminum hydroxide has low acute toxicity based on oral LDs, >2,000 mg/kg-bw in rats.

Acute Lethality

Oral

Rat oral LDs,>5,000 mg/kg bw

European Commission, 2000

Reported in a secondary source,
study details and test conditions
were not provided.

Rat oral LDs,>2,000 mg/kg bw

ECHA, 2013

Reported in a secondary source.
Performed in accordance with
OECD guidelines and GLP.

Dermal

No data located.

Inhalation

No data located.

Carcinogenicity

LOW: Aluminum hydroxide is estimated to be of low hazard for carcinogenicity based on professional

judgment and comparison to analogous

aluminum compounds.

OncoLogic Results

Carcinogenicity (Rat
and Mouse)

Combined Chronic
Toxicity/
Carcinogenicity

Low potential for carcinogenicity
(Estimated)

Professional judgment

Estimated based on professional
judgment and comparison to
analogous aluminum compounds.

Genotoxicity

LOW: Aluminum hydroxide did not cause mutations in bacteria in vitro

aberrations in vitro.

and did not cause chromosomal

Gene Mutation in vitro Negative in mouse lymphoma cells with | ECHA, 2013 Adequate, performed in accordance
and without metabolic activation with OECD guidelines and GLP.

Gene Mutation in vivo No data located.

Chromosomal No data located.

Aberrations in vitro

Chromosomal Negative for induction of micronuclei in | ECHA, 2013 Adequate, performed in accordance

Aberrations in vivo

polychromatic erythrocytes of bone
marrow in Sprague-Dawley rats

with OECD guidelines and GLP.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY
DNA Damage and No data located.
Repair
Other (Mitotic Gene No data located.
Conversion)

Reproductive Effects LOW: Aluminum hydroxide is estimated to be of low hazard for reproductive effects based on professional
judgment and comparison to analogous aluminum compounds.

Reproduction/ Low potential for reproductive effects Professional judgment Estimated based on professional
Developmental Toxicity | (Estimated) judgment and comparison to
Screen analogous aluminum compounds.
Combined Repeated
Dose with

Reproduction/
Developmental Toxicity
Screen

Reproduction and
Fertility Effects

Developmental Effects LOW: Aluminum hydroxide does not show developmental toxicity when administered orally to rats or mice
at dose levels up to 266 mg/kg-day. There were no data located regarding developmental neurotoxicity.
Reproduction/ No data located.
Developmental Toxicity
Screen
Combined Repeated No data located.
Dose with

Reproduction/
Developmental Toxicity

Screen

Prenatal Development Low potential for developmental Professional judgment Estimated based on analogy to
neurotoxicity structurally similar compounds.
(Estimated)
Mouse, oral, no developmental effects, Domingo et al., 1989 Adequate.
NOAEL = 266 mg/kg-day (highest dose
tested)
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Mouse, oral, NOAEL = 268 mg/kg-day
(highest dose tested)

Gomez et al., 1989

Abstract only.

Mouse, oral, NOAEL = 300 mg/kg-day
(only dose tested)

Colomina et al., 1994

Abstract only.

Rat, oral, NOAEL = 768 mg/kg-day
(highest dose tested)

Gomez et al., 1990

Abstract only.

Rat, oral, NOAEL = 384 mg/kg-day
(only dose tested)

Llobet et al., 1990

Abstract only.

Postnatal Development

No data located.

Neurotoxicity

MODERATE: Aluminum hydroxide is expected to be of moderate hazard for neurotoxicity based on
impaired learning in a labyrinth maze test in a 90-day oral study in rats at 35 mg Al/kg/day as aluminum
hydroxide with citric acid. Impaired learning in a labyrinth maze test was also reported in rats orally
exposed to 300 mg Al/kg/day as aluminum hydroxide; there is uncertainty in the threshold of response, the
possibility that effects occur at doses <100 mg/kg/day (in the Moderate - High hazard designation range)

cannot be ruled out.

Neurotoxicity Screening
Battery (Adult)

30-day Rat, oral diet, no significant
effects noted, NOAEL = 1,252 mg
Al/kg-day

Thorne et al. 1986, 1987 (as
described in ATSDR, 2008)

Reported in a secondary source.

90-day Rat, oral gavage, impaired
learning in a labyrinth maze test

NOAEL = Not established

LOAEL = 35 mg Al/kg-day as aluminum
hydroxide with citric acid (only dose
tested)

Bilkei-Gorzo, 1993 (as
described in ATSDR, 2008)

Reported in a secondary source;
dose reported as 35 mg/kg-day as
aluminum hydroxide with citric
acid; citric acid was added to
increase absorption; it is not proven
that negative effects only related to
aluminum hydroxide and not based
on citric acid; also, the background
aluminum content of the diet fed to
rats was not reported; only one dose
tested.

90-day Rat, oral gavage, impaired
learning in a labyrinth maze test
NOAEL = Not established

LOAEL = 300 mg Al/kg-day as
aluminum hydroxide (only dose tested)

Bilkei-Gorzo, 1993

The background aluminum content
of the diet fed to rats was not
reported; only one dose tested;
study description lacks sufficient
details on individual results.
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Aluminum Hydroxide CASRN

21645-51-2

PROPERTY/ENDPOINT

DATA

| REFERENCE

DATA QUALITY

Repeated Dose Effects

MODERATE: Aluminum hydroxide is estimated to have potential for immunotoxicity based on
professional judgment and comparison to analogous aluminum compounds. Aluminum hydroxide is of low
hazard for repeated dose effects based on an experimental study indicating no adverse effects in rats
following oral doses up to 14,470 ppm (302 mg/kg-day). In addition, a low potential for repeated dose effect
is estimated based on professional judgment and comparison to analogous aluminum compounds.

Low potential for repeated dose effects
but moderate potential for
immunotoxicity.

(Estimated)

Professional judgment

Estimated based on professional
judgment and comparison to
analogous aluminum compounds.

28-day Rat (male), oral diet, no systemic
effects noted.

NOAEL = 14,470 ppm/diet (302 mg
Al/kg-day)

Hicks et al., 1987

Study details from primary source.

6-Week human, oral, LOAEL =25 mg
Al/kg-day (Reduction in primed
cytotoxic T-cells, only dose tested)

ATSDR, 2008

Reported in a secondary source.

Skin Sensitization

LOW: Aluminum hydroxide is not a ski

n sensitizer in guinea pigs.

Skin Sensitization

Low potential for skin sensitization
(Estimated)

Professional judgment

Estimated based on professional
judgment and comparison to
analogous aluminum compounds.

Not sensitizing to guinea pigs in an in
Vivo maximization test

ECHA, 2013

Reported in a secondary source;
conducted in accordance with
OECD guidelines and GLP.

Respiratory Sensiti

zation

No data located.

Respiratory
Sensitization

No data located.

Eye Irritation

VERY LOW: Aluminum hydroxide is n

ot irritating to rabbit eyes.

Eye Irritation

Not irritating, rabbits

ECHA, 2013

Reported in a secondary source;
Conducted in accordance with
OECD qguidelines and GLP.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA REFERENCE DATA QUALITY

Dermal Irritation

VERY LOW: Aluminum hydroxide is not irritating to skin.

Dermal Irritation

Not irritating, rabbits ECHA, 2013 Reported in a secondary source.
Conducted in accordance with
OECD guidelines and GLP.

Not irritating, rabbits, mice and pigs ECHA, 2013 Reported in a secondary source;
nonguideline studies.

Endocrine Activity

No data located.

| | No data located.

Immunotoxicity

Aluminum hydroxide is estimated to have potential for immunotoxicity based on professional judgment and
comparison to analogous aluminum compounds.

Immune System Effects

Moderate potential for immunotoxicity Professional judgment Estimated based on professional
(Estimated) judgment and comparison to
analogous aluminum compounds.

6-Week human, oral LOAEL = 25 mg ATSDR, 2008
Al/kg-day (Reduction in primed
cytotoxic T-cells, only dose tested)

Reported in a secondary source.

ECOTOXICITY

ECOSAR Class

Not applicable

Acute Toxicity

MODERATE: Aluminum hydroxide is estimated to be of moderate hazard for acute aquatic toxicity based
on potential for dissolved aluminum species to cause adverse effects in aquatic species, as described in the
EPA New Chemical Categories document which includes inorganic salts of aluminum (Professional
judgment; EPA, 2010). Additional studies for acute toxicity to daphnia and algae are ongoing; the results of
these studies may affect the acute aquatic hazard designation.

Fish LCs

Salmo trutta 96-hour NOEC >100 mg/L | European Commission, 2000 Reported in a secondary source.
(Experimental) The effect concentration is greater
than the measured water solubility.

Daphnid LC50

Daphnia magna 48-hour NOEC >100 European Commission, 2000 Reported in a secondary source.
mg/L Study details and test conditions
(Experimental) were not available and the effect
concentration is greater than the
measured water solubility.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Daphnia magna 48-hour NOEC >0.135
mg/L
(Experimental)

ECHA, 2013

Study conducted with aluminum
powder.

Daphnia magna 48-hr EC50 = 0.8240
mg/L
(Experimental)

TSCATS, 1996

Study incorrectly cited in source;
results are for a different test
substance, vanadium hydroxide
oxide.

Green Algae EC50

Selenastrum capricornutum 72-hour
NOEC >100 mg/L
(Experimental)

European Commission, 2000

Reported in a secondary source.
The effect concentration is greater
than the measured water solubility.

Selenastrum capricornutum 96-hr EC50
= 0.6560 mg/L
(Experimental)

TSCATS, 1996

Study incorrectly cited in source;
results are for a different test
substance, vanadium hydroxide
oxide.

Pseudokirchnerella subcapitata 96-hr
EC50 = 0.46 mg/L
(Experimental)

ECHA, 2013

Reported in a secondary source.
ECs, range: 0.57 mg/L at pH of 7.6
and 0.46 mg/L at pH of 8.2. The
water solubility of aluminum
hydroxide under basic pH
conditions is not available;
experimental details are not
sufficient to address the confidence
limits of these data points.

Pseudokirchnerella subcapitata 72-hour
NOEC = 0.004 — 0.052 mg/L
(Experimental)

ECHA, 2013

Reported in a secondary source.
DfE criteria are based on LC and
ECs, values; therefore a NOEC
value is not sufficient to determine
a hazard designation.

Chronic Aquatic Toxicity

MODERATE: Aluminum hydroxide is estimated to be of moderate hazard for chronic aquatic toxicity
based on potential for dissolved aluminum species to cause adverse effects in aquatic species, as described in
the EPA Chemical Categories document which includes inorganic salts of aluminum (Professional
judgment; EPA, 2010). An additional study for chronic toxicity to daphnia is ongoing; the results of this
study may affect the chronic aquatic hazard designation.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY
Fish ChV Pimephales promelas 42-day NOEC = TSCATS, 1996 Study incorrectly cited in source;
0.102 mg/L, LOEC = 0.209 mg/L results are for a different test
(Experimental) substance, vanadium hydroxide
oxide.
Daphnid ChV Daphnia magna 21-day NOEC = 0.091 | TSCATS, 1996 Study incorrectly cited in source;
mg/L, LOEC = 0.197 mg/L results are for a different test
(Experimental) substance, vanadium hydroxide
oxide.
Green Algae ChV No data located.
ENVIRONMENTAL FATE
Transport Although the behavior of aluminum salts under environmental conditions is dependent on the characteristics

of the local environment (predominately pH), transport of the aluminum (I11) species is anticipated to be
dominated by leaching through soil; runoff to aqueous environments; adsorption and/or precipitation of the
metal ion onto soil or sediment; and wet and dry deposition dust particulates in air to land or surface water.
Volatilization of this ionic compound from either wet or dry surfaces is not expected to be an important fate
process. Under acidic pHs typically encountered in the environment, it may form insoluble polymeric
aluminum hydroxide colloids while under basic conditions; anionic aluminum hydroxide is expected to
predominate. Other factors influencing its behavior include the presence of dissolved organic matter, the
extent of absorption on suspended particles, and the presence of other aluminum species.

Henry’s Law Constant  |<10® (Estimated) Professional judgment Cutoff value for non-volatile
(atm-m®mole) compounds.

Sediment/Soil >30,000 (Estimated) Professional judgment; EPA, Cutoff value for non-mobile
Adsorption/Desorption 2004 compounds.

Coefficient — K,

Level 111 Fugacity Model No data located.

Persistence

HIGH: As an inorganic material, aluminum hydroxide is not expected to biodegrade or oxidize under typical
environmental conditions. Aluminum hydroxide does not absorb light at environmentally relevant
wavelengths and is not expected to photolyze. No degradation processes for aluminum hydroxide under
typical environmental conditions were identified.
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PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Water Aerobic Biodegradation |Recalcitrant (Estimated) Professional judgment Substance is or contains inorganic
elements, such as metal ions or
oxides, that are expected to be found
in the environment >180 days after
release.

Volatilization Half-life for|>1 year (Estimated) Professional judgment Based on the magnitude of the
Model River estimated Henry’s Law constant.
Volatilization Half-life for|>1 year (Estimated) Professional judgment Based on the magnitude of the
Model Lake estimated Henry’s Law constant.

Soil Aerobic Biodegradation |Recalcitrant (Estimated) Professional judgment Substance contains inorganic
elements.

Anaerobic Recalcitrant (Estimated) Professional judgment Substance contains inorganic
Biodegradation elements.

Soil Biodegradation w/ No data located.

Product Identification

Sediment/Water No data located.
Biodegradation

Air Atmospheric Half-life >1 year (Estimated) Professional judgment Substance contains inorganic
elements.

Reactivity Photolysis Not a significant fate process (Estimated) [Professional judgment Aluminum hydroxide does not absorb
UV light at environmentally relevant
wavelengths and is not expected to
undergo photolysis.

Hydrolysis Dissociation of aluminum hydroxide

in environmental waters is dependent
both on the pH and the local
concentration of other aluminum
species; dissociation will not occur
unless in highly acidic waters, e.g.,
pH 3.
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Aluminum Hydroxide CASRN 21645-51-2

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Environmental Half-Life

No data located. Inorganic
compounds are outside the estimation
domain (EPI).

Bioaccumulation

LOW: Aluminum hydroxide is not expec

ted to bioaccumulate.

Fish BCF

<100 (Estimated)

Professional judgment

BAF

<100 (Estimated)

Professional judgment

Aluminum hydroxide is an inorganic
compound and is not anticipated to
bioaccumulate or bioconcentrate.
This inorganic compound is not
amenable to available quantitative
structure activity relationship models.

Metabolism in Fish

No data located.

ENVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

No data located.

Ecological Biomonitoring

No data located.

Human Biomonitoring

(CDC, 2011).

This chemical was not included in the National Health and Nutrition Examination Survey biomonitoring report
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Ammonium Polyphosphate

Screening Level Hazard Summary
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the
substance including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard
information in the table below.

VL = Very Low hazard L = Low hazard '/ = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (\VL, L, Iv/, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from estimation software and professional judgment.
9 This hazard designation would be assigned MODERATE if >5% of the particles are in the respirable range as a result of dust forming operations.
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“"Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants that
may partition to sediment and particulates.
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Ammonium Polyphosphate

CASRN: 68333-79-9

@)
I || MW: ~100,000
F|)_

HO/{/ T\O% OH MF: (NH4)k'H(n+2—k)PnO(3n+1) (NAS,
O OH

2000)
NH, +

Physical Forms:
SMILES: This polymer inorganic salt with MW >1,000 and no low MW components is not amenable to SMILES notation.

Neat: Solid

Use: Flame retardant
Synonyms: Polyphosphoric acids, ammonium salts; APPII; AP 422; AP 462; APP (fireproofing agent); APP 422; Albaplas AP 95; Amgard CL; Amgard MC,;
Amgard TR; Ammonium polyphosphate; Ammonium polyphosphates; Antiblaze MC; Antiblaze MCM; Budit 3076; Budit 3076DC; Budit 3077; Budit 365; DFP-I;
EINECS 269- 789-9; Exolit 462; Exolit 263; Exolit 422; Exolit 442; Exolit 454; Exolit 455; Exolit 462; Exolit 470; Exolit AP 422; Exolit AP 423; Exolit AP 462; FR-
Cros 480; FR-Cros 484; Fire-Trol LCG-R; Flameguard PT 8; Hostaflam 423; Hostaflam AP 420; Hostaflam AP 422; Hostaflam AP 462; Hostaflam AP 464;
Hostaflam TP-AP 751; Hostaflam TP-AP 752; Novawhite; Phos-Chek P 30; Phos-Chek P 40; Phos-Chek P 60; Poly-N 10-34-0; Poly-N 11-37-0; Polymetaphosphoric
acid, ammonium salt; Polyphosphoric acid, ammonium salt; Sumisafe; Taien A; Taien H
Chemical Considerations: High-MW ammonium polyphosphate (n>50) with a minimum of water-soluble fractions are being used to an increasing extent in flame
retardants (Gard, 2005, Schrodter et al., 2005). These insoluble ammonium polyphosphates are long chain, ionic phosphate polymers with the following MF:
(NH.)'Hn+2-19PnOgns+1), Where n typically can range from 70 (Wanjie International Co., 2007) to >1,000 (PINFA, 2010) and k represents the degree of replacement of
hydrogen ions with ammonium ions. MWs can be as high as 100,000 g/mole and oligomers with a MW <1,000 are not expected. The high MW inorganic polymer

was assessed as a non-bioavailable material. Prior assessments for similar polyphosphates evaluated the lower, water soluble moieties, which also have application as
a flame retardant.

Polymeric: Yes
Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: Ammonia; phosphate (Leisewitz et al., 2000)

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

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

Hazard and Risk Assessments: The Maine Department of Environmental Protection (MDEP) Safer Alternative Assessment for Decabromodiphenyl Ether Flame
Retardant in Plastic Pallets includes a Green Screen Assessment of Ammonium Polyphosphate (MDEP, 2007) although this was performed on lower MW materials.

4-70




Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

Decomposes at > 275°C (Measured)

IUCLID, 2000

Consistent with values reported in
other secondary sources.

Decomposes at 300°C for long chain
ammonium polyphosphate (Measured)

OECD SIDS, 2007

Consistent with values reported in
other secondary sources.

Decomposes at approx. 150°C for short
chain ammonium polyphosphate
(Measured)

OECD SIDS, 2007

Reported for the low MW
ammonium polyphosphate.

Boiling Point (°C)

>275, decomposition with evolution of
ammonia and phosphoric acid (Measured)

Clariant, 2011

Reported in chemical datasheet,
consistent with the high melting
point expected for this chemical.

Vapor Pressure (mm Hg)

<10®at 25°C (Estimated)

Professional judgment; Boethling
et al., 1997

Cutoff value for large high MW
polymers.

<0.75 at 20°C

reported as < 1 hPa (Measured)

IUCLID, 2000; OECD SIDS,
2007

Ammonium polyphosphate will have
negligible vapor pressure as an
inorganic salt. Any measurable vapor
pressure is due to decomposition and
the release of ammonia gas.

Water Solubility (mg/L)

0.5% (w/w) at 25°C in 10% suspension
(Measured)

Clariant, 2011

Reported in chemical datasheet.

0.5-0.05% max. at 25°C in 10%
suspension (Measured)

Wanjie International Co., 2007

Inadequate. This value likely
represents a dispersion and is not an
indication of the material’s true
water solubility.

Log Kow

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

Flammability (Flash Point)

Nonflammable (Estimated)

Professional judgment

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

Explosivity

Not expected to form explosive mixtures
with air (Estimated)

Professional judgment

No data located; based on its use as a
flame retardant.
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

No data located.

Pyrolysis
pH 5.5-7.5 at 25°C in 10% suspension Clariant, 2011 Measured by chemical supplier. Data
(Measured) are likely for the formulated material
in water, and would be dependent on
the ammonium/polyphosphate ratios.
PKa No data located.
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

HUMAN HEALTH EFFECTS

Toxicokinetics

Absorption is not expected for any route of exposure. This inorganic polymer moiety is large with a MW
>1,000. Based on professional judgment, it is expected to have limited bioavailability and therefore is not

expected to be readily absorbed, distributed or metabolized in the body.

Dermal Absorption in vitro

No data located.

Absorption,
Distribution,
Metabolism &
Excretion

Oral, Dermal or
Inhaled

Gastrointestinal absorption of higher
polyphosphates following ingestion is
probably low; they are most likely
hydrolyzed by stomach acids to
phosphate and ammonium ions.

NAS, 2000

Limited study details reported in a
secondary source.

Other

No absorption is expected for all routes
of exposure if insoluble in water
(Estimated)

Professional judgment

Estimated based on
physical/chemical properties and
limited bioavailability.

Acute Mammalian Toxicity

LOW: This polymer is large, with a MW >1,000. It is expected to have limited bioavailability and

therefore is of low potential for acute mammalian toxicity. This low hazard designation is also supported
by a rat oral median lethal dose (LDsg) of >2,000 mg/kg, a rat dermal LDs, of >2,000 mg/kg, and a 4-hour
rat median lethal concentration (LCs) of >5.09 mg/L.

Acute Lethality

Oral

Rat oral LDs, >2,000 mg/kg

UNEP, 2008

Although limited study details were
reported in a secondary source,
results indicated that LDy, values
were greater than the high dosages
tested.

Rat oral LDs, = 4,740 mg/kg

IUCLID, 2000; Clariant, 2009

Although limited study details were
reported in a secondary source,
results indicated that LD, values
were greater than the high dosages
tested; data for commercial mixture
Exolit 422 (purity not specified).

Rabbit oral LDs, >2,000 mg/kg

UNEP, 2008

Although limited study details were
reported in a secondary source,
results indicated that LDy, values
were greater than the high dosages
tested.
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Dermal

Rat dermal LDs, >5,000 mg/kg

IUCLID, 2000; UNEP, 2008

Although limited study details were
reported in a secondary source,
results indicated that LDs, values
were greater than the high dosages
tested; data for commercial mixture
Exolit 456 (90% ammonium
polyphosphate and 10%
monoammonium phosphate).

Rat dermal LDs, >2,000 mg/kg

UNEP, 2008

Although limited study details were
reported in a secondary source,
results indicated that LDs, values
were greater than the high dosages
tested.

Inhalation

Rat Inhalation 4-hour LCs, >5.09 mg/L

UNEP, 2008

Although limited study details were
reported in a secondary source,
results indicate that LCs, values are
greater than the highest
concentration tested; it is
unspecified if the inhaled substance

is a vapor/gas or dust/mist/fume.

Carcinogenicity

LOW: This polymer is large, with a MW >1,000. It is expected to have few to no residual monomers.
Additionally, crosslinking, swellability, dispersability, reactive functional groups, inhalation potential, and
hindered amine groups are not expected. Therefore, there is low potential for carcinogenicity based on

professional judgment. No data located.

OncoLogic Results

Carcinogenicity (Rat
and Mouse)

Combined Chronic
Toxicity/
Carcinogenicity

Limited bioavailability expected;
crosslinking swellability, dispersability,
reactive functional groups, inhalation
potential, and hindered amine groups
are not expected.

(Estimated)

Professional judgment;
Boethling et al., 1997

Based on cutoff value for large
high MW polymers.

Genotoxicity

LOW: This polymer is large, with a MW >1,000. It is expected to have li

therefore has low potential for genotoxicity.

mited bioavailability and

Gene Mutation in vitro

Limited bioavailability expected
(Estimated)

Professional judgment;
Boethling et al., 1997

Based on cutoff value for large
high MW polymers.
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY

Negative, Ames assay, Salmonella ESIS, 2000 Reported in a secondary source,
Typhimurium TA98. TA100, TA1535, study details and test conditions
TA1537, TA1538, and E. coli were not provided.
WP2uvrA; with and without metabolic
activation

Gene Mutation in vivo No data located.

Chromosomal No data located.

Aberrations in vitro

Chromosomal No data located.

Aberrations in vivo

DNA Damage and No data located.

Repair

Other (Mitotic Gene No data located.

Conversion)

Reproductive Effects LOW: This polymer is large, with a MW >1,000. It is expected to have limited bioavailability and

therefore has low potential for reproductive effects based on professional judgment and the polymer
assessment literature. No data located.

Reproduction/
Developmental Toxicity
Screen

Combined Repeated
Dose with Limited bioavailability expected Professional judgment; Based on cutoff value for large
Reproduction/ (Estimated) Boethling et al., 1997 high MW polymers.
Developmental Toxicity
Screen

Reproduction and
Fertility Effects
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA REFERENCE DATA QUALITY

Developmental Effects

LOW: This polymer is large, with a MW >1,000. It is expected to have limited bioavailability and
therefore has low potential for developmental effects based on professional judgment and the polymer
assessment literature. No data located.

Reproduction/
Developmental Toxicity
Screen

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

Prenatal Development

Postnatal Development

Based on cutoff values for large
high MW polymers.

Limited bioavailability expected
(Estimated)

Professional judgment;
Boethling et al., 1997

Neurotoxicity

LOW: This polymer is large, with a MW >1,000. It is expected to have limited bioavailability and
therefore has low potential for neurotoxicity based on professional judgment and the polymer assessment
literature. No data located.

Neurotoxicity
Screening Battery
(Adult)

Based on cutoff values for large
high MW polymers.

Limited bioavailability expected
(Estimated)

Professional judgment;
Boethling et al., 1997

Repeated Dose Effects

LOW: This polymer is large, with a MW >1,000. It is expected to have limited bioavailability; however,
because the MW, is >10,000, there is the possibility of lung overloading if >5% of the particles are in the
respirable range as a result of dust forming operations. No experimental data located.

Limited bioavailability expected Professional judgment; Based on cutoff values for large
(Estimated) Boethling et al., 1997 high MW polymers.

This polymer MW, is >10,000; There is | Professional judgment; Based on cutoff values for large
uncertain potential for lung effects from | Boethling et al., 1997 high MW polymers.

lung overload if respirable particles are
inhaled; Polymers with a MW >10,000
have the potential for irreversible lung

damage as a result of lung overloading.
(Estimated)
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY
Skin Sensitization LOW: Not a skin sensitizer in guinea pigs.
Skin Sensitization Not a skin sensitizer, guinea pigs Safepharm, 1993 (as described | Reported in chemical data sheet;
in NAS, 2000) adequate study details provided.
Respiratory Sensitization No data located.
Respiratory No data located.
Sensitization
Eye Irritation VERY LOW: Mixtures containing primarily ammonium polyphosphate were not irritating to rabbit eyes.
Eye Irritation Not irritating, rabbits UNEP, 2008 Reported in secondary source;

study details and test conditions
were not provided; data for
commercial mixture (70%
ammonium polyphosphate and
30% monoammonium phosphate).

Not irritating, rabbits ESIS, 2000 Reported in a secondary source;
study details and test conditions
were not provided; data for
commercial mixture Exolit 456
(90% ammonium polyphosphate
and 10% monoammonium
phosphate). Study in accordance
with Organisation of Economic
Cooperation and Development
(OECD) 405 guideline.

Dermal Irritation LOW: Mixtures containing primarily ammonium polyphosphate were not irritating to slightly irritating to
skin of rabbits.
Dermal Irritation Not irritating, rabbits 4-hour occlusion UNEP, 2008 Reported in a secondary source;

study details and test conditions
were not provided; data for
commercial mixture (70%
ammonium polyphosphate and
30% monoammonium phosphate).
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Slightly irritating, rabbits; 24-hour
occlusive patch test

ESIS, 2000; IUCLID, 2000

Reported in a secondary source;
study details and test conditions
were not provided; data for
commercial mixture Exolit 422
(purity not specified).

Not irritating

ESIS, 2000; IUCLID, 2000

Reported in a secondary source;
study details and test conditions
were not provided; data for
commercial mixture Exolit 456
(90% ammonium polyphosphate
and 10% monoammonium
phosphate). Study in accordance
with OECD 404 guideline.

Not irritating, rabbits. Very slight NAS, 2000 Limited study details reported in a

erythema in 2/3 animals 1-hour after secondary source. Study was

exposure to AMGARD LR4; however, conducted using AMGARD LR2

no skin reaction was observed after 24 (liquid containing test substance,

and 72 hours. urea and water) and AMGARD L4
(powder).

Not irritating, rabbits exposed 5 times NAS, 2000 Limited study details reported in a

(23 hours for each exposure) to fabric secondary source. Study was

treated with LR2 conducted using AMGARD LR2
(liquid containing test substance,
urea and water).

Not irritating, human volunteers NAS, 2000 Limited study details reported in a

secondary source. Study was
conducted using AMGARD LR2
(liquid containing test substance,
urea and water).

Endocrine Activity

This polymer is large, with a MW >1,000. It is not expected to have endocrine activity due to its poor
bioavailability and inability to be readily metabolized in the body based

on professional judgment.

Limited bioavailability expected
(Estimated)

Professional judgment;
Boethling et al., 1997

Based on cutoff values for large
high MW polymers.
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Immunotoxicity

This polymer is large, with a MW >1,000. It is expected to have limited bioavailability and therefore has
low potential for immunotoxicity based on professional judgment and the polymer assessment literature.

No data located.

Immune System Effects

Limited bioavailability expected
(Estimated)

Professional judgment;
Boethling et al., 1997

Based on cutoff values for large
high MW polymers.

ECOTOXICITY

ECOSAR Class

Not applicable

Acute Toxicity

LOW: Water insoluble polymers with a MW >1,000 that do not contain reactive functional groups and are
comprised of minimal low MW oligomers are estimated to have no effects at saturation (NES). These
polymers have NES because the amount dissolved in water is not anticipated to reach a concentration at
which adverse effects may be expressed. Based on professional judgment, guidance for the assessment of
aquatic toxicity hazard leads to a low potential for hazard for those materials that display NES.
Experimental data are also consistent with this hazard designation.

Fish LCs

NES

Professional judgment

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

Oncorhynchus mykiss 96-hour LCs
>101 mg/L
(Experimental)

IUCLID, 2000; UNEP, 2008

Inadequate; limited study details
reported in a secondary source and
value is much greater than the
anticipated water solubility.

Danio rerio 96-hour LCsq = 100 —
1,000 mg/L
(Experimental)

Clariant, 2009

Inadequate; limited study details
reported in a secondary source and
value is much greater than the
anticipated water solubility.

Brachydanio rerio 96-hour LCsg
>500 mg/L
(Experimental)

IUCLID, 2000

Guideline study red in a secondary
source with limited study details;
OECD 203. Test substance: Exolit
456 (90% ammonium
polyphosphate and 10% of
ammonium phosphate).
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Freshwater fish (Oncorhynchus mykiss)
96-hour LCs, = 123,000 — 1,326,000
ug/L (123 — 1,326 mg/L)
(Experimental)

ECOTOX

Limited study details reported in a
secondary source.

Freshwater fish (Oncorhynchus
tshawytscha) 96-hour LCs, = 685 —
1,195 mg/L

(Experimental)

Buhl and Hamilton, 1998

Limited study details reported in a
secondary source. Study conducted
with Fire-Trol LCG-R (composed
primarily of liquid ammonium
polyphosphate with attapulgite
clay, a corrosion inhibitor and iron
oxide).

Freshwater fish (Oncorhynchus mykiss)
LCso = 872 — >10,000 mg/L
(Experimental)

Gaikowski et al., 1996

Limited study details reported in a
secondary source. Study conducted
with Fire-Trol LCG-R (composed
primarily of liquid ammonium
polyphosphate with attapulgite
clay, a corrosion inhibitor and iron
oxide).

Freshwater fish (Oncorhynchus mykiss) | ECOTOX Limited study details reported in a
96-hour LCs, = 1,006,000 — 10,000,000 secondary source.

Hg/L (1,006 — 10,000 mg/L)

(Experimental)

Freshwater fish (Pimephales promelas) | ECOTOX Limited study details reported in a

96-hour LCsp = 519,000 — 2,317,000
Mo/L (519 — 1,080 mg/L)
(Experimental)

secondary source.
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Daphnid LCs,

NES

Professional judgment

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

Hyalella azteca 96-hour LCsy = 73
mg/L
(Experimental)

McDonald et al., 1997

Limited study details reported in a
secondary source. Study conducted
with Fire-Trol LCG-R (composed
primarily of liquid ammonium
polyphosphate with attapulgite
clay, a corrosion inhibitor and iron
oxide).

Daphnia magna 48-hour ECs, = 90,890 | ECOTOX Limited study details provided in a
Mg/L (90.89 mg/L) secondary source.

(Experimental)

Daphnia magna 48-hour ECs, = ECOTOX Limited study details reported in a
848,000 — 1,036,000 pg/L (848 — 1,036 secondary source.

mg/L)

(Experimental)

Daphnia magna 24-hour ECs, = ECOTOX Limited study details reported in a

1,007,000 — 1,976,000 (1,007 — 1,676
mg/L)
(Experimental)

secondary source.

Green Algae ECs

NES

Professional judgment

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

Chronic Aquatic Toxicity

LOW: Water insoluble polymers with a MW >1,000 that do not contain reactive functional groups and are
comprised of minimal low MW oligomers are estimated to have NES. These polymers have NES because
the amount dissolved in water is not anticipated to reach a concentration at which adverse effects may be
expressed. Based on professional judgment, guidance for the assessment of aquatic toxicity hazard leads to
a low potential for those materials that display NES.

4-81




Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY

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

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

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

ENVIRONMENTAL FATE

Transport The estimated negligible water solubility and estimated negligible vapor pressure indicate that this ionic
polymer is anticipated to partition predominantly to soil and sediment. The estimated Henry’s Law
Constant of <10 atm-m%mole indicates that it is not expected to volatilize from water to the atmosphere.
The estimated K, of >30,000 indicates that it is not anticipated to migrate from soil into groundwater and
also has the potential to adsorb to sediment.

Henry’s Law Constant  |<10°® (Estimated) Professional judgment; Boethling |Cutoff value for large high MW

(atm-m*/mole) etal., 1997 polymers.

Sediment/Soil >30,000 (Estimated) Professional judgment; Boethling |High MW polymers are expected to

Adsorption/Desorption etal., 1997 adsorb strongly to soil and sediment.

Coefficient — K

Level 111 Fugacity Model This substance is not amenable to the
model.
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Ammonium Polyphosphate CASRN 68333-79-9

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY

Persistence VERY HIGH: This polymer is large, with a MW >1,000. It is expected to have negligible water solubility
and poor bioavailability to microorganisms indicating that biodegradation is not expected to be an
important removal process in the environment. Hydrolysis is expected for ammonium polyphosphates,
mainly via end-clipping of a monophosphate unit to form monoammonium phosphate. Hydrolysis rates
increase with increasing chain lengths, but reach a limit when n>50. Qualitative statements from
manufacturers indicate hydrolysis is slow, but increases with prolonged exposure to water and elevated
temperatures. Therefore, hydrolysis is not expected to occur at a rate that would greatly reduce the
polymeric chain. Furthermore, long-chain ammonium polyphosphates produced for flame retardant
applications may be formulated with melamine or other stabilizers that impede hydrolysis. The polymer
does not contain functional groups that would be expected to absorb light at environmentally-relevant
wavelengths. Evaluation of these degradation values suggest a half-life for the polymer is >180 days.

Water Aerobic Biodegradation |Recalcitrant (Estimated) Professional judgment; Boethling |Cutoff value for large high MW
etal., 1997 polymers.
Volatilization Half-life  |>1 year (Estimated) Professional judgment Based on the magnitude of the
for Model River estimated Henry’s Law Constant.
Volatilization Half-life  [>1 year (Estimated) Professional judgment Based on the magnitude of the
for Model Lake estimated Henry’s Law Constant.
Soil Aerobic Biodegradation [Recalcitrant (Estimated) Professional judgment The substance has a MW >1,000 and

is not anticipated to be assimilated by
microbial populations; therefore,
biodegradation is not expected.

The half-life values ranged from 5.2-8.7 |OECD SIDS, 2007 Not applicable; this non-guideline
days in soil under aerobic conditions for study is for the low MW, liquid form
liquid ammonium polyphosphate. Liquid of ammonium polyphosphate.

ammonium polyphosphate hydrolyzed
faster than solid ammonium
polyphosphate and anaerobic conditions,
caused by subsequent flooding,
accelerated hydrolysis. (Measured)
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Study results: None/not reported
Test method: Field Test

Ammonium polyphosphate breaks down
to ammonia and phosphate rapidly in soil
and sewage sludge. (Measured)

Leisewitz et al., 2000

Not applicable; biodegradation data
is expected for the more soluble low
MW ammonium polyphosphate.
Reported in a secondary source.

Anaerobic
Biodegradation

Recalcitrant (Estimated)

Professional judgment

The substance has a MW >1,000 and
is not anticipated to be assimilated by
microbial populations; therefore,
biodegradation is not expected.

Polyphosphate hydrolyzed faster than
solid ammonium polyphosphate and
anaerobic conditions, caused by flooding,
accelerated hydrolysis. (Measured)

OECD SIDS, 2007

Not applicable; this non-guideline
study is for the liquid form of
ammonium polyphosphate.

Soil Biodegradation w/
Product Identification

No data located.

Sediment/Water
Biodegradation

No data located.

Air Atmospheric Half-life Not a significant fate process (Estimated) |Professional judgment This substance is expected to exist
entirely in particulate form in air and
is not anticipated to undergo gas-
phase chemical reactions.

Reactivity Photolysis Not a significant fate process (Estimated) [Mill, 2000; Professional judgment|The substance does not contain

functional groups that would be
expected to absorb light at
environmentally significant
wavelengths.
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Hydrolysis

Not a significant fate process (Estimated)

Gard, 2005; Wanjie International
Co., 2007; PINFA, 2010; EFRA,
2011; Professional judgment

Hydrolysis is expected, mainly via
end-clipping of a monophosphate
unit to form monoammonium
phosphate. Qualitative statements
from manufacturers indicate
hydrolysis is slow, but increases with
prolonged exposure to water and
elevated temperatures. Hydrolysis is
not expected to occur at a rate that
would greatly reduce the polymeric
chain to a MW <1,000 g/mole.

Chemical hydrolysis of polyphosphates
proceeds slowly in sterile, neutral
solutions at room temperature.
Solubility is pH dependent: at pH > 7 the
substance will completely hydrolyze to
HPO,” and at pH 4-7 the substance will
completely hydrolyze to H,PO,".
(Measured)

OECD SIDS, 2007

Consistent with values reported in
other secondary sources.

Environmental Half-life

>180 days (Estimated)

Professional judgment

The substance has a MW >1,000 and
is not anticipated to be assimilated by
microorganisms. Therefore,
biodegradation is not expected to be
an important removal process. It is
also not expected to be removed by
other degradative processes under
environmental conditions because of
limited water solubility and limited
partitioning to air.
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Bioaccumulation

LOW: This ionic polymer is large, with a MW >1,000. It is expected to have negligible water solubility and
poor bioavailability indicating that it will have low potential for bioaccumulation based on professional

judgment.

Fish BCF <100 (Estimated) Professional judgment The substance has a MW >1,000 and
is not anticipated to be assimilated by
aquatic organisms; therefore,
bioconcentration is not expected.

BAF No data located.

Metabolism in Fish No data located.

ENVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

No data located.

Ecological Biomonitoring

No data located.

Human Biomonitoring

(CDC, 2011).

This chemical was not included in the National Health and Nutrition Examination Survey biomonitoring report
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Antimony Trioxide

Screening Level Hazard Summary
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the
substance including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard
information in the table below.

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

R Recalcitrant: Substance is comprised of metallic species that will not degrade, but may change oxidation state or undergo complexation processes under environmental conditions.
“ Ongoing studies may result in a change in this endpoint.

Human Health Effects Aquatic Environmental
Toxicity Fate
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“"Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame
retardants that may partition to sediment and particulates.
! This compound is included in the ongoing EPA Work Plan evaluation for Antimony Trioxide.
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Antimony Trioxide

_—5b CASRN: 1309-64-4

o~/ - MW: 291.5

@) Physical Forms:
/Sb\ Neat: Solid

(@)
St|)\‘\ éb MF: Sb,0; (Empirical)
J

o o Use: Flame retardant synergist

Representative Structure

SMILES: 0=[Sh]O[Sb]=0 (Empirical)

Synonyms: Antimony oxide; Antimony white; Antimony (I11) oxide; Antimonious oxide; Antimony sesquioxide; C.I. Pigment White 11; Diantimony trioxide; Patox
C; Thermoguard B; Timonox; Timonox White Star; Flowers of antimony; Exitelite; Senarmonite; Valentinite; Weiss-piessglanz

Chemical Considerations: This alternative is an inorganic compound. In the absence of experimental data, professional judgment using chemical class and structural
considerations were used to complete this hazard profile.

Polymeric: No
Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: None

Analog: Confidential antimony-containing salts and compounds Analog Structure: The analogs are confidential and cannot be suitably
Endpoint(s) using analog values: neurological toxicity represented here.

Structural Alerts: None

Risk Phrases: R40: Limited evidence of a carcinogenic effect (EU RAR, 2008) and H351: Suspected of causing cancer by inhalation (ESIS, 2012).

Hazard and Risk Assessments: Risk assessments completed for antimony trioxide by the European Union in 2008 (EU RAR, 2008) and the Subcommittee on
Flame-Retardant Chemicals (NRC, 2000).
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Antimony Trioxide CASRN 1309-64-4

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

656 (Measured) ICSC, 2005
655 (Measured) OECD SIDS, 2008
655 for the mineral valentinite Lide, 2008

570 for the mineral senarmontite
(Measured)

Adequate; measured in the absence
of oxygen.

Boiling Point (°C)

1,425 (Measured)

ICSC, 2005; Lide, 2008; O’ Neil,
2011

Adequate; decomposes on heating.

1,550 (Measured)

ATSDR, 1992; ICSC, 2005; OECD
SIDS, 2008

Reported as sublimation
temperature.

Vapor Pressure (mm Hg)

<10 (Estimated)

Professional judgment; 1999

Cutoff value for compounds that are
anticipated to be non-volatile

1 mm Hg at 574°C (Measured)

Sax, 1979; EU RAR, 2008

Value measured at a nonstandard
temperature. Result consistent with
a vapor pressure below criteria
cutoffs.

Water Solubility (mg/L)

14 at 30°C (Measured) ICSC, 2005 Water solubility of antimony
trioxide is pH dependent; pH for this
measurement not provided.

20 at pH 5; UBA, 2001 Reported values, which span a

30atpH9 relatively narrow range, are

(Measured) consistently reported in secondary

19.7 at pH 5; EU RAR, 2008 sources.

25.6atpH7;

28.7atpH9

Ten grams of the Sb,0; was mixed with
100 mL distilled water; agitated for 24
hours at 20°C, filtered an analyzed using
atomic absorption. (Measured)

4-92




Antimony Trioxide CASRN 1309-64-4

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

2.76 atpH 8
100 mg Sh,03 in 1-L reconstituted water
after 7 days (Measured)

Canada, 2010; OECD SIDS, 2008

This value, reported in secondary
sources with limited details, is one
order of magnitude (10 times) less
than other reported values listed
above. The difference between these
values (approximately 3 and 30 mg)
has no impact on the other endpoints
in this assessment and may be a
result of a typographical error in
either study or differences in study
methods, analysis, or reporting.

<28.7 (Measured)

ERMA, 2011

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

Dissolution in water decreases from pH 1
to pH 7. Above pH 7, the solubility
increases rapidly to pH 8, at which point a
new equilibrium is established.
(Measured)

OECD SIDS, 2008

Within multiple studies the data
demonstrate the pH dependency of
antimony trioxide solubility.

Log Kow

No data located; inorganic
compounds are outside the
estimation domain of EPI.

Flammability (Flash Point)

Not combustible (Measured)

ICSC, 2005

Adequate.

Explosivity Not expected (Estimated) Professional judgment No data located; based on its use as
a flame retardant.

Pyrolysis Not applicable (Estimated) Professional judgment Inorganic compounds do not
undergo pyrolysis.

pH Professional judgment This substance is not expected to

produce ions that would alter the pH
of the solution in aqueous
conditions.
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PKa

Not applicable; inorganic
compounds are outside the
estimation domain of SPARC
(2009).

HUMAN HEALTH EFFECTS

Toxicokinetics

Antimony trioxide is expected to have no absorption through skin and has poor absorption through the
lungs and gastrointestinal (Gl) tract according to experimental data. Following oral exposure, the majority
of antimony trioxide is excreted in the feces. The compound accumulates in lungs with inhalation exposure

due to slow absorption and clearance.

Dermal Absorption in vitro

A percutaneous study in human skin
showed 0.26% absorption

OECD SIDS, 2008

Reported in a secondary source,
limited study details provided.

Absorption, Oral, Dermal, or
Distribution, Inhaled
Metabolism &

Excretion

Not absorbed through the skin; poor
absorption through the lung and Gl tract
(Estimated by analogy)

Professional judgment

Based on closely related
confidential analogs with similar
structures, functional groups, and
physical/chemical properties.

Absorption in rats orally administered
2% antimony trioxide in the diet was
distributed to the thyroid, GI contents,
spleen, heart, bone, muscle, lungs, liver,
and Gl tissue. The highest
concentrations (concentrations not
specified) were found in the whole
blood, thyroid, and bones. The majority
(99%) is excreted in the feces and also in
urine within 7 days post-exposure.

NTP, 2005; OECD SIDS, 2008

Reported in a secondary source,
limited study details provided.
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Six groups of Sprague-Dawley rats were
administered antimony trioxide IP, IV,
or by gavage (100 or 1,000 mg/kg-bw).
Following oral administration, antimony
trioxide had low absorption (0.3% of
100 mg/kg-bw; 0.05% of 1,000 mg/kg-
bw), with a C,,..x at 24 hours and slower
elimination from the blood. Antimony
underwent significant distribution to the
tissues with the majority being found in
bone marrow and thyroid, followed by
the ovaries, spleen, liver, lung, heart,
femur, and skin. The majority of
antimony trioxide was excreted in the
feces and also in urine.

ECHA, 2011

Reported in a secondary source.

Occupationally exposed smelter workers
had increased (unspecified) levels of
antimony in blood and urine following
inhalation exposure

NTP, 2005

Reported in a secondary source,
occupational reports, no exposure
or duration details; detected
concentrations not specified.

Antimony has been detected in low
(unspecified) amounts in human breast
milk, placenta, amniotic fluid, umbilical
cord blood, and fetal liver

OECD SIDS, 2008

Reported in a secondary source,
limited study details provided:;
detected concentrations not
specified.

Dermal

No data located.

Inhalation

Occupational studies measured elevated
antimony levels in the lungs of smelter
workers both deceased and still living
(retired ~20 years) indicating that
antimony accumulates and is retained in
the lungs long after exposure stopped;
measured antimony in the lungs of
deceased smelter workers was 12 times
greater than in the lungs of unexposed
referents

EPA, 2002; NTP, 2005

Reported in a secondary source,
limited study details provided,;
detected concentrations not
specified.
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Fischer 344 rats (65/sex/group) were EPA, 2002; Newton et al., 1994 | The antimony trioxide atmosphere
exposed (whole-body) to antimony for treated rats was generated
trioxide dust at target concentrations of using fluidizing bed generators;

0, 0.05, 0.5, 0r 5.0 mg/m3 (duration- resulting dust-laden streams were
adjusted concentrations: 0, 0.01, 0.09, or then delivered into inhalation
0.80 mg/m?®) for 6 hours/day, 5 chambers.

days/week, for 1 year. The mass median
aerodynamic diameter (MMAD) was 3.7
microns, and sigma g was 1.7 for all
concentrations. Some animals were held
for an additional 1-year recovery period
and interim sacrifices were made at the
end of 6 and 12 months during exposure
as well as the end of the 6- and 12-
month post-exposure recovery time.

Lung clearance times were 2.3, 3.6, and
9.5 months for the low, mid-, and high-
concentration groups, exposed animals
retained 10.6, 120, and 1,460
micrograms/g lung tissue in the three
exposure groups, respectively, after 1
year of exposure.

Hamsters were exposed to pure EPA, 2002 Reported in a secondary source,
antimony trioxide (volume median limited study details provided.
diameter of 7.0 microns) or dust
containing 1.6% antimony (by weight)
via intratracheal instillation and lung
clearance was determined. The half-life
of elimination from hamster lungs was
2040 days.
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Acute Mammalian Toxicity

LOW: Antimony trioxide is considered of low acute toxicity for oral, dermal, and inhalation exposure.

Acute Lethality Oral

No deaths were reported in rats ATSDR, 1992 Reported in a secondary source,
administered antimony trioxide in food limited study details provided.
at <16,714 mg/kg-day

Rat oral LDs,>20,000 mg/kg EU RAR, 2008 Reported in a secondary source

Dermal

Rabbit dermal LDs
>8,300 mg/kg-bw

OECD SIDS, 2008

Reported in a secondary source,
limited study details provided.

Inhalation

Rat 4-hour LCs
>5,200 mg/m® dust (5.2 mg/L)

OECD SIDS, 2008

Reported in a secondary source,
limited study details provided.

Carcinogenicity

MODERATE: There is limited evidence that inhalation of antimony trioxide is carcinogenic in rats. There
was no carcinogenicity following inhalation to antimony trioxide dust in rats for 1 year. Other inhalation
studies reported a potential for lung tumors; however, these studies may be considered unreliable due to
study limitations. A 2 year cancer bioassay is in progress at National Toxicology Program (NTP).

OncoLogic Results

No data located. This inorganic
compound is not amenable to
available estimation methods.

and Mouse)

Carcinogenicity (Rat

No data located.
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Combined Chronic
Toxicity/
Carcinogenicity

Wistar rats (45/sex/group) were exposed
to 45 mg/m® antimony trioxide dust
(duration-adjusted concentration = 9.4
mg/m*; MMAD = 2.80) or 36-40 mg/m®
antimony ore (duration-adjusted = 7.9
mg/m*; MMAD = 4.78) up to 52 weeks
at 7 hours/day, 5 days/week. Interim
sacrifices were performed at 6, 9, and 12
months (5/sex/group) and the remaining
animals were allowed to recover for 20
weeks.

Slight decreases in body weight, and
slightly raised white and yellow foci
were observed on pleural surfaces in
lung. After 6 months, all animals
developed interstitial fibrosis, alveolar-
wall cell hypertrophy, and hyperplasia,
and cuboidal and columnar cell
metaplasia of the lungs. The affected
area increased in size after 12 months
and the extent of fibrosis increased after
4-5 months recovery.

An increased incidence (27%) of lung
tumors (squamous-cell carcinomas,
bronchoalveolar adenomas,
bronchoalveolar carcinomas, and
scirrhous carcinomas) was observed in
females only, while no lung tumors were
reported for controls.

Groth et al., 1986; EPA, 2002

Reported in a secondary source,
limited study details provided.
Only one concentration was tested.
Study conducted prior to the
implementation of guideline
studies developed from
standardized methodologies. The
chemical substance used in testing
also contained detectable levels of
arsenic, a known human
carcinogen.
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Rats exposed via inhalation to 4.01 mg
antimony/m® as antimony trioxide dust
for 6 hours/day, 5 days/week for 1 year
did not exhibit an increase in the
incidence of lung tumors.

Newton et al. 1994; ATSDR,
1992; EPA, 2002

Reported in a secondary source,
limited study details provided.
Units measured as mg
antimony/m?® as antimony trioxide.

Increased incidence of lung tumors was
observed in female rats exposed to 4.2 or
36 mg antimony/m? as antimony trioxide
dust 6 hours/day, 5 days/week, for 1
year.

Watt, 1980, 1983; ATSDR, 1992

Reported in a secondary source,
limited study details provided.
Units measured as mg
antimony/m® as antimony trioxide.
Only female rats were tested.
Study conducted prior to the
implementation of guideline
studies developed from
standardized methodologies.

Genotoxicity

MODERATE: Antimony trioxide does not appear to cause gene mutations in bacteria or mouse lymphoma
cells in vitro. While antimony trioxide caused chromosomal aberrations in B6C3F1 mouse bone marrow,
there were also negative results for chromosomal aberrations and micronuclei in in vivo studies of mice and
rats. Positive results were found in an in vivo inhalation micronucleus assay in B6C3F1 mouse peripheral
blood and bone marrow cells and for chromosomal aberrations in mouse bone marrow following oral
exposure for 21 days but the study had limitations. In vitro induction of sister chromatid exchange (SCE)
occurred in human lymphocytes and Chinese hamster V79 cells. Positive results were also observed in a

cytogenetic assay in human lymphocytes.

Gene Mutation in vitro

Negative in two Ames tests using EU RAR, 2008 Reported in a secondary source.

Salmonella strains TA1535, TA1537, Performed according to

TA100, TA98, and E. coli strains Organisation of Economic

WP2PuvrA and WP2P. Cooperation and Development
(OECD) Guideline 471 and good
laboratory practice (GLP).

Negative in the mouse lymphoma EU RAR, 2008 Reported in a secondary source.

L5178Y mutation assay.

Performed according to OECD
Guideline 476 and GLP.

Gene Mutation in vivo

No data located.
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Chromosomal
Aberrations in vitro

Positive in a cytogenetic assay using EU RAR, 2008
human lymphocytes isolated from two
different donors, with and without
metabolic activation.

Reported in a secondary source.
Performed according to OECD
Guideline 473 and GLP.

Positive for inducing SCE in human EU RAR, 2008
lymphocytes and V79 Chinese hamster
cells.

Reported in a secondary source.

Chromosomal
Aberrations in vivo

Positive in micronucleus bone marrow NTP, 2011
and peripheral blood assay in B6C3F1
male and female mice, inhalation
exposure.

Reported in a secondary source.
Study results are limited because
antimony trioxide appears to have
effects on erythroid colony
development.

Negative for an increase in the incidence | EU RAR, 2008
of micronuclei in CD-1 mice following
single (5,000 mg/kg) or repeat (400, 667,
or 1,000 mg/kg/day; males only) oral
administration of antimony trioxide
(bone marrow micronucleus assay).

Reported in a secondary source.
Performed according to OECD
Guideline 474 and GLP). No
lethality reported.

Negative in a chromosomal aberrations EU RAR, 2008
test in mouse bone marrow following
single gavage administration of 400, 667
or 1,000 mg/kg bw to male and female
Swiss albino mice (5/sex/group).
Observations were made 6, 12, 18 and
24 hours post exposure.

Reported in a secondary source.
Study results are limited because
no positive control was used and is
inadequate for determining hazard
designation.
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Positive in a chromosomal aberrations EU RAR, 2008 Reported in a secondary source.
test in mouse bone marrow following Study results are limited because
repeated gavage administration of 400, only male mice were tested,

667 or 1,000 mg/kg bw to male Swiss exposure to the highest dose was

albino mice (5/sex/group) daily for 21 lethal by day 20 of treatment, and

days. Observations were made on days no positive control was used.

7, 14, and 21. Frequencies of Lethality in this study was not

chromosomal aberrations were seen in other studies at similar

significantly increased in a dose- doses. Due to lethality, no

dependent manner, but did not show a chromosomal aberrations were

duration-dependent association. evaluated in the high dose group
on the day 21 observation. The EU
RAR considers these results to be
guestionable due to the
unexplained lethality in the high
dose group, and inconsistencies in
reporting.

Negative for chromosome aberrations EU RAR, 2008 Reported in a secondary source.

and micronuclei in the bone marrow of No lethality reported.

male and female Sprague-Dawley rats

(6/group) administered 250, 500, or

1,000 mg/kg bw/day for 21 days. The

mitotic index and percentage of

polychromatic erythrocytes showed no

evidence of bone marrow toxicity.

DNA Damage and Positive in two Bacillus subtilis Rec EU RAR, 2008 Reported in a secondary source.
Repair assays using strains H17 (Rec®) and M45
(Rec).
Negative in a rat liver unscheduled DNA | EU RAR, 2008 Performed according to OECD

synthesis study in male Alderly Park
AIPK:ApfSD rats (5/dose) following a
single oral dose of 3,200 or 5,000 mg/kg.

Guideline 486 and GLP.

Other (Mitotic Gene
Conversion)

No data located.
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Reproductive Effects

MODERATE: Reproductive effects following inhalation exposure to antimony trioxide cannot be ruled out.
A single reproductive study is available reporting a measured LOEC value of 0.21 mg/L antimony trioxide
dust in rats for difficulty conceiving and reduced numbers of offspring however, this study has limitations.

Oral repeated dose studies did not report changes in reproductive organs.

Reproduction/
Developmental Toxicity
Screen

No data located.

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

No data located.

Reproduction and
Fertility Effects

Rats exposed to 250 mg antimony
trioxide dust/m? for 4 hours/day
beginning 3-5 days before estrus,
through mating and gestation, until 3-5
days before birth (total 6378 days) had
difficulty conceiving and delivered
reduced numbers of offspring.

LOAEC = 209 mg/m® (0.21 mg/L)

ATSDR, 1992; EPA, 2002

Reported in secondary sources; a
NOAEC was not identified. There
is uncertainty as to the lowest
concentration at which effects
might occur. It is possible effects
may occur at lower concentrations.
Only one concentration was tested.
Study conducted prior to the
implementation of guideline
studies developed from
standardized methodologies.

Changes in menstrual cycles,
spontaneous late abortions, and early
interruption of pregnancies were
reported for female workers exposed to
antimony dusts at an antimony
metallurgical plant

ATSDR, 1992; EPA, 2002

Occupational exposures involving
mixed compounds, undefined
control group; reported in a
secondary source, limited study
details provided.

Rat and Mouse, oral (gavage), 4-week
repeated dose study; No effects on
testicular toxicity.

NOAEL = 1,200 mg/kg-day (highest
dose tested)

OECD SIDS, 2008

Reported in a secondary source;
study was not designed as a
reproductive study. It was not
specified if other reproductive
parameters were examined.
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Wistar rats, male and female, dietary
exposure 84-1,879 mg/kg-day for 90
days. No effects in testes <1,686 mg/kg-
day; No effects in ovaries and uterus
<1,879 mg/kg-day.

NOAEL = 1,686 mg/kg-day (male)
NOAEL = 1,879 mg/kg-day (female)
LOAEL = not identified

OECD SIDS, 2008

Reported in a secondary source,
study details and test conditions
were not provided. Did not
conduct a comprehensive
evaluation of reproductive
parameters, but did examine
reproductive organs. Sources cited
four significant figures in results.

Developmental Effects

LOW: Low potential for developmental effects based on expert judgment. Available data are insufficient to
determine a hazard designation for this endpoint. The highest concentration tested was identified as a
NOAEC (0.0063 mg/L), but a LOAEC was not identified. It is possible that effects could occur at
concentrations that could be designated as Moderate or High potential for hazard if tested at higher

concentrations.

Reproduction/
Developmental Toxicity
Screen

Low potential for developmental effects
(Estimated)

Expert judgment

Estimated based on expert
judgment.

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

No data located.
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Prenatal Development

Rats (strain not specified; 26
females/group) received 0, 1.5, 3.0, or
6.0 mg/m? antimony trioxide (actual
concentrations delivered: 2.6, 4.4, or 6.3
mg/m®) by nose-only inhalation on
gestation days (GD) 0 through 19 (6
hours/day). Particle size ranged from
1.59 - 1.82 microns.

No mortalities and no treatment-related
effects in the dams were reported for
clinical signs, body weight change, or
food consumption.

No evidence of fetotoxicity was
observed on GD 20 for implantation
rate, fetal sex ratios, fetal body weights
or crown-rump length, or fetal external,
visceral, or skeletal examinations.
Maternal gross examination revealed no
treatment-related effects for clinical
signs, food consumption or body weight
changes; however, histopathologic
examination found increased lung
weight (24%, 31%, and 39% over
controls at 2.6, 4.4, or 6.3 mg/m®,
respectively) at every dose level, with
diffuse accumulation of pigmented
alveolar macrophages, likely due to
phagocytosis and accumulation of
particulate matter of the test substance.

NOAEC developmental = 6.3 mg/m*
(0.0063 mg/L, highest dose tested)
LOAEC developmental = not established
NOAEC maternal = not established
LOAEC maternal = 2.6 mg/m®(0.0026
mg/L)

International Antimony Oxide
Industry Association, 2004

Reported in secondary source; a
LOAEL for developmental
toxicity was not identified in the
study. The highest dose tested did
not result in developmental
effects.
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Increased incidence of spontaneous
abortions in female workers at an
antimony metallurgy plant.

ATSDR, 1992

Reported in a secondary source,
limited study details provided.
Occupational exposures involving
mixed compounds, undefined
control group.

Postnatal Development

No data located.

Neurotoxicity

LOW: Potential for neurotoxicity based

mg/kg-day) for dogs and rabbits fall into the LOW hazard criteria range.

on professional judgment. The experimental LOAEL values (6,544

Battery (Adult)

Neurotoxicity Screening

No data located.

Developmental
Neurotoxicity

No data located.

Other Neurotoxicity

Dogs developed muscle weakness and ATSDR, 1992 Reported in a secondary source,
difficulty moving the hind limbs when no study details or test conditions
administered antimony trioxide by provided. A NOEL was not
gavage for 32 days. identified. There is uncertainty as
LOAEL = 6,544 mg/kg-day (only dose to the lowest dose at which effects
tested) might occur. It is possible effects
may occur at lower doses that
would warrant a moderate or high
hazard designation.
Abnormal gait was observed in rabbits ATSDR, 1992 Reported in a secondary source,

following a single dermal application
LOAEL= 6,685 mg/kg-day (only dose
tested).

limited study details provided.
This was a lethal dose in the range
finding study. A NOEL was not
identified. There is uncertainty as
to the lowest dose at which effects
might occur. It is possible effects
may occur at lower doses that
would warrant a moderate or high
hazard designation.
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Repeated Dose Effects

HIGH: Based on inhalation repeated dose LOAEC values ranging from 0.00092 to 0.045 mg/L dust in
experimental animals. Toxicity following inhalation of antimony trioxide dust is due to impaired lung
clearance and patrticle overload followed by inflammatory responses and fibrosis. LOAEL values indicate a
low hazard for repeated dose effects following oral administration and toxicokinetic studies indicate that
antimony trioxide is poorly absorbed when administered orally. A 2-year inhalation cancer bioassay in rats
and mice is in progress at NTP.

Several occupational studies examined EPA, 2002 Reported in a secondary source;
mine and smelter workers exposed to occupational exposures to airborne
airborne dust concentrations of up to 138 mixtures of antimony trioxide
mg/m? antimony trioxide (0.138 mg/L), and/or pentoxide.

and particle size averaging <5 mm,
concentrated in the mid lung region. A
common finding in the subjects
examined was antimony pneumoconiosis
characterized by diffuse, densely
distributed punctuate opacities, having a
round, polygonal or irregular shape, and
averaging <1 mm diameter.
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24 guinea pigs were exposed to 45.4 EPA, 2002 Reported in a secondary source,

mg/m?® antimony trioxide dust study details and test conditions

(approximately 38.1 mg antimony/m?) 2 were not provided. Only one

hours/day, 7 days/week for 2 weeks concentration tested. Study

followed by 3 hours/day for 8-265 days. conducted prior to the
implementation of guideline

Particle size was assumed to be <1 studies developed from

micron. Necropsy revealed increased standardized methodologies.

lung weight, interstitial pneumonitis, and

subpleural petechial hemorrhages in

animals exposed for >30 days.

Increased liver weight, fatty

degeneration, and cloudy swelling of the

liver were noted in animals exposed for

>48 days, and decreased white blood

counts and splenic hypertrophy and

hyperplasia were seen in about 50% of

the exposed animals.

LOAEC = 45.4 mg/m® (0.045 mg/L)

Inhalation exposure of rats, 6 hours/day, | ATSDR, 1992 Reported in a secondary source,

5 days/week >13 weeks resulted in study details and test conditions

proliferation of alveolar macrophages. were not provided. Study

LOAEC = 0.92 mg/m?(0.00092 mg/L) conducted prior to the
implementation of guideline
studies developed from
standardized methodologies.

Dogs developed severe diarrhea and ATSDR, 1992 Reported in a secondary source,

muscle weakness when administered study details and test conditions

antimony trioxide by gavage for 32 days. were not provided.

LOAEL = 6,544 mg/kg/day
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Fischer 344 rats (50/sex/group) were
exposed to target concentrations of O,
0.2, 1.0, 5.0, or 25.0 mg/m® (actual
concentrations were 0, 0.25, 1.08, 4.92,
or 23.46 mg/m?®) for 6 hours/day, 5
days/week, 13 weeks (duration-adjusted
concentrations = 0, 0.05, 0.19, 0.88, or
4.20 mg/ m?®, respectively). Interim
sacrifices (5/sex/group) were conducted
at weeks 1, 2, 4, 8, and 13, and some
animals were held an additional 27
weeks for recovery. Complete gross and
histopathological examinations were
conducted on all animals, while
hematology and clinical chemistry
analysis were performed for 5/sex/group
at exposure and recovery weeks 1,2,4,8,
and 13.

Body weight in males and females was
reduced at the two highest
concentrations, and mean and absolute
lung weights were increased in both
sexes at the two highest concentrations
during exposure and early part of
recovery. Gross necropsy revealed
discolored lungs and microscopic
examination found particle-laden and
degenerating macrophages, cellular
debris in the lumen of the alveoli,
pneumatocyte hyperplasia, and alveolar
wall thickening, which were still present
at week 27 of recovery.

NOAEL = 1.08 mg/m®(0.0011 mg/L)
LOAEL = 4.92 mg/m® (0.0049 mg/L)

Newton et al., 1994; EPA, 2002

Reported in a secondary source.
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Fischer 344 rats (65/sex/group) were
exposed (whole-body) to antimony
trioxide at target concentrations of 0,
0.05, 0.5, or 5.0 mg/m?® (duration-
adjusted concentrations: 0, 0.01, 0.09, or
0.80 mg/ m®) for 6 hours/day, 5
days/week for 1 year. Some animals
were held for an additional 1-year
recovery period and interim sacrifices
were made at the end of 6 and 12 months
during exposure as well as the end of the
6- and 12-month post-exposure recovery
time.

Gross and histopathological
examinations were conducted on all
animals and hematology analyses were
performed on subgroups at 12, 18, and
24 months.

Ophthalmoscopic evaluation found an
11, 2, 28 and 32% increased incidence of
cataracts from lowest to highest test
concentration, respectively.

Interstitial inflammation and
granulomatous inflammation were
observed at all concentrations. Statistical
analysis indicated a significant increase
in incidence and severity of these effects
at the high exposure in both sexes.

Pulmonary clearance was decreased by
80% in the high concentration group and
the clearance halftime was increased
from 2 months to 10 months.

LOAEC = 0.05 mg/m® (0.0005 mg/L)

Newton et al., 1994; EPA, 2002

Reported in a secondary source,
not a guideline study.
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Wistar rats (50 females/group) and EPA, 2002 Reported in a secondary source.
Sinclair S-1 miniature pigs (3 Study conducted prior to the
females/group) to 0, 1.9, or 5.0 mg/m? implementation of guideline
(duration-adjusted concentrations = 0, studies developed from
0.3, and 0.9 mg/m?, respectively) standardized methodologies.

antimony trioxide for 6 hours/day, 5
days/week for 1 year. Particle size was
0.44 and 0.40 microns for the low and
high concentrations, respectively.

Survival, hematology and clinical
chemistry were not affected by exposure
for either species. Lung weights were
increased and pulmonary focal fibrosis,
adenomatous hyperplasia,
multinucleated giant cells, cholesterol
clefts, pneumonocyte hyperplasia, and
pigmented macrophages were observed.

Necropsy revealed pulmonary
discoloration and increased alveolar-
intralveolar macrophages in both
exposure groups, while focal subacute-
chronic interstitial inflammation and
granulomatous inflammation observed in
the high exposure group.

LOAEC = 1.9 mg/m® (0.0019 mg/L,
lowest concentration tested)
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Wistar rats, male and female, dietary NTP, 2005 Reported in a secondary source.
exposure of 0, 1,000, 5,000, or 20,000
ppm (male: 0, 84, 421, 1,686 mg/kg-day;
female: 0, 97, 494, 1,879 mg/kg-day) for
90 days. In high-dose males: increased
triglycerides, red blood cells, and urine
volume; decreased alkaline phosphatase
activity. In high-dose females: increased
red blood cells, urine volume, serum
cholesterol, and aspartate and alanine
aminotransferase; decreased alkaline
phosphatase activity (mid-dose too) and
urine specific gravity.

NOAEL = 5,000 ppm (494 and 421
mg/kg-day in females and males,
respectively)

LOAEL = 20,000 ppm (1,879 and 1,686
mg/kg-day in females and males,
respectively)

Male Wistar rats, dietary exposure, 500 | NTP, 2005 Reported in a secondary source,
or 1,000 mg antimony trioxide/kg-day, study details and test conditions
for 24 weeks. Decreased red blood cell were not provided.

count; increased serum glutamic
oxaloacetic transaminase.
LOAEL =500 mg/kg-day

Rats (strain and sex not given), dietary NTP, 2005 Reported in a secondary source,
exposure, 670 mg antimony trioxide/kg- study details and test conditions
day, for 12 weeks. Decreased weight were not provided.

gain, spleen weight, and heart weight;
increased lung weight.

LOAEL = 670 mg/kg-day

(only dose tested)
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Rats (strain and sex not given), dietary
exposure, 420-490 mg antimony
trioxide/kg-day for 24 weeks. Decreased
weight gain, decreased red blood cells,
and cloudy swelling in hepatic cords.
LOAEL = 418 mg/kg-day

ATSDR, 1992; NTP, 2005

Reported in a secondary source,
study details and test conditions
were not provided.

Skin Sensitization

LOW: Antimony trioxide was not sensitizing in guinea pigs.

Skin Sensitization

Not sensitizing to guinea pigs.

OECD SIDS, 2008

Reported in a secondary source,
limited study details provided.

Respiratory Sensitization

No data located.

Respiratory
Sensitization

No data located.

Eye Irritation

LOW: Antimony trioxide is mildly irritating to rabbit eyes.

Eye Irritation

Instillation of 34.5-83.6 mg antimony
(as antimony trioxide) into the eyes of
rabbits did not produce irritation.

ATSDR, 1992

Reported in a secondary source,
limited study details provided.

Two studies showed reversible mild eye
irritation in rabbits.

OECD SIDS, 2008

Reported in a secondary source,
limited study details provided.

Dermal Irritation

MODERATE: Antimony trioxide is rep

orted to produce sKin irritation in

workers.

Dermal Irritation

Human case study reports have indicated
that antimony trioxide may cause
dermatitis on damp skin; irritation
associated with sweat ducts.

OECD SIDS, 2008

Reported in a secondary source,
human case study reports.

Endocrine Activity

No data located.

INo data located.
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Immunotoxicity Inhalation exposure to antimony trioxide caused decreased white blood counts and splenic hypertrophy and
hyperplasia in guinea pigs.
Immune System Effects | 24 guinea pigs were exposed to 45.4 EPA, 2002 Reported in a secondary source,
mg/m? antimony trioxide dust no study details and test conditions
(approximately 38.1 mg antimony/m?) 2 were provided. Only one
hours/day, 7 days/week for 2 weeks concentration tested.

followed by 3 hours/day for 8-265 days.

Particle size was assumed to be <1
micron.

Decreased white blood counts and
splenic hypertrophy and hyperplasia
were seen in about 50% of the exposed

animals.
LOAEC = 45.4 mg/m® (0.045 mg/L)
ECOTOXICITY
ECOSAR Class Not applicable
Acute Toxicity HIGH: Based on the acute toxicity value of 1.77 mg antimony (Sb)/L in Chlorohydra viridissima. Some

experimental acute toxicity values for fish and daphnia were in the Moderate hazard range, while other
experimental agquatic toxicity values for fish and daphnia exceed the water solubility of the compound.
Studies for algae were inadequate due to study limitations and uncertainties.

Fish LCs Lepomis macrochirus 96-hour LCs ECOTOX Inadequate; data exceeds

>530 mg/L (Experimental) measured water solubility of
compound; limited data make it
difficult to determine whether the
data refer to antimony ion or
antimony trioxide.

Danio rerio 96-hour LCs, >1,000 mg/L IUCLID, 2000 Inadequate; data exceeds
(Experimental) measured water solubility of
compound; limited data make it
difficult to determine whether the
data refer to antimony ion or
antimony trioxide.
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Pimephales promelas 96-hour LCs, ECOTOX
>80 mg/L (Experimental)

Inadequate; data exceeds
measured water solubility of
compound; limited data make it
difficult to determine whether the
data refer to antimony ion or
antimony trioxide.

Pimephales promelas 96-hour LCx, = EU RAR, 2008
14.4 mg Sb/L (Experimental)

Reported in a secondary source.
Test substance identified as SbCls.

Pagrus major (marine) 96-hour LCs, = EU RAR, 2008
6.9 mg Sb/L (Experimental)

Reported in a secondary source.
Test substance identified as SbCls;
uncertainties exist regarding test
concentrations and speciation so
this study was not considered
when designating hazard for this
endpoint.

Daphnld LC50

Daphnia magna 48-hour ECsy = ECOTOX
423 mg/L (Experimental)

Inadequate; data exceeds
measured water solubility of
compound; limited data make it
difficult to determine whether the
data refer to antimony ion or
antimony trioxide.

Daphnia magna 48-hour ECs, IUCLID, 2000
>1,000 mg/L (Experimental)

Inadequate; data exceeds
measured water solubility of
compound; limited data make it
difficult to determine whether the
data refer to antimony ion or
antimony trioxide.

Daphnia magna 48-hour LCs, = 12.1 mg | EU RAR, 2008
Sb/L (Experimental)

Reported in a secondary source.

Other Aquatic Invertebrates

Chlorohydra viridissima (hydra), 96- EU RAR, 2008
hour LCso = 1.77 — 1.95 mg Sh/L;
measured filtered (Experimental)

Reported in a secondary source.
Test substance identified as SbCl;;
reliable study conducted in a
sensitive species.
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Green Algae ECs, Pseudokirchneriella subcapitata 72-hour | ECOTOX Inadequate; reported in a

ECs = 0.73 mg /L (Estimated; based on secondary source; not a traditional

chlorophyll A concentration) endpoint for determining hazard
potential; Pseudokirchneriella
subcapitata is more recently
known as Raphidocelis
subcapitata.

Raphidocelis subcapitata 72-hour ECsx EU RAR, 2008 Reported in a secondary source.

>36.6 mg Sb/L (growth rate) Test substance identified as SbCls.

NOEC = 2.11 mg Sb/L (Experimental)

Raphidocelis subcapitata 72-hour ECx EU RAR, 2008 Reported in a secondary source.

>2.4 mg Sh/L (growth rate) Test substance identified as

There was a 3% inhibition of growth rate Sh,0;. uncertainties exist

at the limit concentration (2.4 mg/L) regarding the concentration

NOEC = 0.396 mg Sh/L response since the limit

LOEC =1.32 mg Sh/L concentration resulted in only a

(Experimental) 3% inhibition of growth rate
which is considered the most
sensitive endpoint; it is unclear
where a significant inhibition of
growth would occur.

Lemma minor 96-hour ECs, >25.5 mg EU RAR, 2008 Reported in a secondary source.

Sb/L;

NOEC =12.5 mg Sh/L

LOEC = 25.5 mg Sb/L (reduction in
frond production)

(Experimental)

Test substance identified as SbCls.

Chronic Aquatic Toxicity

MODERATE: Based on experimental LOECs ranging from 2.31 to 4.50 mg Sb/L in fish and daphnia.

Fish ChV

Pimephales promelas 28-day NOEC =
2.31 mg Sb/L; LOEC 4.50 mg Sbh/L
(growth — weight)

(Experimental)

EU RAR, 2008

Reported in a secondary source.
Test substance identified as SbCls.
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Pimephales promelas 28-day NOEC = EU RAR, 2008 Reported in a secondary source.
1.13 mg Sh/L (growth — length); LOEC Test substance identified as SbCls.
=2.31 mg Sh/L
(Experimental)
Pimephales promelas 28-day NOEC EU RAR, 2008 Reported in a secondary source.
>0.0075 mg Sb/L (growth) There were no effects reported at
(Experimental) the highest dose tested. Test
substance identified as Sbh,Os.
Daphnid ChV Daphnia magna 21-day NOEC = 1.74 EU RAR, 2008 Reported in a secondary source.

mg Sb/L; LOEC = 3.13 mg Sh/L
(Experimental)

Test substance identified as SbCls.

Daphnia ChV = 3.8 mg/L
(Estimated)

EPI; Professional judgment

Based on SARs (not
computerized) developed for
confidential antimony salts.

Green Algae ChV

No data located.

Chronic Toxicity to Soil Invertebrates

Folsomia candida (springtails) in Sb,03-
amended soil at measured concentrations
of 90, 322, 999, 2,930, and 10,119 mg
Sb/kg soil dry weight (dw).

Controls of uncontaminated field soil
and an untreated artificial soil were used
and a positive control using the herbicide
Betosip was used.

28-day LCs and ECs, (reproduction)
>10,119 mg Sh/kg dw

NOEC (reproduction) = 999 mg Sh/kg
dw

LOEC (reproduction) = 2,930 mg Sh/kg
dw

(Experimental)

Moser, 2007

Study conducted according to
OECD 207.
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Antimony Trioxide CASRN 1309-64-4

PROPERTY/ENDPOINT

DATA REFERENCE DATA QUALITY

ENVIRONMENTAL FATE

Transport

The limited mobility observed under experimental conditions and the low vapor pressure indicates that
antimony trioxide is anticipated to partition predominantly to soil and sediment. It will not volatilize from
water. Soil mobility and sediment adsorption tests indicate that antimony trioxide will be immobile in soil,
and therefore will not be expected to migrate into groundwater.

Henry’s Law Constant
(atm-m®mole)

<10°® (Estimated) Professional judgment Cutoff value for non-volatile
compounds. This inorganic

compound is not amenable to
available estimation methods.

Sediment/Soil
Adsorption/Desorption
Coefficient — K,

No significant evidence of mobility in EPA, 2006; EPA, 2004 Although not a guideline study, the
sand, clay, or sandy and silt loams when data suggest that antimony trioxide
tested at 100 uL concentration after 24 will have a K, >30,000, the cutoff
hours (Non-TSCA Protocol/Guideline) value for non-mobile substances.
(Measured)

Level 111 Fugacity Model

Not all input parameters for this
model were available to run the
estimation software (EPI).

Persistence

HIGH: Antimony trioxide is an inorganic substance containing metallic atoms that are likely to be found in
the environment for more than 180 days after release, resulting in a very high persistence/recalcitrant hazard
designation. Based on water solubility studies under a range of pH values, antimony trioxide is expected to
slowly dissolve resulting in the release of antimony ions and, depending on pH, be oxidized or reduced to
other oxidation states. Additionally, results from a pure culture study using autotrophic bacterium indicate
that antimony may be oxidized by bacteria. Antimony trioxide is not anticipated to undergo hydrolysis under
environmental conditions. Antimony trioxide does not contain functional groups expected to absorb light at
environmentally significant wavelengths, and therefore is not expected to photolyze. No degradation processes
for antimony trioxide under typical environmental conditions were identified.

Water

Aerobic Biodegradation

No data located.

Volatilization Half-life for
Model River

No data located.

Volatilization Half-life for
Model Lake

No data located.
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Antimony Trioxide CASRN 1309-64-4

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY
Soil Aerobic Biodegradation |Autotrophic bacteria, Stibiobacter EPA, 1985 Nonguideline study that

senarmontii, were grown in a mineral demonstrated that the half-life of
medium containing antimony trioxide antimony trioxide is anticipated to
during a pure culture study. Antimony be >180 days.
trioxide was oxidized at rates of 45.5-51.6
and 13.5-19.3 mg/month for senarmonite
and valentinite, respectively; little
oxidation occurred in the sterile medium.
(Measured)

Anaerobic No data located.

Biodegradation

Soil Biodegradation w/ No data located.

Product Identification

Sediment/Water 10 and 100 ppm antimony trioxide with  |ATSDR, 1992 Nonguideline study reported in a

Biodegradation added nutrients were incubated with secondary source that demonstrated
natural bottom sediment from Puget limited biodegradation.
Sound under aerobic or anaerobic
conditions for up to 120 days.
Three organoantimony biotransformation
products were found in solution after 60
days. Two of these were identified as
methylstibonic acid and dimethylstibonic
acid. No determination of rate or
conditions affecting the transformation
was made. However, it was estimated that
much less than 0.1% of the antimony
present was transformed. (Measured)

Air Atmospheric Half-life No data located.
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Antimony Trioxide CASRN 1309-64-4

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Reactivity

Photolysis Not a significant fate process (Estimated) |Boethling and Mackay, 2000; The substance does not contain
Professional judgment functional groups that would be
expected to absorb light at
environmentally significant
wavelengths.
Hydrolysis Reacts with acids producing Sb** UBA, 2001 Although hydrolysis may occur

[Sb(OH)4] (Measured)

compounds and bases producing

upon contact with strong acids or
bases, these data do not address the
potential for hydrolysis under
environmental conditions.

Environmental Half-Life

>180 days (Estimated)

Professional judgment

Antimony trioxide is an inorganic
compound. Antimony ions, oxides,
or hydroxides are expected to be
found in the environment >180 days
after release.

Bioaccumulation

LOW: Antimony trioxide is an inorganic compound and is not expected to

bioaccumulate.

Antimony trioxide is an inorganic

compound and is not anticipated to
bioaccumulate or bioconcentrate.

Fish BCF <100 (Estimated) Professional judgment
No reliable bioaccumulation or OECD SIDS, 2008
bioconcentration studies located.

BAF <100 (Estimated) Professional judgment

This inorganic compound is not
amenable to available quantitative
structure activity relationship
models.

Metabolism in Fish

No data located.

ENVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

Antimony trioxide has been detected in dust samples collected downwind from a copper smelting plant in
Washington state (Crecelius et al., 1975, as described in EPA, 1985). Antimony is thought to oxidize to antimony
trioxide in combustion and incineration processes (EU RAR, 2008). Antimony trioxide is found naturally occurring
in ores such as senarmonite, valentinite and exitelite (Canada, 2010).

Ecological Biomonitoring

No data located.
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Antimony Trioxide CASRN 1309-64-4
PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY

Human Biomonitoring Women working in an antimony metallurgical plant, exposed to unspecified amounts of antimony trioxide, metallic
antimony, and antimony pentasulfides were compared with a similar group of women not exposed to antimony. The
plant workers had ten times the antimony concentration in their blood compared to controls; additional sampling was
performed on urine, breast milk, placental tissue, amniotic fluid and umbilical cord blood samples (EPA, 1985). This
chemical was not included in the National Health and Nutrition Examination Survey biomonitoring report (CDC,
2011). Additionally, it was reported that antimony has been found in fetal liver as well as in human breast milk,
placenta, amniotic fluid and umbilical cord blood (EU RAR, 2008).
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Bis(hexachlorocyclopentadieno) Cyclooctane

Screening Level Hazard Summary
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the
substance including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard
information in the table below.

VL = Very Low hazard L = Low hazard '/ = Moderate hazard H = High hazard VH = Very High hazard — Endpoints in colored text (\VL, L, I/, H, and VH) were
assigned based on empirical data. Endpoints in black italics (VL, L, M, H, and VH) were assigned using values from estimation software and professional judgment.
S Based on analogy to experimental data for a structurally similar compound.

Human Health Effects Aquatic Environmental
Toxicity Fate
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“"Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants
that may partition to sediment and particulates.
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Bis(hexachlorocyclopentadieno) Cyclooctane

Cl CASRN: 13560-89-9

MW: 653.73

MF: C13H12C|12

Physical Forms:
Neat: Solid

Use: Flame retardant

SMILES: C(=C(C(C1(CI)CI)(C(C2CCC(C(C(=C(C34CI)CI)CI)(C3(CI)CI)CI)C4C5)C5)CI)CI)(C12CI)Cl

Synonyms: 1,4:7,10-Dimethanodibenzo[a,e]cyclooctene, 1,2,3,4,7,8,9,10,13,13,14,14-dodecachloro-1,4,4a,5,6,6a,7,10,10a,11,12,12a-dodecahydro-; 1,2,3,4,7,8,9,-
10,13,13,14,14-Dodecachloro-1,4,4a,5,6,6a,7,10,10a,11,12,12a-dodechydro-1,4:7,10-dimethanodibenzo[a,e]cyclooctene; 1,4:7,10-
Dimethanodibenzo(a,e)cyclooctene,1,2,3,4,7,8,9,10,13,13,14,14-dodecachloro-1,4,4a,5,6,6a,7,10,10a,11,12,12a-dodecahydro-; 1,6,7,8,9,14,15,16,17,17,18,18-
Dodecachloropentacyclo(12.2.1.16,9.02,13.05,10)octadeca-7,15-diene; Bis(hexachlorocyclopentadieno)cyclooctane; Dechloran A; Dechlorane 605; Dechlorane Plus;
Dechlorane Plus 1000; Dechlorane Plus 25; Dechlorane Plus 2520; Dechlorane Plus 35; Dechlorane Plus 515;
Dodecachlorododecahydrodimethanodibenzocyclooctane; Dodecachlorododecahydrodimethanodibenzocyclooctene; Dodecachloropenta-cycloctadeca-7,15 diene

Chemical Considerations: This is a discrete organic chemical with a MW below 1,000. EPI v 4.0 was used to estimate physical/chemical and environmental fate
values due to an absence of experimental data. Measured values from experimental studies were incorporated into the estimations.
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Polymeric: No
Oligomers: Not applicable

Metabolites, Degradates and Transformation Products: None

Analogs: Chlordane (57-74-9), decabromodiphenyl ether (decaBDE) (1163-19-5, | Analog Structures:
organochlorine pesticides, and confidential structures Br Br
Endpoint(s) using analog values: Carcinogenicity, genotoxicity, repeated dose Br o Br
Br Br Br Br
Br Br
Chlordane (57-74-9) DecaBDE (1163-19-5)

Structural Alerts: Aliphatic halogenated hydrocarbons, cyclic halogenated hydrocarbons for neurotoxicity, and chlorinated hydrocarbons for reproductive toxicity
(EPA, 2011).

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

Hazard and Risk Assessments: Risk assessment completed for bis(hexachlorocyclopentadieno) cyclooctane by the European Chemicals Bureau in 2007 (Pakalin et
al., 2007).
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Bis(hexachlorocyclopentadieno) Cyclooctane CASRN 13560-89-9

PROPERTY/ENDPOINT

| DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

Decomposes at 350°C (Measured)

Occidental Chemical Company,
2009

Material decomposes before melting.

Boiling Point (°C)

Decomposes at 350°C (Measured)

Occidental Chemical Company,
2009

Material decomposes before boiling.

Vapor Pressure (mm Hg)

<10°® (Estimated)

EPI; EPA, 1999

Cutoff value for non-volatile
compounds according to HPV
assessment guidance.

0.006 at 200°C (Measured)

Occidental Chemical Company,
2009

Value reported at an elevated
temperature.

Water Solubility (mg/L)

4.4x10°° (Measured)

Occidental Chemical Company,
2009

2.49x10™ (Measured)

Occidental Chemical Company,
2009

2.07x10™ to 5.72x10™ (Measured)

Chou etal., 1979

Adequate, nonguideline study.

Log Kow

11 (Estimated)

EPI; EPA, 1999

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

Flammability (Flash Point)

Nonflammable (Estimated)

Professional judgment

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

Explosivity Not expected to form explosive mixtures |Professional judgment No data located; based on its use as a
with air (Estimated) flame retardant.
Pyrolysis No data located.
pH Not applicable Professional judgment Does not contain functional groups
that are expected to ionize in
environmental conditions.
pK, Not applicable Professional judgment Does not contain functional groups

that are expected to ionize in
environmental conditions.
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Bis(hexachlorocyclopentadieno) Cyclooctane CASRN 13560-89-9

PROPERTY/ENDPOINT

| DATA | REFERENCE

DATA QUALITY

HUMAN HEALTH EFFECTS

Toxicokinetics

As a neat material, bis(hexachlorocyclopentadieno) cyclooctane is estimated to not be absorbed through the
skin and it is also estimated to have poor skin absorption when in solution. This compound is expected to be
poorly absorbed via the lungs and gastrointestinal tract. Bis(hexachlorocyclopentadieno) cyclooctane is not
easily absorbed in the gastrointestinal tract with 93-98% of an administered dose excreted through the feces
unchanged. Plasma levels peaked at 10 hours after administration; the highest levels of
bis(hexachlorocyclopentadieno) cyclooctane were found in the liver, where metabolism is thought to take
place, and in the ovaries. Bis(hexachlorocyclopentadieno) cyclooctane is excreted slowly if it is absorbed.

Dermal Absorption in vitro

No data located.

Absorption,
Distribution,
Metabolism &
Excretion

Oral, Dermal, or
Inhaled

Not absorbed through the skin as the neat | Professional judgment
material; poor skin absorption if in
solution; poor absorption from the lung
and gastrointestinal tract

(Estimated)

Based on closely related
confidential analogs with similar
structures, functional groups, and
physical/chemical properties.

In a toxicokinetic study, most excretion IUCLID, 2003
occurred through the feces unchanged
(93-98%), less than 0.1% was excreted in
urine and 0.004% excreted in expired air;
plasma levels peaked at 10 hours, and
tissue levels did not increase
proportionally with dose; after 4 days,
26% of radiolabeled chemical was
remaining in carcass; the highest levels
were found in the ovaries and liver.

Guideline study.

Oral

In a toxicokinetic study in rats, very little | Chou et al., 1979
of the chemical is absorbed in the gastro-
intestinal tract; 95% of administered
radioactive dose was excreted in the
feces; the small amount of chemical that
did absorb was then excreted slowly;
after absorption, the highest amount was
found in the liver where metabolism
takes place

Unpublished study, but sufficient
study details reported.
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Bis(hexachlorocyclopentadieno) Cyclooctane CASRN 13560-89-9

PROPERTY/ENDPOINT

DATA ‘ REFERENCE DATA QUALITY

Acute Mammalian Toxicity

LOW: Based on the acute oral and dermal toxicity values >3,160 mg/kg in rats and >8,000 mg/kg in rabbits,
respectively. Although the acute inhalation study in rats produced no deaths, the LCx, value of >2.25 mg
dust/L air (highest concentration tested) was not included in the hazard designation because there is
uncertainty regarding the potential for adverse effects between 2.25 and 5 mg/L.

Acute Lethality Oral Rat (Sherman-Wistar) oral LDs Occidental Chemical Not specified as a guideline study,
>25,000 mg/kg; no mortalities at highest | Company, 1992 but follows general Organisation of
dose tested (25,000 mg/kg) Economic Cooperation and

Development (OECD) guidelines.
Rat (Sprague-Dawley) oral LDsg IUCLID, 2003 Not specified as a guideline study
>3,160 mg/kg; no mortalities at the and reported in a secondary source,
highest dose tested (3,160 mg/kg) but follows general OECD
guidelines.

Dermal Rabbit dermal LDs, >8,000 mg/kg; no Occidental Chemical Not specified as a guideline study,
mortalities at highest dose tested (8,000 Company, 1992 but follows general OECD
mg/kg) guidelines.

Inhalation Rat inhalation 1-hour LCs,>300 mg IUCLID, 2003 Limited study details reported in a
dust/L air; no mortalities at highest dose secondary source; not the preferred
tested (300 mg dust /L air) 4-hour exposure.

Rat inhalation 4-hour LCs, >2.25 mg Occidental Chemical Not specified as a guideline study,
dust/L air (2,250 mg/m®); no mortalities | Company, 1992 but follows general OECD

at highest dose tested (2.25 mg dust/L guidelines.

air)

Carcinogenicity

MODERATE: There is potential for carcinogenicity based on analogy to chlordane and decaBDE, the latter
for expression of adverse effects in longer term studies. No carcinogenicity data regarding exposure to
Bis(hexachlorocyclopentadieno) cyclooctane located.

OncoLogic Results

Not amenable to available
estimation method.

Carcinogenicity (Rat
and Mouse)

There is potential for oncogenicity Professional judgment Estimated by analogy to chlordane.
(Estimated by analogy)
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Bis(hexachlorocyclopentadieno) Cyclooctane CASRN 13560-89-9

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Potential for carcinogenicity; increased
incidence of neoplastic nodules of the
liver in rats; equivocal evidence of
increased incidences of hepatocellular
adenomas or carcinomas and thyroid
gland follicular cell adenomas or
carcinomas in male mice.

(Estimated by analogy)

Professional judgment

Estimated based on the high
potential for bioaccumulation and
by analogy to observations on
decaBDE where adverse effects
were not present in 90-day studies
but were expressed following
chronic exposure in a National
Toxicology Program (NTP) study.

Combined Chronic
Toxicity/
Carcinogenicity

No data located.

Genotoxicity

MODERATE: There is estimated to be an uncertain potential for mutagenicity based on analogy to
chlordane. Bis(hexachlorocyclopentadieno) cyclooctane did not cause mutations in bacterial cells or
mammalian cells in vitro. A moderate hazard designation is assigned because of the uncertain potential for
genotoxicity based on chlordane and because there were no data located regarding the potential for
bis(hexachlorocyclopentadieno) cyclooctane to cause chromosomal aberrations.

Gene Mutation in vitro

Uncertain potential for mutagenicity
(Estimated by analogy)

Professional judgment

Estimated by analogy to chlordane.

L5178Y TK +/- cells with and without
metabolic activation.

Negative, Ames assay in Salmonella IUCLID, 2003 Not specified as a guideline study
typhimurium strains TA98, TA100, and reported in a secondary source,
TA1535, TA1537, TA1538 with and but follows general OECD

without metabolic activation. guidelines.

Negative, Mouse lymphoma assay in IUCLID, 2003 Not specified as a guideline study

and reported in a secondary source,
but follows general OECD
guidelines.

Gene Mutation in vivo

No data located.

Chromosomal No data located.
Aberrations in vitro
Chromosomal No data located.

Aberrations in vivo

DNA Damage and
Repair

No data located.
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Bis(hexachlorocyclopentadieno) Cyclooctane CASRN 13560-89-9

PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY

Other (Mitotic Gene No data located.
Conversion)

Reproductive Effects VERY LOW: Bis(hexachlorocyclopentadieno) cyclooctane did not cause reproductive effects at oral doses

as high as 5,000 mg/kg-day in a combined repeated dose/reproduction/developmental toxicity study in rats.

Reproduction/ No data located.
Developmental Toxicity
Screen
Combined Repeated No adverse effects were observed in an Brock et al., 2010 Guideline study (OECD 422).
Dose with oral (gavage) developmental and
Reproduction/ reproductive toxicity study in male and
Developmental Toxicity | female rats (exposure to males: 21 days
Screen premating, 14 day mating period, and 28

days after completion of mating period,;
exposure to females: 21 days premating,
14 days mating, and up to 25 days after
mating [gestation days (GD) 0 — lactation
day (LD) 3]); no effects on reproductive
or fertility indices through LD 4, and no
effects on implantation or fetal indices

through GD 20.
NOEL = 5,000 mg/kg-day (highest dose
tested)
Reproduction and No data located.
Fertility Effects
Developmental Effects VERY LOW: Bis(hexachlorocyclopentadieno) cyclooctane did not cause developmental effects at oral doses
as high as 5,000 mg/kg-day in a combined repeated dose/reproduction/developmental toxicity study in rats.
Reproduction/ No data located.
Developmental Toxicity
Screen
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Dose with
Reproduction/

Screen

Combined Repeated

Developmental Toxicity

No adverse effects were observed in an
oral (gavage) developmental and
reproductive toxicity study in male and
female rats (exposure to males: 21 days
premating, 14 day mating period, and 28
days after completion of mating period;
exposure to females: 21 days premating,
14 days mating, and up to 25 days after
mating [GD 0-LD 3]); no effects on fetal
development through LD 4, and no
effects on external and visceral
examinations through GD 20.

NOEL = 5,000 mg/kg-day (highest dose
tested)

Brock et al., 2010

Guideline study (OECD 422).

Prenatal Development

No data located.

Postnatal Development

No data located.
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PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Neurotoxicity

LOW: Bis(hexachlorocyclopentadieno) cyclooctane did not cause neurotoxic effects at oral doses as high as
5,000 mg/kg-day in a combined repeated dose/reproduction/developmental toxicity study in rats.

Neurotoxicity Screening
Battery (Adult)

No adverse effects were observed in a
28-day oral (gavage) study in male and
female rats; no effects observed in
functional observational battery
evaluations (activity/arousal, autonomic,
neuromuscular, physiological, and
sensimotor); a significant lower
frequency of urination was observed in
females exposed to 750 and 5,000 mg/kg-
day, but was not considered biologically
significant; a significant increase in
rearing counts for males exposed to 1,500
mg/kg-day during 20-30-min. trials, but
was considered not to be treatment
related.

NOEL = 5,000 mg/kg-day (highest dose
tested)

Brock et al., 2010

Guideline study (OECD 422).

4-133




There is a potential for chloracne.
(Estimated by analogy)

Professional judgment

Estimated by analogy to
organochlorine pesticides.

No adverse effects were observed in a
28-day oral (gavage) study in male and
female rats; no effects on in-life
parameters (clinical signs, food
consumption, body weight), clinical
pathology (hematology, coagulation,
clinical chemistry), or anatomic
pathology (organ weight, abnormalities,
microscopic).

NOEL = 5,000 mg/kg-day (highest dose
tested)

Brock et al., 2010

Guideline study (OECD 422).
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PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY
In a 28-day inhalation (dust) study (6 Occidental Chemical Not specified as a guideline study,
hour/day, 5 days/week) in rats, a Corporation, 1992 but follows general OECD

significantly increased absolute liver
weight with hepatocytomegaly of
centrilobular hepatocytes, increased
absolute lung weights, and increased
numbers of macrophages in the alveoli in
both males and females were observed.
There were no effects on body weight,
signs of toxicity, urinalysis, hematology,
clinical chemistry, or gross pathology.

LOAEC = 0.64 mg/L (lowest
concentration tested)

guidelines.

In a 90-day oral (dietary) study in rats, Occidental Chemical
there were no significant treatment- Corporation, 1992
related effects observed; no effects on
body or organ weights, urinalysis,
clinical chemistry or hematology; there
was a non-significant increased absolute
and relative liver weights that were not
associated with histopathological lesions.
NOAEL = 100,000 ppm (highest dose
tested)

Not specified as a guideline study,
but follows general OECD
guidelines.
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In a 28-day dermal exposure (5
day/week, on shaved abraded skin) study
in rabbits, no significant treatment-
related adverse effects were observed. No
effects on body weights, urinalysis,
hematology, clinical chemistry, gross
pathology, or histopathology; a
significant decrease in liver and ovary
weights were reported in female rats,
though there were no associated changes
in absolute organ weights or
histopathological effects.

NOAEL = 2,000 mg/kg-day (highest
dose tested)

Occidental Chemical
Corporation, 1992

Not specified as a guideline study,
but follows general OECD
guidelines.

Potential for repeated dose effects
(Estimated by analogy and
bioaccumulation)

Professional judgment

Estimated based on the high
potential for bioaccumulation and
by analogy to observations on
decaBDE where adverse effects
were not present in 90-day studies
but were expressed following
chronic exposure in a NTP study.

Skin Sensitization

LOW: Bis(hexachlorocyclopentadieno) cyclooctane was not a skin sensiti

zer in one study of guinea pigs.

Skin Sensitization

Negative for skin sensitization, guinea
pigs

Brett, 1975

Not specified as a guideline study,
but follows general OECD
guidelines (modified Buehler).

Respiratory Sensitization

No data located.

Respiratory
Sensitization

No data located.

Eye Irritation

VERY LOW: Bis(hexachlorocyclopenta

dieno) cyclooctane is not an eye-i

rritant in rabbits.

Eye Irritation

Non-irritant, rabbit

Occidental Chemical
Corporation, 1992

Not specified as a guideline study,
but follows general OECD
guidelines.

Dermal Irritation

LOW: Estimated not to cause dermal irritation based on expert judgment.
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Dermal Irritation

Low potential for dermal irritation.
(Estimated)

Expert judgment

Estimated based on expert
judgment.

Endocrine Activity

No data located.

| No data located.

Immunotoxicity

No potential immunotoxic effects identified by expert judgment.

| Immune System Effects

| No data located.

ECOTOXICITY

ECOSAR Class

Vinyl/allyl halides

Acute Toxicity

consistent with this hazard call.

LOW: Estimated data suggest no effects at saturation (NES) for the acute aquatic toxicity endpoints;
experimental study details provided are insufficient to assess the hazard of acute aquatic toxicity, but are

Fish LCsg

TLso >100 mg/L - highest dose tested
(static conditions) (Experimental)

Lepomis macrochirus (bluegill) 96-hour | IUCLID, 2003 Sufficient details were not available

TLso >100 mg/L - highest dose tested to assess the quality of this study

(flow-through conditions) (Experimental) (non-good laboratory practice
(GLP), study was given a Klimish
code of 3 - invalid).

Lepomis macrochirus (bluegill) 96-hour | IUCLID, 2003 Sufficient details were not available

to assess the quality of this study
(non-GLP, study was given a
Klimish code of 3 - invalid).

Fish 96-hour LCs = 1.89x10° mg/L
(Estimated)
ECOSAR: Vinyl/allyl halides

ECOSAR version 1.11

NES: The log K, of 11 for this
chemical exceeds the structure
activity relationship (SAR)
limitation for log K, of 5.0; NES
are predicted for these endpoints.
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Fish 96-hour LCy, = 7.2x10°® mg/L ECOSAR version 1.11
(Estimated)
ECOSAR: Neutral organics

NES: The log K, of 11 for this
chemical exceeds the SAR
limitation for log K, of 5.0; NES
are predicted for these endpoints.
Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided
by ECOSAR classes that have a
more specific mode of action
relative to narcosis.

Daphnid LCx,

Daphnid 96-hour LCs = 2.07x10°® mg/L | ECOSAR version 1.11
(Estimated)
ECOSAR: Vinyl/allyl halides

NES: The log K, of 11 for this
chemical exceeds the SAR
limitation for log K, of 5.0; NES
are predicted for these endpoints.

Daphnid 96-hour LCs, = 1.27x10° mg/L | ECOSAR version 1.11
(Estimated)
ECOSAR: Neutral organics

NES: The log K, of 11 for this
chemical exceeds the SAR
limitation for log K, 0f 5.0; NES
are predicted for these endpoints.
Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided
by ECOSAR classes that have a
more specific mode of action
relative to narcosis.

Green Algae Green Algae ECsg

Green algae 96-hour ECg, = ECOSAR version 1.11
5.4x10°® mg/L

(Estimated)

ECOSAR: Vinyl/allyl halides

NES: The log K, of 11 for this
chemical exceeds the SAR
limitation for log K,,, of 6.4; NES
are predicted for these endpoints.
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Green algae 96-hour ECy, = ECOSAR version 1.11 NES: The log K, of 11 for this
0.00025 mg/L chemical exceeds the SAR
(Estimated) limitation for log K, of 6.4; NES
ECOSAR: Neutral organics are predicted for these endpoints.

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

Chronic Aquatic Toxicity

LOW: Estimated data suggest NES for chronic aguatic toxicity endpoints.

Fish ChVv Fish 30-day ChV = 1.31x10° mg/L ECOSAR version 1.11 NES: The log K, of 11 for this
(Estimated) chemical exceeds the SAR
ECOSAR: Vinyl/allyl halides limitation for log K, of 8.0; NES
are predicted for these endpoints.
Fish 30-day ChV = 5.57x10"" mg/L ECOSAR version 1.11 NES: The log K, of 11 for this
(Estimated) chemical exceeds the SAR
ECOSAR: Neutral organics limitation for log K, of 8.0; NES

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

Daphnid ChV = 6.06x10° mg/L
(Estimated)
ECOSAR: Neutral organics

ECOSAR version 1.11

NES: The log K, of 11 for this
chemical exceeds the SAR
limitation for log K, of 8.0; NES
are predicted for these endpoints.
Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided
by ECOSAR classes that have a
more specific mode of action
relative to narcosis.

Green Algae ChV

Green algae ChV = 6.52x10™ mg/L
(Estimated)
ECOSAR: Vinyl/allyl halides

ECOSAR version 1.11

Chemical may not be soluble
enough to measure this predicted
effect; the toxicity value was
determined from a predicted SAR
using established acute to chronic
ratios (ACRs) and ECOSAR
regression techniques; NES: the log
Kow Of 11 for this chemical exceeds
the SAR limitation for log Ko, of
8.0; NES are predicted for these
endpoints.
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Green algae ChV = 0.00049 mg/L ECOSAR version 1.11 Chemical may not be soluble
(Estimated) enough to measure this predicted
ECOSAR: Neutral organics effect; the toxicity value was
determined from a predicted SAR
using established ACRs and
ECOSAR regression techniques;
NES: the log K, of 11 for this
chemical exceeds the SAR
limitation for log K, of 8.0; NES
are predicted for these endpoints.
Narcosis classes (neutral organics)
are provided for comparative
purposes; DfE assessment
methodology will use the lowest
estimated toxicity value provided
by ECOSAR classes that have a
more specific mode of action
relative to narcosis.
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PROPERTY/ENDPOINT DATA REFERENCE DATA QUALITY
Henry’s Law Constant  |7.4x10° (Estimated) EPI
(atm-m*/mole)
Sediment/Soil >30,000 (Estimated) EPI; EPA, 2004 Cutoff value for non-mobile

Adsorption/Desorption
Coefficient — K,

compounds.

4,500,000 (Measured)

IUCLID, 2003 (citing from Chou
etal., 1979)

Insufficient details were reported to
assess the quality of this nonguideline
study; however the results are
consistent with other high MW,
highly halogenated compounds.

Level 111 Fugacity Model

Air <1% (Estimated)
Water = 5%

Soil = 92%
Sediment = 3%

EPI

Persistence

Antarctic locations.

VERY HIGH: The persistence for bis(hexachlorocyclopentadieno) cyclooctane is a result of experimental
degradation studies and estimations based on quantitative structure activity relationships (QSARS). Studies
with aerobic and anaerobic sewage-sludge microorganisms reported no biodegradation in 2-3 to 6 weeks,
respectively. Bis(hexachlorocyclopentadieno) cyclooctane has low water solubility and hydrolysis is not
expected to be an important fate process; the two allylic chlorines capable of hydrolysis are at bridgehead
locations which renders them resistant to displacement. Photolysis is not expected to be an important removal
process with a measured degradation rate of <10% after 168 hours. Compiled, these degradation endpoints
suggest a half-life >180 days. Environmental monitoring data supports a designation of very high persistence.
Bis(hexachlorocyclopentadieno) cyclooctane has been detected in many places, including remote Arctic and

Water

Aerobic Biodegradation

0% degradation after 21 days;

0.001 and 100 mg/L
bis(hexachlorocyclopentadieno)
cyclooctane dilutions made in water
inoculated with 2 mL/L settled sewage-
sludge containing microorganisms
(Measured)

IUCLID, 2003; Occidental
Chemical Company, 2009

Adequate, nonguideline study.

0% after 14 days; not readily
biodegradable (Measured)

IUCLID, 2003; Occidental
Chemical Company, 2009

Adequate, nonguideline study.
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Volatilization Half-life for|8 days (Estimated) EPI
Model River
Volatilization Half-life for|100 days (Estimated) EPI
Model Lake
Soil Aerobic Biodegradation |<1% degradation after 2 weeks; MITI, 1998 Adequate, guideline study.
OECD 301C measuring biochemical
oxygen demand; 100 ppm
bis(hexachlorocyclopentadieno)
cyclooctane with 30 ppm activated sludge
inoculum (Measured)
Anaerobic Not probable (Anaerobic-methanogenic EPI
Biodegradation biodegradation probability model)
(Estimated)
0% after 2-6 weeks; IUCLID, 2003; Occidental Nonguideline study; sufficient details
Using C-14 labeled Chemical Company, 2009 were not available to assess the
bis(hexachlorocyclopentadieno) quality of this study.
cyclooctane; with anaerobic sewage sludge
inoculum (Measured)
Soil Biodegradation w/ No data located.
Product Identification
Sediment/Water No data located.
Biodegradation
Air Atmospheric Half-life 5.6 hours (Estimated) EPI
Reactivity Photolysis Half-life: >24 years (Measured) IUCLID, 2003 Adequate; nonguideline study.

Reported as <10% after 168 hours

Hydrolysis

Not a significant fate process (Estimated)

Wolfe and Jeffers, 2000;
Professional judgment

The substance does not contain
functional groups that would be
expected to hydrolyze readily under
environmental conditions.
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Environmental Half-life

>180 days (Estimated) EPI; PBT Profiler Half-life estimated for the
predominant compartment, as
determined by EPI and the PBT
Profiler methodology.

Bioaccumulation

HIGH: Estimated BAF and available monitoring data suggest very high potential for
bis(hexachlorocyclopentadieno) cyclooctane bioaccumulation.

Fish BCF 23 to 121 (carp) (Measured); MITI, 1998 Guideline study measured at a water
14 to 96 (bluegill) (Measured) solubility of 0.0027 mg/L.
1.97 at 96 hours to 7.02 at 48 hours IUCLID, 2003 Nonguideline study.
Lepomis macrochirus
(Measured)
BAF 23,000 (Estimated) EPI
Metabolism in Fish No data located.

ENVIRONMENTAL MONITORING AND BIOMONITORING

Environmental Monitoring

Bis(hexachlorocyclopentadieno) cyclooctane was detected in the particulate phase of air samples at 6 locations in
the Great Lakes region and Lake Erie and Lake Michigan sediment (Hoh et al., 2006); in Japanese industrial zones
along the Pacific coast (Kubota, 1979); in Ottawa, Canada residential indoor dust samples (Zhu et al., 2007; Dodson,
2012); in indoor dust collected from an e-waste recycling area and two control areas (rural and urban) in South
China (Zheng et al., 2010); and in atmosphere and seawater samples taken from East Greenland Sea and the
northern and southern Atlantic, toward Antarctica (Moller et al., 2010, 2011).

Ecological Biomonitoring

Bis(hexachlorocyclopentadieno) cyclooctane has been detected in archived fish (walleye) samples from Lake Erie
(Hoh et al., 2006); Ring-Billed Gulls from Canada (Gentes et al., 2012); fish from Lake Winnipeg and Lake Ontario
food webs; five different fish species in South Korea; and plasma of nestling bald eagles (Sverko et al., 2011 citing
Tomy et al., 2007; Kang et al., 2009 and Venier et al., 2010 ).

Human Biomonitoring

This chemical was not included in the National Health and Nutrition Examination Survey biomonitoring report
(CDC, 2011). Bis(hexachlorocyclopentadieno) cyclooctane was measured in human hair and indoor dust collected
from an e-waste recycling area and two control areas in South China (Zheng et al., 2010); it was detected in serum
samples in Guiyu and Haojiang (Ren et al., 2009) and Laizhou Bay residents (He et al., 2013).
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Bisphenol A Bis-(diphenyl phosphate), BAPP

Screening Level Hazard Summary
This table only contains information regarding the inherent hazards of flame retardant chemicals. Evaluation of risk considers both the hazard and exposure associated with the
substance including combustion and degradation by-products. The caveats listed in the legend and footnote sections must be taken into account when interpreting the hazard
information in the table below.

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

S Based on analogy to experimental data for a structurally similar compound.

® The highest hazard designation of a representative component of the oligomeric mixture with MWs <1,000.
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“"Aquatic toxicity: EPA/DfE criteria are based in large part upon water column exposures which may not be adequate for poorly soluble substances such as many flame retardants
that may partition to sediment and particulates.
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BAPP

CASRN: 181028-79-5

MW: 693 (n = 1); >1,000 (n = 2)

MF:

9 9 CaoH3404P, (n =1; CASRN 5945-33-5)
O0—P—0 O—P—O0—; Physical Forms:

| | Neat: Solid

0 o)

Use: Flame retardant

SMILES: ¢1(C(C)(C)c2ccc(OP(=0)(0Oc3ccccce3)Oc3ccccc3)cc2)cec(OP(=0)(0c2ccccc2)Oc2ccccc2)ecl (n = 1; CASRN 5945-33-5)

Synonyms: Phosphoric trichloride, reaction products with bisphenol A and phenol; Phosphoric acid, isopropylidene di-p-phenylene tetraphenyl ester; 2,2-Bis[4-
[bis(phenoxy)phosphoryloxy]phenyl]propane; 4,4'-(Isopropylidenediphenyl) bis(diphenyl phosphate); Bisphenol A bis(diphenyl phosphate); Bisphenol A tetraphenyl
diphosphate; BADP; BDP; BPADP; Fyrolflex BDP; Phosphoric acid, P,P'-[(1-methylethylidene)di-4,1-phenylene] P,P,P',P'-tetraphenyl ester for 5945-33-5

Chemical Considerations: This alternative is a polymer. The oligomer where n = 1 (also referred to as CASRN 5945-33-5) has a MW <1,000 and is amenable to EPI
v4.0 estimation methods for physical/chemical and environmental fate values in the absence of experimental data. In commerce, CASRN 5945-33-5 is used

interchangeably with 181028-79-5 and both represent in practice a substance that is 80+% BAPP with higher homologues (n=1, 2 or 3). Bisphenol A (CASRN 80-05-
1), triphenyl phosphate (CASRN 115-86-6) and phenol (CASRN 108-95-2) are potential impurities in commercial formulations (NICNAS NA/773, 2000). The higher

MW oligomers that have MWs >1,000 are assessed together using information contained in the literature concerning polymer assessment and professional judgment
(Boethling et al., 1997).
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Polymeric: Yes
Oligomers: The n = 1 structure comprises 80-85% of the mixture, with the balance primarily made up of higher oligomers (n = 2, 3, 4, etc.). The commercial mixture
contains triphenyl phosphate as an impurity.

Metabolites, Degradates and Transformation Products: None identified. Degradation of BAPP has been demonstrated in experimental studies (Ilwami, 1994;
Hogg, 1997; Armstrong and White, 1999); however the degradates have not been identified. Degradation of BAPP by sequential dephosphorylation could produce
phenol (CASRN 108-95-2), diphenyl phosphate (CASRN 838-85-7), and bisphenol A (CASRN 80-05-1). The importance of dephosphorylation relative to possible
competing pathways has not been demonstrated in a published study. Therefore the hazards of the theoretical degradation products were not considered in this hazard
assessment.

Analogs: Confidential compounds Analog Structures: No structure provided for confidential compounds.
Endpoint(s) using analog values: Developmental effects; neurotoxicity

Structural Alerts: None

Risk Phrases: For CASRN 5945-33-5 R53 - May cause long-term adverse effects in the aquatic environment (ESIS, 2012; under review CLH, 2011).

Hazard and Risk Assessments: Risk assessment completed for BAPP by the National Industrial Chemicals Notification and Assessment Scheme (NICNAS NA/869,
2000; NICNAS NA/773, 2000).
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Bisphenol A Bis-(diphenyl phosphate) CASRN 181028-79-5 and 5945-33-5

PROPERTY/ENDPOINT

|

DATA

REFERENCE

DATA QUALITY

PHYSICAL/CHEMICAL PROPERTIES

Melting Point (°C)

41.3-68.6 (Measured)

Hogg, 1997; NICNAS NA/773,
2000

Results from differential scanning
calorimetry analysis were originally
reported as a boiling point range of
41.3-68.6°C in the NICNAS
document. The melting point range is
likely from a commercial product or
mixture.

7; OECD 102 (Measured)

Chemtura, 2011

Reported for oligomer where n=1
(CASRN 5945-33-5).

Boiling Point (°C)

>201 (decomposes) (Measured)

Hogg, 1997

Reported to decompose without
boiling at temperatures above
201°C.

>240 — 250 (Measured)

Lightbody, 1999

Inadequate; the reported data are for
a commercial mixture.

Decomposes above 350 without boiling;
Organisation of Economic Cooperation
and Development (OECD) 103
(Measured)

Chemtura, 2011

Reported for oligomer where n=1
(CASRN 5945-33-5).

Vapor Pressure (mm Hg)

<9x10°®at 25°C (Extrapolated)

Tremain, 1997

Although a definitive value could not
be reported in this study, the test
chemical contained 1-3% triphenyl
phosphate and residual phenol,
which may have contributed to
scatter in the data. These results
suggest, however, that the EPI
estimates for this endpoint are
reasonable.
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Bisphenol A Bis-(diphenyl phosphate) CASRN 181028-79-5 and 5945-33-5

PROPERTY/ENDPOINT

DATA REFERENCE

DATA QUALITY

2.1x10® (Estimated, n = 1) EPI; Boethling et al., 1997

Although the higher MW oligomers
are outside the domain of the
available estimation methods, their
vapor pressures are anticipated to be
below the cutoff values.

2.3x10™"% at 25°C (Extrapolated) Tremain, 2000; Boethling et al.,

1997

Inadequate; the data are for the
commercial mixture extrapolated to
25°C. However, the data are
consistent with a vapor pressure
below the cutoff values for the higher
MW oligomers.

1x10° OECD 104 (Measured) Chemtura, 2011

Reported for oligomer where n=1
(CASRN 5945-33-5).

Water Solubility (mg/L)

0.389—0.462 (Measured) Hogg, 1997

Although the commercial mixture
was likely used as test material, the
reported value provides an upper
boundary for the most soluble
component of the mixture, the
oligomer with n = 1. The experiment
was performed in acidic conditions
(pH 5.5-6) and the purity of the test
chemical was not specified.

<107 (Estimated) EPI; Boethling et al., 1997

Estimated data based on the
predominant oligomer component,

n =1, representing 85% of the
commercial mixture. Although the
higher MW oligomers are outside the
domain of the available estimation
methods, their water solubility values
are anticipated to be below the cutoff
values.
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Bisphenol A Bis-(diphenyl phosphate) CASRN 181028-79-5 and 5945-33-5

PROPERTY/ENDPOINT

DATA REFERENCE

DATA QUALITY

<2x102 (Measured) Lightbody, 1999

Inadequate; the reported data are for
a commercial mixture.

Log Kow

>6 (Measured) Iwami, 1995

The commercial mixture was likely
used as test material; cutoff too low
to address endpoints for the hazard
assessment.

>10 (Estimated) EPI; Boethling et al., 1997

Estimated data based on the
predominant oligomer component,

n = 1, representing 85% of the
commercial mixture. Although the
higher MW oligomers are outside the
domain of the available estimation
methods, their K, values are
anticipated to be above the cutoff
values.

4.0 (n=1); 5.2 (n = 2) (Measured) Lightbody, 1999

Inadequate; the reported data are for
a commercial mixture. The results
are more consistent with the
measured value for the triphenyl
phosphate impurity (log Kow=4.59)
than with the BAPP oligomers.

4.5,>4.9; OECD 107 (Measured) Chemtura, 2011

Reported for oligomer where n=1
(CASRN 5945-33-5).

Flammability (Flash Point)

>300 (Measured) NICNAS NA/773, 2000

>360, closed cup (Measured) NICNAS NA/869, 2000

Reported in a secondary source,
study details and test conditions were
not provided.

281; European Economic Community
(EEC) method No A9 (Measured)

Chemtura, 2011

Reported for oligomer where n=1
(CASRN 5945-33-5).

Explosivity Not explosive; EEC method No A14 Chemtura, 2011 Reported for oligomer where n=1
(Measured) (CASRN 5945-33-5).
Pyrolysis No data located.
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Bisphenol A Bis-(diphenyl phosphate) CASRN 181028-79-5 and 5945-33-5

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

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

pKa Not applicable Professional judgment Does not contain functional groups

that are expected to ionize under
environmental conditions.

HUMAN HEALTH EFFECTS

Toxicokinetics

Based on professional judgment, absorption is not expected for any route of exposure for the neat material.
Poor absorption of the low MW fraction in solution can be expected in all routes.

Dermal Absorption in vitro

No data located.

Absorption,
Distribution,
Metabolism &
Excretion

Oral, Dermal or Inhaled

No absorption is expected for any route
of exposure; poor absorption of low MW
fraction (0% <500, 85% <1,000) in
solution by all routes

(Estimated by analogy)

Professional judgment

Based on closely related
confidential analogs with similar
structures, functional groups, and
physical/chemical properties.

Acute Mammalian Toxicity

LOW: Based on oral and dermal LDs, v

alues of >2,000 mg/kg in rats for

its predominant component. No data located regarding the acute inhalati

both the commercial mixture and
on hazard.

Acute Lethality

Oral

Rat oral LDs, >2,000 mg/kg

NICNAS NA/869, 2000

Reported in a secondary source.
Study conducted according to
OECD guidelines (OECD 401).
Data are for commercial mixture.

Rat oral LDs, >2,000 mg/kg

NICNAS NA/773, 2000

Reported in a secondary source.
Study conducted according to
EEC/OECD guidelines (OECD
401). Data are for the predominant
component.

Dermal

Rat dermal LDs, >2,000 mg/kg

NICNAS NA/869, 2000

Reported in a secondary source.
Study conducted according to
EEC/OECD guidelines (OECD
402). Data are for commercial
mixture.
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Bisphenol A Bis-(diphenyl phosphate) CASRN 181028-79-5 and 5945-33-5

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Rat dermal LDs, >2,000 mg/kg

NICNAS NA/773, 2000

Reported in a secondary source.
Study conducted according to
EEC/OECD guidelines (OECD
402). Data are for the predominant
component.

Inhalation

No data located.

Carcinogenicity

MODERATE: BAPP may have low potential for carcinogenicity based on expert judgment; there were no
structural alerts in the molecule. However, there is uncertainty regarding the carcinogenicity of BAPP due
to the lack of data for this substance. Carcinogenic effects cannot be completely ruled out.

OncoLogic Results

No data located; not amenable to
available estimation methods.

Carcinogenicity (Rat
and Mouse)

Combined Chronic
Toxicity/
Carcinogenicity

Low potential for carcinogenicity.
(Estimated)

Expert judgment

Estimated based on expert
judgment; no data located.

Genotoxicity

LOW: There is uncertain potential for mutagenicity based on experimental studies. Neither the commercial
mixture nor the predominant component induced gene mutations in several in vitro assays in bacteria and
did not induce chromosomal aberrations in Chinese hamster ovary (CHO) or Chinese hamster lung (CHL)
cells in vitro. The commercial mixture did not increase micronucleated polychromatic erythrocytes in

mouse bone marrow cells in vivo.

Gene Mutation in vitro

Negative, Ames assay (standard plate) in
Salmonella typhimurium strains TA98,
TA100, TA1537, TA1535, and E. coli
WP2uvrA with and without metabolic
activation

NICNAS NA/869, 2000

Sufficient study details were
reported in a secondary source;
used OECD test guidelines (OECD
471 & 472). Data are for
commercial mixture.

Negative, Ames assay (standard plate) in
Salmonella typhimurium strains TA98,
TA100, TA1537, TA1535, and E. coli
WP2uvrA with and without metabolic
activation

NICNAS NA/773, 2000

Sufficient study details were
reported in a secondary source;
used OECD test guidelines (OECD
471 & 472). Data are for the
predominant component.

Gene Mutation in vivo

No data located.
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Bisphenol A Bis-(diphenyl phosphate) CASRN 181028-79-5 and 5945-33-5

PROPERTY/ENDPOINT

DATA

REFERENCE

DATA QUALITY

Chromosomal
Aberrations in vitro

Uncertain potential for mutagenicity
based on a positive result for
chromosome aberrations in CHL cells
(Estimated by analogy)

Professional judgment

Based on a structurally similar
confidential analog.

Negative, did not produce chromosomal
aberrations in CHO cells with and
without metabolic activation

NICNAS NA/869, 2000

Sufficient study details were
reported in a secondary source;
used OECD test guidelines (OECD
473). Data are for commercial
mixture.

Negative, did not produce chromosomal
aberrations in CHL cells with and
without metabolic activation

NICNAS NA/773, 2000

Sufficient study details were
reported in a secondary source;
used EC/EEC test guidelines (EC
Directives 87/18/EEC and
88/320/EEC). Data are for the
predominant component.

Chromosomal
Aberrations in vivo

Negative; did not increase
micronucleated polychromatic
erythrocytes in bone marrow cells of
mice treated with 2,000 mg/kg at 0 and
24 hours. No mortalities or adverse

effects were observed in treated animals.

NICNAS NA/869, 2000

Sufficient study details were
reported in a secondary source;
used OECD test guidelines (OECD
474). Data are for commercial
mixture.

DNA Damage and
Repair

No data located.

Other (Mitotic Gene
Conversion)

No data located.

Reproductive Effects

LOW: Estimated to have low potential f

or reproductive effects based on

expert judgment. No data located.

Reproduction/
Developmental Toxicity
Screen

Combined Repeated
Dose with
Reproduction/
Developmental Toxicity
Screen

Low po