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Via CDX and Electronic Mail
January 28, 2020

Office of Pollution Prevention and Toxics

U.S. Environmental Protection Agency

1200 Pennsylvania Avenue, NW (MC-7401M)
Washington, DC 20460

Re: Request for Risk Evaluation under the Toxic Substances Control Act;
Octamethylcyclotetrasiloxane (D4; CASRN: 556-67-2)

Dear Sir or Madam:

Pursuant to § 6(b)(4)(C)(ii) of the Toxic Substances Control Act (TSCA) and 40 C.F.R. § 702.37, Dow
Silicones Corporation, Elkem Silicones USA Corporation,, Evonik Corporation, Momentive Performance
Materials, Shin-Etsu Silicones of America, Inc., and Wacker Chemical Corporation, through the Silicones
Environmental, Health and Safety Center (SEHSC), formally request that the U.S. Environmental
Protection Agency (EPA or Agency) conduct a risk evaluation of Octamethylcyclotetrasiloxane (D4;
CASRN: 556-67-2). The attached document with appendices provides the information required in 40
C.F.R. 8 702.37(b) for the submission of a manufacturer request for a risk evaluation. Included with this
submission is a draft risk evaluation for D4 that has been prepared in accordance with EPA’s Guidance to
Assist Interested Persons in Developing and Submitting Draft Risk Evaluations under the Toxic
Substances Control Act, June 2017 for the Agency’s consideration as provided for in TSCA § 26(1)(5).
This draft risk evaluation addresses the requirements set forth in TSCA § 6(b)(4)(F) and takes into
account the scientific standards and weight of the scientific evidence requirements established in TSCA
8§ 26(h) and (i).

Should you have any questions or desire further information, please do not hesitate to contact Tracy
Guerrero at (202) 249-6196 or tracy_guerrero@americanchemistry.com. We look forward to working
with the Agency on this Manufacturer Requested Risk Evaluation.

Sincerely,

%,LK;Z««,

Karluss Thomas
Sr. Director

Cc:  Dow Silicones Corporation
Elkem Silicones USA Corporation
Evonik Corporation
Momentive Performance Materials
Shin-Etsu Silicones of America, Inc.
Wacker Chemical Corporation
Keller and Heckman
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A. Introduction

In 2014, the Silicones Environmental, Health, and Safety Center (SEHSC) entered into the
Octamethylcyclotetrasiloxane (D4) (CASRN 556-67-2) Enforceable Consent Agreement (ECA)
with the U.S. Environmental Protection Agency (EPA or Agency) to develop environmental
exposure data to support a scientifically robust environmental risk assessment for D4.
Undertaking such an environmental monitoring program was, to our knowledge, unprecedented
under the Toxic Substances and Control Act (TSCA) and an ECA. This agreement was an
extension of the silicone industry’s voluntary stewardship efforts to support greater scientific
understanding of the health and environmental safety of siloxanes used in consumer and
industrial applications.

In 2017, the Agency received the Final Report containing the results of the environmental
monitoring program conducted pursuant to the ECA. (See docket EPA-HQ-OPPT-2012-0209.)
As detailed in the Final Report, the monitoring program resulted in the generation of a robust,
valid dataset. Consistent with the design of the program, those data can be used to characterize
and understand sources and pathways of the release of D4 to the environment and the resulting
environmental exposures to D4.

Following the enactment of the Frank R. Lautenberg Chemical Safety for the 21st Century Act
and EPA’s issuance of Procedures for Chemical Risk Evaluations under the Amended Toxic
Substances Control Act (U.S. EPA 2017b), the SEHSC, on behalf of its members, compiled
information to support a Manufacturer Request for Risk Evaluation (MRRE) of D4. In addition,
a draft risk evaluation for D4 (draft D4 RE) was prepared in accordance with EPA’s Guidance to
Assist Interested Persons in Developing and Submitting Draft Risk Evaluations under the Toxic
Substances Control Act (U.S. EPA 2017a) for the Agency’s consideration as provided for in
TSCA § 26(1)(5). The draft D4 RE, which is included in this document (See Appendix 2, the
draft D4 RE), addresses the requirements set forth in TSCA § 6(b)(4)(F) and the scientific
standards and weight of the scientific evidence requirements established in TSCA 8§ 26(h) and

(D).

This document with attachments (Submission) provides the information specified in 40 C.F.R. §
702.37(b) for MRREs. The D4 manufacturers making this MRRE (i.e., the Submitting Entities)
believe that the contents of this Submission fulfill the requirements for an MRRE of D4 under

TSCA and that the Submission is complete and sufficiently robust to enable the Agency to
conduct a timely risk evaluation and risk determination on D4.

B. Elements

1. Submitting Entities

Pursuant to 40 C.F.R. § 702.37(b)(1) the following manufacturers of D4, through SEHSC, are
formally requesting that the Agency conduct a risk evaluation of D4 for the conditions of use
described herein.

o Dow Silicones Corporation
e Elkem Silicones USA Corporation
e Evonik Corporation
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e Momentive Performance Materials
e Shin-Etsu Silicones of American, Inc.
e Wacker Chemical Corporation

Each of these entities has provided in Appendix 1 the required Contact Information pursuant to

40 C.F.R. § 702.37(b)(1).

2. Substance Identity

Pursuant to 40 C.F.R. § 702.37(b)(2), the substance that is the subject of this request is D4. D4 is
a monoconstituent substance. The following provides the chemical nomenclature and key
molecular characteristics to describe D4.

Chemical Name:

Octamethylcyclotetrasiloxane

CAS number:

556-67-2

IUPAC name:

2,2,4,4,6,6,8,8-octamethyl-1,3,5,7,2,4,6,8-tetroxatetrasilocane

Other names:

D4, cyclotetrasiloxane

Molecular formula: CgH2404Si4
Molecular weight range: [296.61 g/mol
Structural formula:
/ I\

\/ \/
/\ /\

Si

\/
/\

3. Conditions of Use Requested for Evaluation

Consistent with TSCA § 3(4) and as defined in 40 C.F.R. § 702.33, “conditions of use” means
the circumstances, as determined by the Administrator, under which a chemical substance is
intended, known, or reasonably foreseen to be manufactured, processed, distributed in
commerce, used, or disposed of. The conditions of use requested for evaluation in this MRRE are
described in Section 4 of the draft D4 RE. In brief, those conditions of use include the
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manufacture of D4, processing of D4 as a reactant or by incorporation into a formulation,
mixture, or reaction product, and commercial/consumer uses of products that include D4 in their
manufacture (e.g., adhesives and sealants, automotive care products, cleaning and furnishing care
products, paints and coatings, plastic and rubber products, polishes and sanitation goods, and
soaps and detergents) and disposal. Although certain of those uses (e.g., personal care products,
food contact materials, and over the counter medication) do not meet TSCA’s definition of a
“chemical substance,” the SEHSC conservatively chose to consider them in the draft D4 RE
included with this Submission.

4. Information Relevant to Risk Evaluation

Pursuant to 40 C.F.R. § 702.37(b)(4), an MRRE must include a list of all the existing
information that is relevant to whether the chemical substance, under the circumstances
identified by the manufacturer(s), presents an unreasonable risk of injury to health or the
environment. The list must be accompanied by an explanation as to why such information is
adequate to permit EPA to complete a risk evaluation addressing the circumstances identified by
the manufacturer(s).

To address this requirement and recognizing that EPA must base its risk evaluations on the “best
available science” and the “weight of the scientific evidence” per TSCA §§ 26(h) and (i), a
protocol was developed and implemented for the systematic review of information regarding D4.
The review, which is based on the Agency’s Application of Systematic Review in TSCA Risk
Evaluations (U.S. EPA. 2018), focused on information in the following topical areas:

e Physical-chemical properties
e Conditions of Use

e Fate

e Engineering and Exposure

e Human Health Hazard

e Environmental Hazard

A detailed description of the approach and results of the review is provided in the draft D4 RE,
Section 2. SEHSC believes that this systematic review process has enabled it to identify
sufficient relevant information for the MRRE and to provide a draft risk evaluation for D4 that is
consistent with the Agency’s goal of “high-quality, fit-for-purpose risk evaluations that rely on
the best available science and the weight of the scientific evidence within the context of TSCA.”
(U.S. EPA 2018).

Physical, Chemical, & Environmental Fate Properties

Relevant information regarding D4 found in the D4 Chemical Safety Report under REACH
(CSR), the UK’s Environmental Agency’s Environmental Risk Assessment D4 (UK EA) and
Environment Canada/Health Canada’s 2008 Screening Assessment (EC/HC) is presented in the
draft D4 RE, Section 3. Physical-chemical properties reported in these sources (physical state,
melting/freezing point, boiling point, and density) are considered reliable and were not reviewed
further. However, available studies and literature on vapor pressure, water solubility, and
partition coefficients were reviewed (see draft D4 RE Appendix B). A summary of the
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information on all the above physical-chemical properties is provided in the draft D4 RE,
Section 3.

The environmental fate properties of hydrolysis, phototransformation, biodegradation soil
sorption and desorption, and bioaccumulation are also reviewed in the draft D4 RE, Section 3.

a. Hazard and Exposure Potential

Information pertaining to any human health hazards of D4 is presented in the draft D4 RE,
Section 6.1. This includes a human health hazard assessment that relies on an extensive
toxicological database which has been reviewed and assessed in the peer reviewed literature as
well as by regulatory authorities. Notably, the hazards identified in the D4 toxicological database
occur at high concentrations, which exceed the metabolic capacity of the test systems often
leading to secondary nonspecific toxicity. These hazards are therefore conservative endpoints to
use in a human health hazard assessment for D4.

Information pertaining to any ecological hazards of D4 is presented in the draft D4 RE, Section
6.2. This includes an ecological hazard assessment that relies on information found in the D4
CSR and the UK’s EA. In addition, a literature search was conducted to capture information that
has become available subsequent to the publication of these authoritative reviews. Studies and
literature that have not been evaluated by one of these authoritative publications were reviewed
following the procedure described in the draft D4 RE, Section 6.

Information pertaining to human health exposures to D4 is presented in the draft D4 RE, Section
5.1. This includes a human health exposure assessment that assesses and quantifies the potential
exposure of D4 to workers, consumers, and the general population, including those who may be
at a greater risk of adverse health effects from exposure. The approach used in the exposure
assessment incorporates the requirements set forth in EPA’s Procedures for Chemical Risk
Evaluation under the Amended Toxic Substances Control Act (U.S. EPA 2017b). The exposures
are based on conceptual models of D4 worker, consumer, and general population exposure
pathways as discussed in the draft D4 RE, Section 4.2.1.

Information pertaining to ecological exposures to D4 is presented in the draft D4 RE, Section
5.2. This includes an ecological exposure assessment that was accomplished using distributions,
rather than conservative point estimates, of exposure with measured concentrations of D4 to
obtain a realistic view of the probability of harm. This approach is consistent with EPA’s stated
intent to “strive to utilize probabilistic approaches for exposure assessments used in a risk
evaluation” (U.S. EPA 2017b). The approach used in the exposure assessment incorporates the
requirements set forth in EPA’s Procedures for Chemical Risk Evaluation under the Amended
Toxic Substances Control Act (U.S. EPA 2017b) moving beyond the standard deterministic
hazard quotient technique to incorporate additional advanced methods for characterizing risk. A
conceptual model of D4 release and exposure pathways to ecological receptors and key sources
of information used for this evaluation are described in the draft D4 RE, Section 4.2.1.

Environmental monitoring data that were collected during a U.S. national monitoring program
for D4 under the ECA are utilized in the ecological exposure assessment. The ECA provided
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measured concentrations of D4 in the following media: effluent of direct discharge (DD)
WWTPs (i.e., those from D4 manufacturer/processor/formulator facilities that have onsite
wastewater treatment plants and discharge pursuant to their own permits in lieu of sending
effluent to a municipal wastewater treatment facility); influent and effluent of municipal
WWTPs; biosolids of municipal WWTPs; and surface water, sediment, and biota (benthic
invertebrate and fish species) within the mixing zones of receiving waters.

b. Persistence and Bioaccumulation

Information relevant to the persistence and bioaccumulation of D4 is presented in the draft D4
RE, Sections 3.3.5, 6.2.3, 7.2.6, and 8.2.

P, B and T are considered different but inter-related properties and a conclusion regarding D4 must
consider integrating all three properties together and should include all available lines of evidence
to determine the real potential for D4 to lead to concerns in the environmental media where it is
found. In addition, all papers and reports should be assessed in detail, using pre-defined criteria
for quality and relevance to develop scores (on a relative scale) to separate those of greater quality
from those of lesser quality and the relevant from the less-relevant results. Inclusion of all the
papers and reports should be done to help to reduce selection bias, however a greater weight should
be placed on information and data obtained under more relevant environmental conditions.

When using the weight-of-evidence approach as defined by Bridges and Solomon, 2017, and as
described above, D4 does not qualify as a persistent, bioaccumulative and toxic (PBT).

Persistence

It is important to understand the overall distribution and fate of D4 in the environment, which is
dictated by its unique physico-chemical properties due mainly to the inorganic backbone chain of
Si-O-Si units. Since D4 is predominately released to air and will partition readily when released
to other compartments to air where it is degraded more rapidly than in other matrices, D4’s
presence in the environment is much shorter and would be considered easily reversible if sources
were to cease. D4 may have a much shorter half-life in air based on actual monitoring data (Xu et
al., 2019) and additional work is underway to assess this hypothesis.

D4 is readily degraded by benthic organisms (Selck et al., 2018). As indicated in Selck et al.,
2018 “Persistence is evaluated by measuring the compound’s microbial degradation half-lives in
water, sediment or soil (in the absence of eukaryotes), which leads to the conclusion by the
authors that “interactions between microbes and eukaryotes enhance microbial activity, which
may further increase microbial degradation, thereby decreasing P below what is measured in
standard tests.” Although D4 is persistent in sediment under standardized laboratory testing, this
work raises the need for understanding true environmental persistence of D4 under more relevant
environmental conditions whereinteractions between microbes and eukaryotes are factored in. In
addition although D4 may be present in sediment to some extent but by its nature the sediment
does not give an elevated potential for uptake of the strongly-adsorbed D4 into biota. Lastly,
benthic organisms are clearly capable of metabolism of D4, and there is no demonstrated toxicity
to these organisms so the relevance of meeting a bright line criteria in a standard laboratory test
IS questioned.
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An additional publication also questions the persistence of D4 based on multi-media modelling
(Kim et al., 2018). In case of a cessation of emissions, modelling studies generally show a
relatively fast initial reduction in concentrations even in sediment, which is caused by the
degradation of airborne D4. Monitoring data from a measurement campaign in Lake Storvannet
Norway (Krogseth et al., 2014) clearly demonstrated while there were detectable levels of D4
emitted into the lake, lake water concentrations of D4 were below Level of Detection (LOD) and
D4 was not detected in surface sediments in the lake. This illustrates that D4 residence time in the
water/sediment phase is not long.

Bioaccumulation

The available data with regard to the assessment of the bioaccumulative (“B”) criterion for D4
comprise laboratory studies of the bioconcentration factor (BCF) and the biomagnification factor
(BMF), laboratory and field studies of the biota-sediment accumulation factor (BSAF), and field
studies of the trophic magnification factor (TMF).

Dietary biomagnification is the main route of uptake for bioaccumulation of highly lipophilic
substances, as research indicates that at naturally-occurring food/water concentration ratios,
uptake of highly lipophilic chemicals (i.e., log KOW >6) from water into biota is low compared
to uptake via consumption of contaminated foodstuffs, with the importance of dietary uptake
increasing with increasing lipophilicity (Thomann, 1989; Qiao et al., 2000). Uptake via water
may be an important exposure route in aquatic ecosystems for lower trophic level species, but
uptake from food becomes increasingly more significant as trophic position increases. Other data
demonstrates that fish are able to significantly eliminate and metabolize D4 from their tissues
(Domoradzki et al., 2015, a, b, c), which supports field studies (Powell et al. 2009, Powell et al.
2010, McGoldrick et al. 2014) and modelling (Kim et al. 2015) demonstrating that food web
biomagnification of D4 does not occur. Field studies that demonstrate biomagnification of D4
(Borga et al. 2012, Borga et al. 2013, Jia et al. 2015) appear to have been strongly biased by
variable exposure of food web organisms that migrate across concentration gradients in the study
areas (Kim et al. 2015). Consequently, the weight of evidence of the collective information for
D4 indicates that food web biomagnification of D4 does not occur in the environment.

It is difficult to clearly interpret a BCF ratio in the context of understanding biomagnification in
the environment of highly lipophilic substances. Because of this, the depuration (elimination)
and metabolism rates from laboratory studies (in particular, metabolism interpreted from dietary
exposures) can be assessed to better predict the behavior of D4 in the environment. Depuration
rates show that elimination of D4 from fish is moderately fast (Huggett, 2015, a, b). Depuration
rates from sediment organisms may be faster still (Krueger et al., 2010; Selck, 2014). Indeed,
based on the collective reliable depuration rates available for D4, the use of elimination half-life
as a metric for the bioaccumulation potential of chemicals, as proposed by Goss et al. (2013),
indicates that D4 is not likely to bioaccumulate. There is also clear evidence of metabolism of
D4 in aquatic organisms (Domoradzki et al., 2015, a, b, ¢); with a constant metabolism rate (kM)
in mature fish of >0.01 d-1 (equivalent to a half-life of <70 days). Modelling (Kim et al. 2015)
demonstrates that trophic dilution of D4 (in contrast to trophic magnification) can only occur if
D4 undergoes biotransformation. These findings further support the lack of biomagnification
potential in the environment

Silicones Environmental, Health and Safety Center Page | 7



The interpretation of field TMF data available for D4 is complicated by several confounding
factors, such as concentration gradients, sediment-water fugacity ratios (Fsw), organism
migration, and the biotransformation rate in the ecosystem studied (Kim et al. 2015). In such
complex ecosystems TMF will be biased unless these confounding factors are integrated into the
TMF calculations.

Bioaccumulation in the environment is a function of bioconcentration and biomagnification and
both processes must be taken into consideration when evaluating D4 as a potential B substance.
Based on a review of all the lines of evidence, BCF alone is not a reliable indicator of whether
the substance in reality poses a risk to the environment. If all influencing factors are considered
in the assessment, there is a clear indication that D4 will not biomagnify, but will biodilute in the
environment, and therefore D4 should not be considered a potential B substance.

All lines of evidence and the potential concerns for bioaccumulation have been considered.
Concerns are highest for lower trophic level species because direct uptake from water is most
significant for organisms at lower trophic levels with bioconcentration (i.e. the BCF) being the
most significant process of bioaccumulation. Under field conditions uptake from food becomes
increasingly more significant as trophic position increases and dietary uptake (i.e. trophic
magnification; TMF) will be the key determinant of concentration and possible toxicity in
organisms that occupy higher trophic positions, such as fish. As previously discussed, D4
undergoes trophic dilution in the environment and therefore does not represent a concern to
higher trophic level organisms.

e Some compounds possess a high BCF without trophic transfer. Although water is an
exposure route for lower trophic level organisms, a concern for bioaccumulation would
require presence in water, high persistence in water, low potential for elimination from
biota at the lower trophic levels and the potential for toxicity to these organisms. These
factors are not evident for D4, because the substance is volatile, poorly soluble, and not
highly persistent in the majority of natural waters. Its presence in surface water is low to
non-existent (Knoerr, 2014), the rate of elimination from biota is moderately high and
there is no demonstrated toxicity in aquatic species.

e The substance is persistent in sediment, but sediment does not give an elevated potential
for uptake of the strongly-adsorbed D4 into biota. In addition to this, benthic organisms
are capable of metabolism (Selck, 2014), and there is no demonstrated toxicity to these
organisms (Woodburn and Powell, 2014).

The overall conclusions on the individual parameters based on the above lines of evidence are:
Persistence

e The overall persistence, balanced across all compartments, for the substance is low.
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Bioaccumulation
e The substance does not biomagnify in aquatic food chains.
e The substance does not biomagnify in terrestrial food chains.

The overall conclusion is that D4 should not be considered PBT when taking into account all
lines of evidence from the robust data available.

c. Potentially Exposed or Susceptible Subpopulations

The human health risk characterization for D4 included in the draft D4 RE integrates the human
health hazard and exposure assessments into quantitative assessments of risk for worker,
consumer, and general population exposures including potentially exposed or susceptible
subpopulations identified as pregnant or lactating women, infants and children, and subsistence
fisherman. See the draft D4 RE, Sections 4 — 8 (i.e., 8§ 4.2, 4.3, 5.1, 7.1, and 8.3) for further
discussion of potentially exposed or susceptible subpopulations.

d. Storage Near Significant Sources of Drinking Water

Information regarding the potential storage of D4 near significant sources of drinking water as
identified by the Submitting Entities is being submitted under separate cover directly to the
Agency by those companies due to confidentiality claims.

D4 storage locations near significant sources of drinking water typically have spill prevention
control and countermeasure plans in place and/or utilize other containment measures or practices
to minimize the potential for any accidental releases involving D4 to impact any nearby waters.
As noted in the draft D4 RE, Section 5.1.4.2, the presence of D4 in drinking water is considered
unlikely based on the physico-chemical properties of the substance (e.g., low water solubility,
high volatility, etc.). See the draft D4 RE, Section 3.3 for a further discussion of the
environmental fate of D4.

It is also noted that D4 is not regulated under any of the following authorities:

- Safe Drinking Water Act (SDWA) - National Primary Drinking Water Regulations
(40 C.F.R. Part 141)

- Clean Water Act (CWA) — List of Toxic Pollutants (40 C.F.R. § 401.15)

- Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) — List of Hazardous Substances (40 C.F.R. § 302.4)

- Emergency Planning and Community Right-to-Know Act (EPCRA) — List of
Extremely Hazardous Substances (40 C.F.R. Part 355, Appendices A & B)

- EPCRA — List of Toxic Substances (40 C.F.R. § 372.65)

- Clean Air Act (CAA) — List of Regulated Substances for Accidental Release
Prevention (40 C.F.R. § 68.130).

The non-listed/regulated status of D4 under the referenced authorities is consistent with a
determination that the substance does not pose health or environmental hazards that would
warrant concerns if a release were to occur near a significant source of drinking water.
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e. Production VVolume

The national aggregate production volume of D4 for the years 2012 — 2015 based on information
provided to the Agency by industry for the 2016 Chemical Data Reporting (CDR) rule is shown
in the table below. Based on those data, no significant change in overall D4 production volume
appears to have occurred in the U.S. during the period from 2013 to 2015. Note — it is
anticipated that updated production volume data will be submitted by industry, as appropriate
and applicable, for the years 2016 — 2019 during the upcoming 2020 CDR reporting period.

Table 1. Production Volume of D4 per CDR Rule Reporting (2012 — 2015)*

Reporting Year | 2012 2013 2014 2015
Aggregate 500,000,000 — 750,000,000 — 750,000,000 — 750,000,000 —
Production 750,000,000 1,000,000,000 1,000,000,000 1,000,000,000
Volume

(pounds)

* These publicly available data for the 2016 CDR were obtained using EPA’s ChemView
database https://chemview.epa.gov/chemview# [accessed on Oct. 19, 2019]

f.  Other Information
i. Draft D4 RE

As noted above, the Submitting Entities are providing a complete, draft risk evaluation for D4 as
part of this MRRE (see the draft D4 RE). The risk characterization and risk determination included
in the draft D4 RE are summarized in Section C, below.

ii. non-VOC

EPA has excluded D4 from the definition of volatile organic compound (VOC) under the federal
Clean Air Act (CAA) for ozone control purposes based on a determination that the chemical has
negligible photochemical reactivity. See 40 C.F.R. § 51.100(s)(1), 59 Fed. Reg. 50693 (Oct. 5,
1994).

iii. Other D4 Assessments

Information on other international assessments on D4 have been provided under Appendix 3a.
This information is provided for completeness.

iv. Global Monitoring Data

Appendix 3b provides information on additional studies that reported D4 concentrations in
environmental media including, sediment, surface waters, ambient and indoor air, soil, and biota
based on samples collected at locations around the world. These data have been included for
completeness, but were not included in the draft D4 RE. During the development of the scope of
the D4 ECA, the Agency expressed an interest in generating domestic environmental exposure
data to support an assessment of the risks to sediment and aquatic-dwelling organisms in the
United States from exposure to D4 from domestic sources of the substance. Consequently, those
data were used in the draft D4 RE.
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5. Commitment to Provide Information

To fulfill the requirement of 40 C.F.R. 8 702.37(b)(5), a signed commitment statement is
provided in Appendix 1 for each of the Submitting Entities.

6. Scientific Standards

To meet the TSCA science standards, EPA’s Office of Pollution Prevention and Toxics (OPPT)
has indicated it intends to apply systematic review principles in the development of risk
evaluations (U.S. EPA 2018) and strongly recommends that external parties use systematic
review approaches when developing draft risk evaluations (U.S. EPA 2017a). Consistent with
this approach and as noted under item B.4 above, a protocol was developed for the systematic
review of data and information to be used in the preparation of the request for a MRRE and the
draft D4 RE (See the draft D4 RE, Section 2).

The key elements of the systematic review process utilized in the preparation of this MRRE and
the draft D4 RE included the following:

. A clearly stated set of objectives (defining the question)

. Developing a protocol that describes the specific criteria and approaches that will be
used throughout the process

. Applying the search strategy in a literature search

. Selecting the relevant papers using predefined criteria

. Assessing the quality of the studies using predefined criteria

. Analyzing and synthesizing the data using the predefined methodology

. Interpreting the results and presenting a summary of findings.

Specific reference is made to the TSCA science standards in discussions of the data throughout
the draft D4 RE. SEHSC believes that the systematic review process resulted in a “high-quality,
fit-for-purpose risk evaluation[s] that relied on the best available science and the weight of the
scientific evidence within the context of TSCA.”

7. Certification

To fulfill the requirement of 40 C.F.R. 8 702.37(b)(7), a signed certification is provided in
Appendix 1 for each of the Submitting Entities.

C. Risk Characterization & Determination

The draft D4 RE provided in Appendix 2, which was prepared in accordance with EPA
guidance, includes a risk characterization and risk determination for D4 under the specified
conditions of use.

With respect to human health, the risk characterization for D4 integrates the human health hazard
and exposure assessments into quantitative assessments of risk for worker, consumer, and
general population exposures including potentially exposed or susceptible subpopulations
identified as women of childbearing age, infants and children, and subsistence fisherman (See
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the draft D4 RE, Section 7). Margins of exposure (MOESs) were determined to be greater than the
benchmark MOE of 100 for workers, consumers, and the general population who may be
exposed to D4 either in the workplace, through the use of consumer products containing D4, or
to D4 released in the environment, indicating no unreasonable risk of injury to human health or
the environment. The lowest MOE (15,000; 150-fold higher than the benchmark MOE) was
estimated for workers engaged in skin care product formulation. Although such products are not
relevant under TSCA, these workers serve as an upper bound surrogate for workers involved in
the manufacture, processing, and formulation of applicable D4 products.

With respect to potential ecological concerns, the ecological risk characterization includes
multiple lines of evidence (LOEs), including: 1) comparing D4 concentrations measured in
environmental media to toxicity thresholds derived from laboratory bioassays with sensitive
aquatic receptors (fish, invertebrates and plants); 2) comparing D4 concentrations measured in
biota tissue to critical target lipid body burden derived from the target lipid model 3) fugacity-
based chemical activity assessment; 4) assessing benthic community metrics; and 5)
consideration of bioaccumulation potential (See the draft D4 RE, Section 7).

Using multiple LoEs, the ecological risk characterization demonstrates that there is negligible
risk from D4 to organisms based on environmentally realistic exposure concentrations. Notably,
the ECA monitoring data allowed a conservative risk evaluation to be conducted as the
monitoring study collected samples from within the mixing zones at the discharge sites, which
compose only a small area of the receiving water ecosystem, and under low-flow conditions.

A Risk Determination for D4 under the specified conditions of use is provided in t, Section 8.3.
The draft D4 RE reflects a weight-of-evidence approach and relies on the best available science.
As documented in this thorough assessment prepared in accordance with Agency guidance and
the mandates of TSCA, D4 does not present an unreasonable risk of injury to human health or
the environment under the conditions of use. Risks to workers, consumers, the general
population (including potentially exposed sensitive subpopulations), and the environment from
D4 were evaluated and not found to be unreasonable.
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Re:  Certification, Commitment, and Contact Information of the Submitting Entity
Request for Risk Evaluation under the Toxic Substances Control Act;
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2

| certify that to the best of my knowledge and belief:

- Dow Silicones Corporation manufactures Octamethylcyclotetrasiloxane (D4) CASRN:
556-67-2.

- All information provided in the “Request for Risk Evaluation under the Toxic Substances
Control Act; Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2" (Request) is
complete and accurate as of the date of the request.

- I have either identified or am submitting all information in my possession, control, and a
description of all other data known to or reasonably ascertainable by me as required for
this request under this part [40 C.F.R. Part 702]. | am aware it is unlawful to knowingly
submit incomplete, false and/or misleading information in this request and there are
significant criminal penalties for such unlawful conduct, including the possibility of fine
and imprisonment.

Pursuant to 40 C.F.R. § 702.37(b)(5) and subject to any data ownership, contractual, or other
legal restrictions, Dow commits to provide to the U.S. Environmental Protection Agency any
information in its possession referenced in this Request upon request.

As required by 40 C.F.R. § 702.37(b)(1), | am providing the following information:
Dow Silicones Corporation

2200 W Salzburg Rd., Auburn, M1 48611
Michele.Buckingham@dow.com; 989.636.1243

Sincerely,

Michele Buckingham, Director EHS&S, Consumer Solutions

[Printed Name and Title of Authorized Representative of the Member Company]

January 24, 2020
Date Signed

T | OY

WORLDWIDE PARTNER

Dow Central Campus | 2200 W. Salzburg Road | Auburn, MI 48611 USA


mailto:Michele.Buckingham@dow.com

Re:  Certification, Commitment, and Contact Information of the Submitting Entity
Request for Risk Evaluation under the Toxic Substances Control Act;
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2

I certify that to the best of my knowledge and belief:

- Elkem Silicones USA Corp. manufactures Octamethylcyclotetrasiloxane (D4) CASRN:
556-67-2.

- All information provided in the “Request for Risk Evaluation under the Toxic Substances
Control Act; Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2" (Request) is
complete and accurate as of the date of the request.

- Thave either identified or am submitting all information in my possession, control, and a
description of all other data known to or reasonably ascertainable by me as required for
this request under this part [40 C.F.R. Part 702]. I am aware it is unlawful to knowingly
submit incomplete, false and/or misleading information in this request and there are
significant criminal penalties for such unlawful conduct, including the possibility of fine
and imprisonment.

Pursuant to 40 C.F.R. § 702.37(b)(5) and subject to any data ownership, contractual, or other legal
restrictions, Elkem Silicones USA Corp. commits to provide to the U.S. Environmental Protection
Agency any information in its possession referenced in this Request upon request.

As required by 40 C.F.R. § 702.37(b)(1), I am providing the following information:

Elkem Silicones USA Corp.

Two Tower Center Blvd., Suite 1802
East Brunswick, NJ 08816

ATTN: J. Christopher York

(732) 227-2060

- -

J. Christopher York —(Président, Améficas

Sincerely,

\fMM,’“{ /7?7 2o2¢6
Date 4

Elkem Silicones USA Corp. — Two Tower Center Blvd., Suite 1802 — East Brunswick, NJ 08816
Tel : 732-227-2060 — Fax: 732-249-7000
silicones.elkem.com



@ evonik

POWER TO CREATE

January 14, 2020

Re: Certification, Commitment, and Contact Information of the David DelGuerclo
pqe . Sr. VP & GM Nutrition & Care, NA
Submitting Entity Phone +1 804 727 0622
Request for Risk Evaluation under the Toxic Substances Fax +1 804 727 0843

Mobile +1 804 814 5221
David.DelGuercio@evonik.com

Control Act;
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2

I certify that to the best of my knowledge and belief:

- Evonik imports Octamethylcyclotetrasiloxane (D4) CASRN: 556-
67-2.

- All information provided in the “Request for Risk Evaluation
under the Toxic Substances Control Act;
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2" (Request)
is complete and accurate as of the date of the request.

- Ihave either identified or am submitting all information in my
possession, control, and a description of all other data known to or
reasonably ascertainable by me as required for this request under
this part [40 C.F.R. Part 702]. I am aware it is unlawful to
knowingly submit incomplete, false and/or misleading information
in this request and there are significant criminal penalties for such
unlawful conduct, including the possibility of fine and
imprisonment.

Pursuant to 40 C.F.R. § 702.37(b)(5) and subject to any data ownership,
contractual, or other legal restrictions, Evonik commits to provide to the
U.S. Environmental Protection Agency any information in its possession
referenced in this Request upon request.

As required by 40 C.F.R. § 702.37(b)(1), I am providing the following
information:

Evonik Corporation
7801 Whitepine Road
Richmond, VA 23237, USA

Technical Contact: Sneha Atwal (804) 727-0681
Evonlk Industrles AG
. Rellinghauser StraRe 1-11
Sincerely, 45128 Essen
Germany
Phone +49 201 177-01

/}/ 4 77 4 4 Fax +49 201 177-3475
P [ -
A /( . [L’//‘ D g 20 Cs ’/"'/ =4 www. evonik.com
7 ’

David DelGuercio, Sr. VP & GM Nutrition & Care, NA SupErsay Bone]

Dr. Werner Miiller, Chairman
Executlve Board

Dr. Klaus Engel, Chairman

Christian Kullmann, Deputy Chairman
Dr. Ralph Sven Kaufmann

January 14) 2020 Thomas Wessel

Ute Wolf

Registered Office is Essen
Page 1 of 1 Register Court Essen Local Court
Commercial Registry B 19474



MOMENTI\'E" Momentive Performance Materials Inc.

260 Hudson River Road
Waterford, NY 12188
momentive.com

Re:  Certification, Commitment, and Contact Information of the Submitting Entity
Request for Risk Evaluation under the Toxic Substances Control Act;
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2

I certify that to the best of my knowledge and belief:

- Momentive Performance Materials USA LLC manufactures
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2.

- All information provided in the “Request for Risk Evaluation under the Toxic Substances
Control Act; Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2" (Request) is
complete and accurate as of the date of the request.

- Thave either identified or am submitting all information in my possession, control, and a
description of all other data known to or reasonably ascertainable by me as required for
this request under this part [40 C.F.R. Part 702]. [ am aware it is unlawful to knowingly
submit incomplete, false and/or misleading information in this request and there are
significant criminal penalties for such unlawful conduct, including the possibility of fine
and imprisonment.

Pursuant to 40 C.F.R. § 702.37(b)(5) and subject to any data ownership, contractual, or other
legal restrictions, Momentive Performance Materials USA LLC commits to provide to the U.S.
Environmental Protection Agency any information in its possession referenced in this Request
upon request.

As required by 40 C.F.R. § 702.37(b)(1), I am providing the following information:

Momentive Performance Materials USA LLC
260 Hudson River Road

Waterford, NY 12188

(518) 233-5669

Sincerel

Jenny Liu,VSenior Director, Product Stewardship, Sustainability & Advocacy
(|20 [2620
Date Signed




| )
Sh’ﬁEtsu Shin-Etsu Silicones of America, Inc.

1150 Damar Drive
Akron, Ohio 44305
PHONE: (330) 630-9860
FAX: (330) 630-9855

Re: Certification, Commitment, and Contact Information of the Submitting Entity
Request for Risk Evaluation under the Toxic Substances Control Act;
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2

I certify that to the best of my knowledge and belief:

- Shin-Etsu Silicones of America, Inc. manufactures Octamethylcyclotetrasiloxane (D4)
CASRN: 556-67-2.

- All information provided in the “Request for Risk Evaluation under the Toxic Substances
Control Act; Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2" (Request) is
complete and accurate as of the date of the request.

- I have either identified or am submitting all information in my possession, control, and a
description of all other data known to or reasonably ascertainable by me as required for
this request under this part [40 C.F.R. Part 702]. I am aware it is unlawful to knowingly
submit incomplete, false and/or misleading information in this request and there are
significant criminal penalties for such unlawful conduct, including the possibility of fine
and imprisonment.

Pursuant to 40 C.F.R. § 702.37(b)(5) and subject to any data ownership, contractual, or other
legal restrictions, Shin-Etsu Silicones of America, Inc. commits to provide to the U.S.
Environmental Protection Agency any information in its possession referenced in this Request
upon request.

As required by 40 C.F.R. § 702.37(b)(1), I am providing the following information:

Shin-Etsu Silicones of America, Inc.
1150 Damar Drive, Akron, OH 44305
Ms. Alexandra Rinehart, Environmental & Regulatory Supervisor

Sincerely,

= 77
5 _2/.-' RS R l .
o canl ,,%V{
Kazuhiro Kitani, President and CEO

Janvary /6, ZORO
Date Signed ‘
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|WAC KER ‘ DAVID WILHOIT
PRESIDENT & CEO

Wacker Chemical Corporation
3301 Sutton Road

Adrian, M1 49221, LUSA

Tel. +1 517 264 8100

David. Wilhoit@dwacker.com

January 7, 2020

VIA CDX

Oftice of Pollution Prevention and Toxics

U.S. Environmental Protection Agency
1200 Pennsylvania Avenue, NW (MC-7401M)
Washington, DC 20460

RE: Certification, Commitment, and Contact Information of the Submitting Entity
Request for Risk Evaluation under the Toxic Substances Control Act;
Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2

[ certify that to the best of my knowledge and belief:

- Wacker Chemical Corporation (Wacker) manufactures Octamethylcyclotetrasiloxane
(D4) CASRN: 556-67-2.

- All information provided in the “Request for Risk Evaluation under the Toxic Substances
Control Act; Octamethylcyclotetrasiloxane (D4) CASRN: 556-67-2" (Request) 1s com-
plete and accurate as of the date of the request.

- I have either identified or am submitting all information in my possession, control, and a
description of all other data known to or reasonably ascertainable by me as required for
this request under this part [40 C.F.R. Part 702].  am aware it 1s unlawful to knowingly
submit incomplete, false and/or misleading information in this request and there are sig-
nificant criminal penalties for such unlawful conduct, including the possibility of fine and
imprisonment.

Pursuant to 40 C.F.R. § 702.37(b)(5) and subject to any data ownership, contractual, or other
legal restrictions, Wacker commits to provide to the U.S. Environmental Protection Agency any
information 1in its possession referenced in this Request upon request.,

As required by 40 C.F.R. § 702.37(b)(1), I am providing the following information:

Wacker Chemical Corporation
3301 Sutton Road

Adrian, M1 49221-9397
888-922-5374

Best regards,

-|II |Jf‘
.-r"'.ff .-"I‘ 4 fe
AT 2T A f
/’t’ |

D
President & CEO
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Executive Summary

As provided for by section 26(1) of the Toxic Substances Control Act, as amended by the Frank
R. Lautenberg Chemical Safety for the 21% Century Act (TSCA), this draft risk evaluation for
octamethylcyclotetrasiloxane (CAS RN 556-67-2; referred to hereafter as D4) has been prepared
to be consistent with the guidance described in the U.S. Environmental Protection Agency’s
(EPA), Guidance to Assist Interested Persons in Developing and Submitting Draft Risk
Evaluations under the Toxic Substances Control Act (U.S. EPA 2017a) and to reflect the
considerations set forth in EPA’s Procedures for Chemical Substance Risk Evaluations” (49
C.F.R. Part 702, Subpart B, 82 Fed. Reg. 33726).

To meet the TSCA 8 26(h) and (i) science standards, a systematic review process was utilized to
develop information for the fate, hazard, and exposure assessments presented in this risk
evaluation. Because D4 has been used widely for more than 40 years in a variety of
applications, there are abundant high-quality data available on its physical-chemical and
environmental fate properties, uses and occurrence, and ecological and human health hazard. D4
has been the subject of authoritative regulatory reviews conducted by Environment
Canada/Health Canada (EC/HC 2008) and the United Kingdom Environment Agency (UK EA,;
Brooke et al. 2009). In addition, D4 has undergone registration through the European Union’s
REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) program and a
Chemical Safety Report (CSR) has been prepared. Additional risk assessments for D4 have been
published in the peer reviewed literature (Gentry et al. 2017; Nusz et al. 2018). These prior
assessments inform the risk evaluation conducted herein. The systematic review focused on
information that has become available subsequent to the identified authoritative reviews.
Procedures for searching, evaluating, and integrating the information were developed and are
described herein.

The conditions of use of D4, as further described in Section 4.1, include the manufacture of D4,
processing of D4 as a reactant or by incorporation into a formulation, mixture, or reaction
product, and commercial/consumer uses of products that include D4 in their manufacture (e.g.,

adhesives and sealants, automotive care products, cleaning and furnishing care products, paints
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and coatings, plastic and rubber products, polishes and sanitation goods, soaps and detergents),
and disposal and therefore may have D4 as a residual. Risks were evaluated for human health
and the environment by comparing measured or predicted exposures to benchmarks or
thresholds for hazard. For the assessment of human health, risks to workers, consumers and
general populations were evaluated, including potentially exposed or susceptible
subpopulations. For the assessment to the environment, risks to aquatic receptors (both pelagic
and benthic) were evaluated. Risks to terrestrial ecological receptors are expected to be much
lower than those for aquatic receptors, as exposures are lower based on D4 use patterns and
environmental fate properties that minimize persistence in the soil or air; therefore, these risks

were not evaluated.

For the assessment of human health risks the following routes of exposure were considered: for
workers, inhalation and dermal; for consumers, inhalation, dermal, and ingestion; and for the
general population, inhalation and ingestion. For workers, the most conservative exposure was
inhalation during formulation of skin care products which are not TSCA-relevant (see Section
4.1.4). The exposure assessments for consumers and the general population were also based on
non-TSCA relevant exposures to personal care products, cosmetics, over the counter
medication, and food contact materials. The results of a two-generation inhalation reproduction
study in rats were used (conservatively selecting from among the endpoints) as the basis for the
Point of Departure (POD) and physiologically based pharmacokinetic (PBPK) modeling was
used to develop internal dose metrics. The POD for all populations (including children),
durations, and routes of exposure was 30 mg-hr/L blood/day, based on the area under the curve
(AUC) of free D4 in the blood and on the worst-case assumption of continuous exposure. To
evaluate human health risks, the POD dose was divided by the exposure dose and compared to
the benchmark Margin of Exposure (MOE). The benchmark MOE for this risk evaluation was
100 based on a 10X uncertainty factor for intra-human variability, 1X uncertainty factor for
extrapolation from animal-to-human (based on the use of PBPK data), and 10X uncertainty
factor for remaining sources of uncertainty related to the database (such as PBPK modeling
based on adults not children, and lack of PBPK modeling for pregnant females). All MOEs were
well above the benchmark MOE of 100, indicating no unreasonable risk. The highest risk

(lowest MOE) was 15,000 for inhalation exposure of male workers in the formulation of skin
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care products. This population was used as the sentinel exposure for all worker scenarios. Risks
to consumers were an order of magnitude less than for workers, and risks to the general
population were another order of magnitude less than those for consumers Aggregate risks for
D4 (workers, consumers, and general population combined) were comparable to worker risk

alone, further indicating no unreasonable risk.

For the assessment of environmental risk, direct contact and uptake for aquatic receptors
through surface water and/or sediment and indirect exposure through the food chain were
considered. The exposure assessment was based on the results of a national-scale monitoring
program that measured D4 concentrations in relevant environmental matrices downstream from
manufacturing, processing and formulation (MPF) facilities with on-site treatment, municipal
wastewater treatment plants (WWTPs) receiving industrial discharges (e.g., D4 reasonably
expected in the influent), and municipal WWTPs that did not receive industrial discharges. Data
from reliable guideline studies and literature were used to establish hazard thresholds. The risk
characterization approach used moved beyond a risk quotient method to incorporate multiple
lines of evidence (LoEs) and probabilistic assessment of exposure. The LoEs were: 1)
comparing D4 concentrations measured in environmental media to toxicity thresholds derived
from laboratory toxicity tests; 2) comparing D4 concentrations measured in biota tissue to the
critical target lipid body burden (CTLBB) derived from the target lipid model (TLM); 3)
fugacity-based chemical activity assessment; and 4) assessing benthic community metrics.; and
5) consideration of bioaccumulation potential. The results of the weight-of-evidence indicated
that concentrations of D4 measured in water, sediment, and tissue samples were below
applicable thresholds. Benthic community assessment conducted as part of the monitoring
program found no evidence of impact in areas receiving D4 in WWTP discharge. Furthermore,
the weight of evidence demonstrates that D4 does not bioaccumulate, with data further
indicating that it exhibits trophic dilution rather than magnification. Thus, all five LoEs were in

agreement, providing strong evidence of no unreasonable environmental risk from DA4.

In summary, the database for D4 is robust, containing reliable studies for physical-chemical,
environmental fate, human hazard, and ecological hazard endpoints, with no significant data

gaps. Exposures were assessed based on a combination of monitoring and modeling.
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Conservative approaches (e.g., inclusion of non-TSCA relevant uses in human health risk
characterization, field sampling from mixing zones during low flow conditions in environmental
risk characterization, etc.) were used throughout. It can be concluded, with a high degree of
confidence, that D4 does not present unreasonable risk of injury to human health or the
environment (as described under TSCA), including no unreasonable risk to potentially exposed

and susceptible populations identified as relevant, under the identified conditions of use.

1701939.001 - 3625 T
XVil



1 Introduction

As provided for by section 26(1) of the Toxic Substances Control Act, as amended by the Frank
R. Lautenberg Chemical Safety for the 21% Century Act (TSCA), this draft risk evaluation for
octamethylcyclotetrasiloxane (CAS RN 556-67-2; referred to hereafter as D4) has been prepared
to be consistent with the guidance described in the U.S. Environmental Protection Agency’s
(EPA) Guidance to Assist Interested Persons in Developing and Submitting Draft Risk
Evaluations under the Toxic Substances Control Act (U.S. EPA 2017a) and to reflect the
considerations set forth in EPA’s Final Rule Procedures for Chemical Substance Risk
Evaluations” (49 C.F.R. Part 702, Subpart B, 82 Fed. Reg. 33726).

1.1 Regulatory Background

Pursuant to Section 6(b)(4) of TSCA, EPA was required to issue a rule that establishes a process
for conducting risk evaluations to determine whether a chemical substance presents an
unreasonable risk of injury to health or the environment, without consideration of costs or other
non-risk factors, including an unreasonable risk to a potentially exposed or susceptible
subpopulation, under the conditions of use. The components to be included in such a risk
evaluation have been outlined in 40 CFR 702.41, namely:

e A Scope, including a Conceptual Model and Analysis Plan;

e A Hazard Assessment;

e An Exposure Assessment;

e A RIisk Characterization; and

o A Risk Determination.
This draft risk evaluation contains these elements in subsequent sections. Prior to these sections,
a discussion is provided on the systematic review process that was used to gather, evaluate and
integrate data/information on D4. This is followed by a review of the physical-chemical and
environmental fate properties of D4. The section on scope of the evaluation includes a
discussion of the conditions of use for which this risk evaluation is applicable (including
conditions of use that are excluded) and a presentation of the conceptual models of human and

ecological exposure. The sections on hazard assessment, exposure assessment and risk
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characterization are divided into human health and ecological components. The draft risk

evaluation concludes with a section on risk determination.

The scientific standards for TSCA risk evaluations are to be consistent with the best available
science! and decisions are to be based on the weight of the scientific evidence.? The definitions
for these terms, as provided in the Final Rule, are detailed in the footnotes below. These

foundational considerations form the basis for this risk evaluation of D4.

To meet the TSCA science standards, EPA’s Office of Pollution Prevention and Toxics (OPPT)
has indicated it intends to apply systematic review principles in the development of risk
evaluations (U.S. EPA 2018) and strongly recommends that external parties use systematic
review approaches when developing draft risk evaluations (U.S. EPA 2017a). The systematic

review process used for this risk evaluation is discussed in Section 2.

1.2 Previous Evaluations of D4

D4 has been used widely for more than 40 years in a variety of applications and there are
abundant data on its properties, occurrence, and hazard. Information on the hazards, exposure,
and risks of D4 have been collated and evaluated in recent authoritative regulatory reviews
conducted by Environment Canada/Health Canada (EC/HC 2008) and the United Kingdom

1 Best available science means science that is “reliable and unbiased.” Use of best available science “involves the
use of supporting studies conducted in accordance with sound and objective science practices, including, when
available, peer-reviewed science and supporting studies and data collected by accepted methods or best
available methods (if the reliability of the method and the nature of the decision justifies use of the data).
Additionally, EPA will consider as applicable (1) the extent to which the scientific information, technical
procedures, measures, methods, protocols, methodologies, or models employed to generate the information are
reasonable for and consistent with the intended use of the information; (2) the extent to which the information is
relevant for the Administrator’s use in making a decision about a chemical substance or mixture; (3) the degree
of clarity and completeness with which the data, assumptions, methods, quality assurance, and analyses
employed to generate the information are documented; (4) the extent to which the variability and uncertainty in
the information, or in the procedures, measures, methods, protocols, methodologies, or models, are evaluated
and characterized; and (5) the extent of independent verification or peer review of the information or of the
procedures, measures, methods, protocols, methodologies, or models.”

2 Weight of the scientific evidence means “a systematic review method, applied in a manner suited to the nature of
the evidence or decision, that uses a pre-established protocol to comprehensively, objectively, transparently, and
consistently identify and evaluate each stream of evidence, including strengths, limitations, and relevance of
each study, and to integrate evidence as necessary and appropriate based upon strengths, limitations, and
relevance.” Components of risk evaluations will be “fit-for-purpose” in that the depth of the analysis will be
commensurate with the nature and significance of the decision.
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Environment Agency (UK EA) (Brooke et al. 2009). In addition, D4 has undergone registration
through the European Union’s REACH (Registration, Evaluation, Authorisation and Restriction
of Chemicals) program and a Chemical Safety Report (CSR) has been prepared. Additional risk
assessments for D4 have been published in the peer reviewed literature (Gentry et al. 2017;
Nusz et al. 2018; Woodburn et al. 2018; Nusz et al. 2018). Where applicable, this information

and these assessments form the basis for the risk evaluation conducted herein.
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2 Systematic Review

2.1 Background

EPA has recommended that external parties use systematic review approaches when developing
draft risk evaluations (U.S. EPA 2017a). In addition, it is recommended that a protocol
describing the process to be followed should be developed during the scoping/problem
formulation phase of the risk evaluation to clearly state the procedures that will be used.
Planning the systematic review approaches and methods in advance reduces the likelihood of
introducing bias into the risk evaluation process. Systematic review has been defined National
Academy of Sciences 2017) as “a scientific investigation that focuses on a specific question and
uses explicit, pre-specified scientific methods to identify, select, assess, and summarize the
findings of similar but separate studies. The goal of systematic review methods is to ensure that

the review is complete, unbiased, reproducible, and transparent.”’

EPA has stated (U.S. EPA 2018) that the systematic review process should generate “high-
quality, fit-for-purpose risk evaluations that rely on the best available science and the weight of
the scientific evidence within the context of TSCA” and that the key elements of a systematic

review include the following:

e A clearly stated set of objectives (defining the question)

e Developing a protocol that describes the specific criteria and approaches that
will be used throughout the process

Applying the search strategy in a literature search

Selecting the relevant papers using predefined criteria

Assessing the quality of the studies using predefined criteria

Analyzing and synthesizing the data using the predefined methodology
Interpreting the results and presenting a summary of findings.

A protocol was developed for the systematic review of data and information to be used in the
preparation of the risk evaluation dossier for D4. This protocol is attached as Appendix A. Key

points are discussed below.
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2.2 Approach

Because existing data and information for D4 have been collated and evaluated in recent
authoritative regulatory reviews by Canada and the United Kingdom (EC/HC 2008; Brooke et
al. 2009), the systematic review for D4 built on those results and focused primarily on
information that has become available after those regulatory reviews, e.g. since 2008. In
particular, the literature search was restricted to information that has become available since
2008. The literature search looked for information in the following topical areas:

e Physical-chemical properties

e Conditions of Use

o Fate

e Engineering and Exposure

e Human Health Hazard

e Environmental Hazard
The search strategy for each topical area is detailed in Appendix A. The search results
underwent screening and were included or excluded according to the process described in
Appendix A. Data and information from items retained for full text evaluation were extracted
into topic-specific templates which facilitated the evaluation of reliability and the data
integration processes.

An approach was developed for evaluating the reliability of studies or reports by assigning a
score to each information element within that study or report, on a scale of 1 (high quality) to 4
(unacceptable) and then summing the scores for all of the information elements. The range of
total possible scores is provided in each template. The lower the total score, the more reliable
the information. These scores are useful for comparing data within a particular topic area but not
between topic areas, because different templates were developed for different types of studies,
depending on the types of information contained. The approach was designed to provide more
detail and be more transparent than the widely-used Klimisch scoring system (Klimisch et al.
1997) which relies heavily on compliance with good laboratory practices (GLP) regulations.
The templates also align (although they are not exact replicas) with those developed by EPA
(U.S. EPA 2018).
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Studies that had been previously evaluated by a recognized authoritative source or peer-
reviewed publication were not re-evaluated. These sources included the CSR for D4 (CSR
2018), Bridges and Solomon (2016), and Dekant et al. (2017b). Because different sources used
different scoring methods, a “scoring translator” was developed to allow a comparison of
studies scored using different approaches. Table 2-1 provides a comparison of scoring systems
that have been used for D4 information. In the CSR, the Klimisch system was used, where a
score of 1 indicates “reliable without restriction”, a score of 2 indicates “reliable with
restriction”, a score of 3 indicates “not reliable” and a score of 4 indicates “not assignable”.
Information with a Klimisch score of 4 (K4) may provide supporting information although
details are lacking. In the Klimisch system, an overall score is given but individual study
elements are not scored. Bridges and Solomon (2016) scored individual study elements for
quality (reliability) on a scale of 4 to 0, where 4 was the most reliable. The arithmetic mean of
the individual scores was computed as an overall score. If major weaknesses were identified in
the study (such as lack of measurement of exposures in a toxicity test) the overall mean score
was reduced by a multiplier of 0.5, 0.25, etc., depending on the number of major weaknesses.
Relevance was scored separately from quality, and different scoring guides (templates) were
developed for different types of studies (e.g., persistence, bioaccumulation, toxicity). The focus
of the evaluation by Bridges and Solomon (2016) was on the utility of the studies to assess
persistence, bioaccumulation and toxicity properties of cyclic volatile methyl siloxanes
(cVMSs). Dekant et al. (2017b) also developed a quantitative weight-of-evidence (QWO0E)
methodology but for the purpose of assessing confidence in postulated mode(s) of action for
adverse effects in mammalian toxicity studies. Studies were scored for quality, with individual
elements scored on a scale of 4 to 0 (4 being most reliable) and normalized for the number of
elements. There were different criteria (templates) for mechanistic studies in intact animals,
mechanistic studies in vitro, and genotoxicity studies. Separate scores for relevance and strength
of adverse effects, on a scale of 3 to 0, were determined.

EPA’s Guidance for Systematic Review (U.S. EPA 2018) provides scoring templates for various
types of studies and data. Each element (termed “metric”) can be scored on a scale of 1 to 4,
with 1 representing high reliability and 4 indicating “unacceptable.” This approach uses

weighting factors for some of the elements. The scores are summed and normalized, resulting in

1701939.001 - 3625 6



an overall score on a scale of 1 to 4, with 1 — 1.7 considered high quality, 1.7 — 2.3 considered

medium quality, 2.3 — 3 considered low quality, and 4 considered unacceptable.

For this Risk Evaluation dossier, information elements are scored similarly (scale of 1 to 4) and
summed. However, the scores are not weighted or normalized. Because there are a different
number of information elements in each type of template, the range of possible scores varies

depending on the template used.

Table 2-1. Comparison of scoring systems

Scoring System Overall Values Individual _Element Reliability Meaning
Scoring
Klimisch (used in 1 is considered high; 3 is low; 4
1-4 No is not assignable but may be
CSR) i
supporting
Yes, averaged,
. multiplier applied for
Bridges and 4-0 major weaknesses. 4 is considered high, 0 is low
Solomon (2016)
Separate score for
relevance
Dekant et al Yes, normalized.
(2017b) ' 4-0 Separate score for 4 is considered high, 0 is low
relevance
EPA (Systematic 1-4 Yes, summed and 1 is considered high, 4
Review Guidance) weighted / normalized unacceptable
Range of values
D4 Risk Evaluation differs by Ye.s,hsur;jnr/ned, bult_ nodt The lower tne score, the better
template weighted / normalize the rating

Table 2-2 presents the range of potential scores for each of the templates prepared for use in the
D4 Risk Evaluation, as shown in Appendix A. It also shows how these evaluations can be
compared to D4 evaluations completed in other reviews. This provides a means for “translation”
of the scoring among the different approaches. In the data integration step, as information was
aggregated, the scores from different sources were used to assign reliability categories of high,
medium and low. It should be mentioned that due to the abundance of information on D4, there
was no need to even consider any studies that would be classified as “not assignable” (Klimisch
score 4). It should also be noted that, in addition to the scoring, the reviewer may exercise
professional judgment in consideration of why the study may or may not be considered reliable.
Finally, in some instances, a particular element in a template was not applicable for the study.

Rather than assigning the element a score indicating poor reliability, which would unfairly bias
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the study, the element was left unscored and the total possible score adjusted. Only those

templates relevant to the information being evaluated were actually used. Completed templates

are found in Appendices B (Reviews of Studies on Physical-Chemical and Environmental Fate

Properties), C (Reviews of Studies on Mammalian Toxicology and Human Health Exposure),

and D (Reviews of Studies on Ecological Hazards). The scores from different sources were

considered together to arrive at a conclusion of “high” (color-coded blue), “medium” (color-

coded yellow) or “low” (color-coded pink) for the utility of the results. If scoring was not

appropriate (such as for a review article), no color was added.

Table 2-2.

Scoring system translation

Score used by

Scoring Range Ass;ggp;eigt of Bridges and scglrgl(icsz q Assigned Reliability
in D4 Risk Template Type o Solomon (2016) or . Category for D4 Risk
. reliability in CSR for .
Evaluation cateqor Dekant et al. D4) Evaluation
gory (2017h)

7-13 1 High

7-28 Occupational exposure 14-21 N/A 2 Medium
22-28 3/4 Low
7-13 1 High

7-28 Environmental release 14-21 N/A 2 Medium
22-28 3/4 Low
4-7 1 High

Exposure assessments
and risk i
4-16 characterizations/PBPK 8-12 N/A 2 e
Modeling

13-16 3/4 Low
7-13 1 High

7_08 Life cycle and facility 14-21 N/A 2 Medium

data

22-28 3/4 Low
26 -52 23.0 1 High

26-104 Ecotoxicology 53-78 2.0-29 2 Medium
79 - 104 <1.9 3/4 Low
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Score used by

Scoring Range Ass;gg:getgt of Bridges and sgcilrrgl(icsz d Assigned Reliability
in D4 Risk Template Type - Solomon (2016) or . Category for D4 Risk
. reliability in CSR for .
Evaluation catedor Dekant et al. D4) Evaluation
gory (2017b)
. 18-36 23.0 1 High
Environmental fate:
Bioaccumulation, .
18-72 laboratory studies, field 37-54 20-29 2 Mediumn
studies
55-172 1.9 3/4 Low
21-42 >3.0 1 High
21-84 Human Health: Animal 4364 20-29 2 Medium
toxicity
65 - 84 <19 3/4 Low
23-45 23.0 1 High
23-92 Human Health: 46-67 20-29 2 Medium
In vitro
68 — 92 1.9 3/4 Low
10-20 >3.0 1 High
10-40 Monitoring/Bio- 21-30 20-29 2 Medium
monitoring
31-40 1.9 3/4 Low
6-12 >3.0 1 High
6 — 241 Physicalichemical 13-19 20-29 2 Medium
20-24 <19 3/4 Low
15-29 1 High
Physical/chemical: :
15-60 Phototransformation 30-44 N/A 2 Medium
45-60 3/4 Low
14-27 1 High
14-56 Physicallchemical 2841 N/A 2 Medium
Hydrolysis
42 -56 3/4 Low
18-36 1 High
18-72 Physicalichemical: 37-54 N/A 2 Medium
Biodegradation
55-72 3/4 Low

! Applicable to physical/chemical categories such as sorption/desorption, with the exception of
phototransformation, hydrolysis, and biodegradation.

1701939.001 - 3625




In the data integration stage, reliability, relevance, consistency, coherence, and biological
plausibility were considered, as appropriate, to develop a weight-of-evidence argument
synthesizing multiple evidence streams. A written summary of the information, identifying key
studies, was prepared for each major topical area. Information was also presented at a summary
level in tabular format. The actual study evaluations appear in Appendices B, C and D. Each

source of information was assigned an ID reference to facilitate tracking.
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3 Physical, Chemical, and Environmental Fate
Properties

3.1 Overview

Relevant information regarding D4 found in the D4 CSR (2018) under REACH, the UK EA’s
Environmental Risk Assessment D4 report (Brooke et al. 2009), and EC/HC’s 2008 Screening
Assessment is presented in Table 3-1 through Table 3-10. Original reports relied upon in the
CSR, UK EA, and EC/HC assessment were reviewed when necessary (for example, to resolve
any inconsistencies). In addition, studies and literature that are too new to have been included in
the three assessments were evaluated and added to the tables. Except for endpoints with
consistent and reliable data (as identified below), or those that have been evaluated by another
authoritative publication, studies appearing in Table 3-1 through Table 3-10 were reviewed
following the procedure described in Section 2 (Systematic Review) and the reviews are
attached as Appendix B. Some studies were evaluated by Bridges and Solomon (2016) and these

scores are also included.

3.2 Physical-chemical Properties

A number of physical-chemical properties have been previously reported from a collection of
sources that are in agreement and are considered reliable data. These properties include physical
state, melting/freezing point, boiling point, and density. These properties are summarized in the
CSR, UK EA, and EC/HC assessment reports, and in Table 3-1 the original references are listed.
These properties were not reviewed further. However, available studies and literature on vapor
pressure, water solubility, and partition coefficients were reviewed (Appendix B). A summary
of the information on all the above physical-chemical properties is provided in Table 3-1. Other
physical-chemical properties are considered inapplicable or irrelevant to D4 and its risk
evaluation; therefore, they are not included in Table 3-1 and no additional information was
reviewed. These excluded properties are flash point, flammability, explosive properties, self-
ignition temperature, oxidizing properties, granulometry, dissociation constant, viscosity,

surface tension, stability in organic solvents, and identity of relevant degradation products.
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The collection of sources reviewed was used to arrive at the preferred values for the following
properties: 1) a melting point of 17.7°C, 2) a boiling point of 175°C at 101 kPa, and 3) a density
of 0.95 g/cm? at 25°C. Melting point values of 17.7 and 17.5°C are found in collections of data
considered reliable. Boiling point data were reviewed by Chandra (1997). Chandra (1997) is part
of the collection of reliable information relied upon by the UK EA report, and was not reviewed
further. Chandra (1997) reviews the available measured data for numerous physical chemical
properties and determines the preferred and most reliable value for each physical chemical
property. Per Chandra (1997), the preferred value for boiling point is 175°C. The preferred
value for density is 0.953 g/cm? at 20°C.

Based on consideration of additional sources, the vapor pressure for D4 ranges from 0.125 to 68
kPa. Chandra (1997) reviewed the available measured data and reported a vapor pressure at
25°C of 0.132 kPa (reported as 0.99 mmHg; ~132 Pa); this value is an interpolated value
derived from a temperature—vapor pressure correlation (the AIChE DIPPR method) using data
obtained over the temperature range from 17.6 to 313°C (IUCLID 2005) as reported in Brooke
et al. (2009) as part of the reliable collection of information on D4. Flaningam (1986) reported a
measured vapor pressure for D4 of between 3.36 and 68 kPa over a temperature range of 473—
578 K. A more recent study by Lei et al. (2010) using a gas chromatographic retention time
technique provides a value of 0.125 kPa (reported as 124.5 Pa at 308-368 K). The preferred
value, based on the review by Chandra (1997) as cited in Brooke et al. (2009), is 0.132 kPa at
25°C.

For water solubility, the identified values range from 0.033 to 0.074 mg/L. GLP studies
conducted using a generator column method following TSCA Test Standard 796.1860 provided
values of 0.074 mg/L at 24°C in freshwater (Springborn Laboratories, Inc. 1989a; referred to as
Springborn subsequently®) and 0.033 mg/L at 25°C in seawater (Springborn 1989b). A value of
0.056 mg/L at 23°C was determined by Varaprath et al. (1996) using a non-turbulent slow-
stirring method. These studies are all considered reliable; the value from the most recent study

(0.074 mg/L for freshwater) was selected as the preferred value.

3 Springborn refers to both Springborn Laboratories, Inc., and Springborn Smithers Laboratories.
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The log of the octanol-water partition coefficient (Kow) has been determined as 6.49 using a
slow stirring method (Organisation for Economic Co-operation and Development (OECD) 123;
Dow Corning Corporation 2007c) and 6.98 using a syringe method (Dow Corning Corporation
2007d). The log of the measured octanol-air partition coefficient (Koa) is reported as 4.22 (Dow
Corning Corporation 2006a). Using a novel 3-phase equilibrium method, Xu and Kropscott
(2012) simultaneously determined the partition coefficients for air/water (Kaw) as well as Koa
and Kow. At an average temperature of 21.7°C, the results were: log: Kaw = 2.69, log Koa =
4.29, and log Kow = 6.98. Xu et al. (2014) discussed the advantages of this method in
comparison to the separate determination of partition coefficients and the distribution of cVMSs
as predicted by these coefficients: tendency to partition to the air compartment from water and
moist soils, and from water to organic carbon. Thus, the Xu and Kropscott (2012) partition

coefficients are the preferred values.
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Table 3-1.

Physical-chemical properties

Evaluation sc}glrler:qlfsrcohm Reference
Method Property Results Remarks (score based ECHA Reference ID
on review)! .
dossier)

Physical state at normal Liquid Liquid at normal temperature and pressure N/A N/A Reliable collection of data EAQ9A,;

temperature and pressure includes: ITUCLID 2000 ICSR18A

Melting / freezing point Melting point: 17.7°C | Melting point values of 17.7 and 17.5°C are quoted in N/A 2 Reliable collection of data EAQ9A,
collections of data which have been subject to peer-review includes: IUCLID 2005 ICSR18A
and in which the original data sources are traceable. The
results are considered reliable.

Boiling point Boiling point: 175°C | A boiling point of 175°C at 101.3 kPa is reported in two N/A 2 Reliable collection of data EAQ9A,
collections of reliable data. Boiling points of 175.5 and includes: Chandra 1997; ICSR18A
175.6°C are reported in secondary sources to which reliability IUCLID 2000, 2005; Merck
could not be assigned. 1996; OECD 1995

Relative density Density: 0.95 g/lcm® at | A density value of 0.95 g/cm? at 25°C is reported in a N/A 2 Reliable collection of data EAQ9A,

25°C handbook or collection of reliable data which has been includes: IUCLID 2005; Merck |[CSR18A
subject to peer-review and in which the original data sources 1996
are traceable. The result is considered reliable. Other sources
give density values in the range 0.95 to 0.96 g/cm3.
Value is derived [Vapor pressure Vapor pressure: 132 Pa| A vapor pressure value of 132 Pa at 25°C is reported in a N/A 2 Reliable collection of data EAQ9A;
froma at 25°C collection of reliable data which has been subject to peer- includes: Chandra 1997; CSR18A;
temperature— review and in which the original data sources are traceable. IUCLID 2005
vapor
pressure A number of sources to which reliability could not be
correlation using assigned gave vapor pressure values in the range of 82-96 Pa
critically at 20°C or 132-139 Pa at 25°C.
evaluated data
Gas \Vapor pressure Vapor pressure of Publication describing derivation of vapor pressures of cyclic 9 2 Lei et al. 2010 LEI10A
chromatographic 124.5 + 6.2 Pa at 308- |and linear polydimethylsiloxane oligomers.
retention time 368K; equivalent to
0.125 kPa.
Ebulliometer \Vapor pressure Vapor pressure ranged | Measured over pressure range of 7-133 kPa and then fitted to 6 N/A Flaningam 1986 FLANIB6A
between 3.36 and 68 | Antoine equation. Extrapolations made based on literature
kPa when testing ina |and estimated critical constants, Halm-Stiel extension, of
range of temperatures |Pifzer’s vapor equation. Extrapolated data was found to also
from 473 to 578 K fit the AIChE DIPPR vapor pressure equation.
1701939.001 — 3625
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Klimisch

Evaluation score (from Reference
Method Property Results Remarks (score based ECHA Reference )
on review)! .
dossier)
Non-turbulent  [Water solubility Water solubility: 0.056 | Two analysis methods were used: a purge and trap method 6 2 Varaprath et al. 1996 VARAP96A
test: slow-stirring mg/L at 23°C (GC-MS |connected to a gas-liquid chromatograph column (GLC) and
method at 23 °C method); 0.053 mg/L  |analyzed by GC-MS and extraction with GLC analysis. The
(GLC method) average concentration (by extraction and GLC analysis) was
53.1 + 6.6 ppb and by purge and trap GC-MS 56.2 + 2.5 ppb.
Generator \Water solubility Water solubility: 0.074 | Guideline study conducted under GLP with well-documented 6 1 Springborn Laboratories, Inc.  [SPRIN89A
column method mg/L at 24°C in findings. 1989a (Study Director: Smith)
(TSCA Test freshwater
Standard
796.1860)
Generator \Water solubility Water solubility: 0.033 | Guideline study conducted under GLP with well-documented 6 2 Springborn Laboratories, Inc.  [SPRIN89B
column method mg/L at 25°C in findings. 1989b (Study Director: Smith)
(TSCA Test seawater
Standard
796.1860)
Slow-stirring n-Octanol-water partition n-Octanol-water Value obtained using a slow-stirring method (draft OECD 6 1 Dow Corning Corporation DOWCOO07E
Method (OECD |[coefficient (log value) partition coefficient: | Guideline) designed to avoid problems associated with 2007c (Study Director:
123) log Kow value of 6.49 |[hydrolysis of D4. Conducted under GLP. Kozerski)
at 25°C
Two different Partition coefficient n- n-octanol-water A syringe method developed in this work gave a log Kow of 7 2 Dow Corning Corporation DOWCOO07F
extraction octanol/water (log value) partition coefficient:  |6.98 at 21.7 °C. 2007d (Study Directors: Xu)
methods: HPLC log Kow value of 6.98;
with a log Kaw for D4 is 2.69;
radiometric log Koa for D4 is 4.29
detector, and at21.7°C
liquid
scintillation
counting analysis
for radioactivity
quantification
Octanol and air  [Partition coefficient n- Log Koa 4.22 at 24°C | Octanol and air contained in gas-tight syringe with a valve. 6 1 Dow Corning Corporation DOWCO06
contained in gas- [octanol/air (log value) 14C-D4 dissolved into octanol and distribution determined 2006a (Study Director: Xu) A
tight syringe between the two phases by using an HPLC equipped with a
radiomatic detector. Air samples analyzed by liquid
scintillation analyzer.
3-phase Partition coefficients: At temp. of 21.7 °C: Simultaneous determination of three partition coefficients 6 2 Xu and Kropscott 2012 XU12A
equilibrium air/water, octanol/air, and Kaw = 2.69; Koa = with same quantitation method for all media.
method octanol/water 4.29; Kow = 6.98

! Physical-chemical property studies include a range of possible scores between 6 and 24. A higher score indicates a lower reliability. Blue color indicates high

reliability; no color indicates scoring not applicable.
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3.3 Environmental Fate Properties

3.3.1  Hydrolysis

A preliminary study was conducted (Dow Corning Corporation 2004) (following OECD
Guideline 111 (Hydrolysis as a function of pH) to determine appropriate methods for
investigating hydrolysis of D4, considering its volatility. The investigation used both two-piece
reaction vessels and sealed tubes, and different conditions (vial type, medium) were
investigated. In the two-piece system, a half-life of 3.5 days at pH 7 (25°C) was determined,
although recovery decreased over time. In the sealed tubes, the half-life was 91 hours
(equivalent to 3.8 days) at pH 7 and 33 hours (equivalent to 1.4 days) at pH 9 (25°C). The study
determined that the sealed tube method was more effective and this approach was used in the
full study (Dow Corning Corporation 2005) which was also conducted following OECD
Guideline 111 but under GLP. The full study was conducted at pH 4, 7, and 9 and temperatures
of 10, 25, and 35°C. Half-life values ranged from 12 minutes (equivalent to 0.008 days) for pH
9 at 35°C to 23 days for pH 7 at 10°C. The average half-life for pH 7 at 25°C was 80 hours (3.3
days), in good agreement with previously reported preliminary results. For pH 7.0 at 12°C, a
relevant condition for risk assessment purposes for fresh water, the predicted value of the half-
life is 16. 7 days. For pH 8.0 at 9°C, a condition relevant for marine water, the predicted half-
life is 2.9 days.

Information on the hydrolysis of D4 is provided in Table 3-2, with the corresponding reviews in

Appendix B.
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Table 3-2. Hydrolysis
Evaluation Klimisch score
Method Property Results Remarks (score based Reference Reference ID
- | (from CSR)
on review)
Two-piece and  [Hydrolysis Half-life of 3.5 days at |Preliminary study factored into the experimental design many of the 17 1 Dow Corning DOWCOO04A
sealed single- pH 7 and 25°C in the |challenges associated with testing a volatile compound. Precautions Corporation 2004
piece vessel two-piece vessels were taken to account for variability and additional factors that (Study Directors:
reactions; OECD though decreasing could lead to experimental error. Results demonstrated feasibility of Durham and
Guideline 111 recoveries occurred. sealed tube approach for the full study. Kozerski)
Sealed tube
experiments had half-
life of 91 hours
(equivalent to 3.8
days) at pH 7 and 33
hours (equivalent to
1.4 days) at pH 9
(25°C).
OECD Guideline |Hydrolysis Half-life values ranged | Guideline study conducted under GLP with well-documented 15 1 Dow Corning DOWCO05A
111 from 12 minutes findings. To eliminate losses of D4 from the test, the methodology Corporation 2005
(equivalent to 0.008 uses one-piece, hermetically sealed glass reaction vessels. Reviewed by (Study Director:
days) at pH 9, 35°C, to Bridges and Durham)
23 days for pH 7 at Solomon
10°C. The average (BRIDG16A)
half-life for pH 7 at and scored
25°C was 80 hours 3.7 for
(3.3 days), in good methods and
agreement with 4 for
previously reported relevance

preliminary results.
For pH 7.0 at 12°C, a
relevant condition for
risk assessment
purposes for fresh
water, the predicted
value of the half-life is
16. 7 days. For pH 8.0
at 9°C, a condition
relevant for marine
water, the predicted
half-life is 2.9 days.

! Hydrolysis studies include a range of possible scores between 14 and 56. A higher score indicates a lower reliability. Blue color indicates high reliability.
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3.3.2 Phototransformation

D4 in the atmosphere is not expected to undergo direct photolysis, but should undergo indirect
photolytic degradation through hydroxyl radical (OH) oxidation. The nitrate (NOs) radical and
ozone (Oz) react with D4 at much slower rates, although a high level of Os and water may
accelerate the reaction of D4 with OH (Abe et al., 1981). Reaction rate constants with the OH at
25 °C range from 0.95 to 2.34 x 10?2 cm®molecule’s? (Bernard et al. 2018; Kim and Xu 2017;
Safron et al. 2015; Sommerlade et al. 1993; Atkinson 1991; Xiao et al. 2015). Based on an
average tropospheric hydroxyl radical concentration of approximately 10° molecules/cm?® (Stone
et al. 2012), this equates to a half-life of approximately 4.5 to 13 days. Another study (Dow
Corning Corporation 1980) reported an atmospheric half-life of 0.3-0.5 days in a Teflon-lined
chamber and 1.1 days in glass chamber; however, this study did not provide rate constants.

D4 is also expected to sorb to particulate matter present in the atmosphere. Lab experiments
conducted with single aerosol types found that D4 rapidly (e.g., within minutes) sorbs to aerosol
particles (Kim et al. 2016; Navea 2009a,c). For many aerosol types, D4 irreversibly binds to the
aerosol such that desorption does not completely occur (Kim et al. 2016) mostly due to the
transformation of D4 on the aerosol surface. Relative humidity was found to have a large impact
on D4 sorption to aerosols and its transformation on the surface. Since the experiments were
largely conducted at very low relative humidities (< 30% relative humidity), translation of the
measured sorption kinetics into environmental relevant conditions is difficult. Navea (2009a)
modeled a half-life of 8.75 days at 60% relative humidity for D4 in the presence of an aerosol

surface concentration of 1.1x10° m%/mq.

In air, it is also well established that D4, D5 and D6 readily degrade by interaction with OH
radicals (Atkinson 1991, Latimer et al. 1998, Sommerlade et al. 1993). D4, D5 and D6 are
mainly released from the urban centers where the OH radical concentrations are much higher
than the global average OH radical concentration used to estimate their current half-lives
(Suzuki et al. 1984; Nunnermacker et al. 1998; Dillon et al. 2002; Ren et al. 2002; 2003; Hjorth
et al. 1984; Schade et al. 2002). Very recent work using actual monitoring data demonstrates the
real-life degradation of D4, D5 and D6 in air may be much faster than what is currently
estimated (Xu et al. 2019). The authors have demonstrated that D4, D5 and D6 may be

1701939.001 - 3625
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transported much shorter distances in the real atmosphere than estimated using models based on
the OH radical mechanism. In addition, the data suggest that the spatial patterns of the D4, D5
and D6 concentration ratios cannot be explained by OH radical mechanism alone, suggesting
that additional degradation mechanism(s) are operative in the atmosphere for these compounds.
This work suggests that the real-life half-life may be much shorter (~2 days) than the
experimentally determined half-life. A collaborative effort with experts from Norway,
Stockholm University, and the University of Toronto is underway to better determine the
atmospheric half-lives of D4, D5 and D6 using field data from two south-to-north transects, and
selected specific locations that reflect the effects of air circulation patterns both in Europe and
North America. Completion of the project is expected by the end of 2020.

Information on phototransformation is provided in Table 3-3, with the corresponding reviews in

Appendix B.
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Table 3-3. Phototransformation

not reported. Nitric acid, nitroethane, or
nitrogen dioxide present to produce OH
radicals

chamber and 1.1 days in glass chamber

1980 (Study Director:
Lane, T.H.)

Method Results Remarks Evaluation (score Klimisch score |Reference Reference ID
based on template)! |(from CSR
unless noted)

Other (measured) Rate constants for OH radical at 295K is Atmospheric half-life of 13 days assuming an OH 27 N/A Bernard et al. 2018 BERNA18A
1.12 x 10*2cm®molecule?s™. Replicates are |radical concentration of 10° mol/cm®.
in excellent agreement and overall
uncertainty in this rate constant is 13%.

Other (measured) Rate constant for OH radical at 298 K: Atmospheric half- life approx. 11.5 days assuming 25 N/A Kim and Xu 2017 KIM17A;
0.95+0.18 x10*? cm*molecules™ global average OH concentration of 1.5*10° KIM17B (SI?)

mol/cm?,

Other (measured) Rate constant for OH radical at 298 K = Atmospheric half-life approx. 4.5 days assuming 27 N/A Xiao et al. 2015 XIAO15A

2.34 x10*2 cm®molecule?s™. global average OH concentration of 7.7 x10°
molecules/cm?®

Other (measured) Rate constant for OH radical at 298 K = 1.9 | Estimated tropospheric half-life of 8 days at 255 K 29 N/A Safron et al. 2015 ISAFRO15A
x 10*2cm®molecule’s™. (average tropospheric temperature) assuming average
Rate constant for OH radical at 255 K = OH radical concentration of 10° molecules/cm3
1.45 x 102 cm®molecule?s™.

Other (measured) Rate constant for OH radical at 297 K = 29 2 Sommerlade et al. 1993 |SOMMER93A
1.26 x 102cm®molecules™.

Other (measured) Rate constant for OH radical at 297 K = 30 4 Atkinson 1991 IATKIN91A
1.01 x 102 cm®molecule?s™. Little reaction (note: K2, Key
with NO3 or Os study, in ECHA)

Other (measured) Rate constant for OH radical at 300K = 34 4 Bayer 1990 (Study BAYER90A
3.08x10%2 cm3/s. [Note that units do not Director: Parlar, H.)
include molecule.] No reaction with N2,
02, or H20.

Other (measured) The reaction of D4 with hydroxyl radicals |Relative half-life (compared to n-octane) with O3 at 33 4 Abe et al. 1981 IABEB1A
was found to be accelerated by the presence [~10° mol/L is 3.3 days. Note that actual atmospheric
of high conc. of ozone (>0.4 mol/l) and 03 concentrations are ~ 10° mol/L
water vapour.

Other (measured) Specific pseudo first-order rate constants | Atmospheric half-life: 0.3-0.5 days in Teflon-lined 33 4 Dow Corning Corporation [DOWCO80A
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reaction with components of mineral dust
aerosol and carbon black under dry (< 1%
relative humidity conditions).

to particulate matter. Difficult to translate to realistic
environmental conditions.

Method Results Remarks Evaluation (score Klimisch score |Reference Reference ID
based on template)* |(from CSR
unless noted)
Modeling Modeling exercise using rates measured by |Half-life of 9.21 days with OH radical concentration NA N/A Navea et al. 2009b NAVEA09B
Navea et al. 2009a, Atkinson 1991 and of 10° molecule/m3,
Sommerlade et al. 1993 is contained in the |Half-life of 7.4 days when accounting for diurnal
second half of this report. (The first half changes in D4 and OH radical concentrations in July
describes the laboratory investigation of (full sun).
Navea et al. 2009a). Half-lives ranging from 7.69 days (20% humidity) to
8.75 days (60% humidity) when an aerosol surface
concentration of 1.1x10° m?/m?is included in the
model.
Other (measured) Rate constant for reaction with particulate | Atmospheric oxidants such as 0zone may modify the 29 N/A Navea et al. 2009a NAVEAO09A
matter and O3 is 1.8*10'° /cm?*s (cm? is mineral dust surface such that uptake of D4 by
surface area of particulate matter) at 40% | mineral dust may be important. O3 enhances D4
relative humidity. uptake and may cause polymerization reaction of D4.
Other (measured) Sorption and desorption rates and isotherms | Experiments were conducted at 30% relative 26 N/A Kim and Xu 2016 KIM16A
for 9 different aerosol types. Aerosol-air humidity (daytime desert conditions). Relative
partition coefficients ranged from 0.09 to  |humidity significantly impacts sorption and thus it is
50.4 L/m?for D4. Carbon black and difficult to extrapolate these experiments to true
kaolinite showed the largest sorption environmental conditions.
density; sea salt was the lowest. D4 sorbed
quickly into aerosols reaching equilibrium
within 2 hours.
Other D4 and D6 concentrations were correlated | 700 measurements of outdoor air concentrations were 18 NA Xu et al. 2019 XU19A
(data analysis of with measured concentrations for D5 at the |taken from peer-reviewed journals and government
published data) same times and locations in the majority of |reports between 2004 and 2016 with the latitudes of
the datasets. as the sampling sites changed |the sampling sites >35°N. Air monitoring data from
from the source to remote locations along a |immediate point sources such as manufacture sites,
south to north transect, average cVMS waste water treatment plants and landfills were
concentrations in air decreased in an excluded to avoid bias.
exponential manner.
Other (measured) D4 can be removed from the gas phase by | Paper not useful since only deals with sorption of D4 31 N/A Navea et al. 2009¢c NAVEAO09C

! These studies include a range of possible scores between 15 and 60. A higher score indicates a lower reliability. Blue color indicates high reliability; yellow color indicates medium reliability; no color
indicates scoring not applicable.
2 Peer-reviewed articles with a supplemental information (SI) that was reviewed are noted. The Sl is documented as a separate document (e.g., KIM16A is main document and KIM16B is the SI). SI’s are not

listed in the references.
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3.3.3 Biodegradation

D4 showed little biodegradation (3.7%) under the conditions of an OECD 310 29-day sealed
headspace test (Springborn 2005). This is considered a screening test for ready biodegradability.
The test substance was not toxic to the inoculum (which was demonstrated to be acceptable) and
the reference control performed as expected. In a study conducted following the Bourquin
microcosm test (EPA 660/3-75-035) modified to accommodate a volatile test substance
(Springborn 1991d), losses of D4 from the sediment-water system were observed in both active
and sterile control chambers. Losses were likely due to hydrolysis or absorbed compound from
backflow. Biodegradation was not observed. However, since mass balance in this study was
variable, and the mean recovery values were below 80%, the reliability of this study is

downgraded.

Aerobic and anaerobic transformation in water/sediment systems was investigated in a
preliminary study with sediment from Sanford Lake, Michigan (Dow Corning Corporation
2008c) and then in full studies with sediment from Lake Pepin, Wisconsin (Dow Corning
Corporation 2009a,b). These latter studies gave half-lives of 365 days (anaerobic conditions)
and 242 days (aerobic conditions) and indicated that hydrolysis was likely responsible for losses
of D4 in the systems. Complete mineralization of D4 or its hydrolysis products was very slow in
both systems, and methanogenesis in the anaerobic study was minimal.

Degradation in soil was studied in open and closed tubes to examine the competing processes of
volatilization and hydrolysis over a range of relative humidity (Xu and Chandra 1999). Two soil
types were used, with one more highly weathered (Wahiawa soil). Half-lives for degradation in
soil were 0.04, 0.08, and 0.89 days for Wahiawa soil at relative humidity of 32, 92, and 100%,
respectively, and 3.54 and 5.25 days for Londo soil at relative humidity of 32 and 92%,
respectively. At high humidity, degradation slowed and volatilization became predominant.
Both processes act to reduce persistence of D4 in soils. The pathways of degradation were
investigated in the Wahiawa soil in closed tubes (Xu 1999) and shown to follow a step-wise
process beginning with ring-opening hydrolysis to form linear oligomeric siloxane diols,
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followed by further hydrolysis to form monomer dimethylsilanediol. Data from these two
publications were used in a calculation to estimate the degradation rate in an “average” soil
(Dow Corning Corporation 2007a). These calculations provided a half-life for D4 in a temperate
soil of 4.1-5.27 days (at relative humidity 50-90%) and, for a tropical soil, 0.046—0.078 days (at
relative humidity 50-90%).

In summary, D4 degradation in water, sediment, and soil appears to occur primarily by abiotic
processes, as little biodegradation has been observed in laboratory studies (e.g., 3.7% in OECD
310). Degradation in water is largely by hydrolysis. In a standard laboratory study, the half-life
in sediment was 365 days under aerobic conditions and 242 days under anaerobic conditions. In
soil, dissipation occurs through both volatilization and hydrolysis, with a measured half-life of
0.04 days to 5.25 days across different soil types. At high humidity, degradation slowed and
volatilization became predominant. Due to volatilization and hydrolysis, D4 is not persistent in
water and air. However, once incorporated into sediment, degradation appears to be slow. It
should be noted that these degradation rates have been derived from laboratory studies. Recent
research has suggested that degradation processes under real environmental conditions may be
different. For example, it has been found that the capacity of some sediment-feeding organisms
to metabolize hydrophobic organic contaminants may exceed that of microbial degradation. In
addition, interactions between microbes and eukaryotes enhance microbial activity, which may
further increase microbial degradation compared to what is measured in standard laboratory
tests. (Selck and Forbes 2018).

Information on biodegradation of D4 is provided in Table 3-4, with the corresponding reviews

in Appendix B.
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Table 3-4. Biodegradation

Method

Results

Remarks

Evaluation (score based

Klimisch score
(from CSR unless

Reference

Reference ID

transformation in
water/sediment systems

mineralization of D4 or hydrolysis products
very slow. Methanogenesis not significant.

Solomon (BRDIG16A)
and scored 3.5 for
methods, 3.5 for
relevance.

(Study Director: Xu)

on review)! noted)
OECD 310 - sealed Activated sludge inoculum added to aqueous | Guideline study conducted under GLP with |21 (possible score 18-72) 1 Springborn 2005 (Study [SPRINO5B
vessel CO, evolution medium. Little biodegradation observed (3.7% |well-documented findings. The test Director: Gledhill)
(screening test for of theoretical at day 29). substance was not toxic to the inoculum Reviewed by Bridges and
ready biodegradability) (which was demonstrated to be acceptable) | Solomon (BRDIG16A)
and the reference control performed as and scored 3.4 for
expected. methods, 2.0 for
relevance.
Bourquin microcosm | Biodegradation not observed. Losses of D4 Chambers containing sediment and water |29 (possible score 17-68) 1 Springborn 1991d (Study [SPRIN91D
likely due to hydrolysis or issues with backflow | were modified to address D4 volatility. Director: Fackler)
into traps. Mass balance was variable, and recovery  |Reviewed by Bridges and
value were below 80%. Study used the Solomon (BRDIG16A)
Bourquin microcosm test (EPA 660/3-75- and scored 3.4 for
035) modified to accommodate a volatile methods, 2.75 for
test substance. relevance. Method score
reduced to 1.7 due to poor
recovery
OECD 308 — Aerobic | In 22 days, about 32% of the D4 underwent This is an interim report of preliminary 35 (possible score 17-68) 2 Dow Corning DOWCO008C
transformation in hydrolysis in the sediment from Sanford Lake, |results. Reviewed by Bridges and Corporation 2008c
water/sediment systems | MI. Calculated half-life of 47 days. Complete Solomon (BRDIG16A) (Study Directors: Xu and
mineralization of D4 or hydrolysis products not and scored 2.6 for Miller)
significant. methods, 3.75 for
relevance.
OECD 308 — Aerobic | Aerobic half-life in Lake Pepin, WI sediment | Guideline study conducted under GLP with |20 (possible score 17-68) 2 Dow Corning DOWCO09A
transformation in was 242 days. Hydrolysis indicated. Complete |well-documented findings. Corporation 2009a
water/sediment systems | mineralization of D4 or hydrolysis products (Study Director: Xu)
very slow.
OECD 308 - Anaerobic half-life in Lake Pepin, WI sediment | Guideline study conducted under GLP with |20 (possible score 17-68) 2 Dow Corning DOWCO009B
Anaerobic was 365 days. Hydrolysis indicated. Complete |well-documented findings. Reviewed by Bridges and Corporation 2009b
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Method

Results

Remarks

Evaluation (score based

Klimisch score
(from CSR unless

Reference

Reference ID

existing data

(relative humidity 50-90%). In a tropical soil
this would be 0.046-0.078 days (relative
humidity 50-90%).

degradation rates for an “average” soil
based on data in XU99A and XU99B.

Corporation 2007a
(Study Director: Xu)

H 1
on review) noted)

Two soil types in open |For closed tubes, half-lives for degradation in | Publication on rates of degradation and 18 (possible score 15-60) 2 Xu and Chandra 1999  [XU99B
and closed tubes soil were 0.04, 0.08 and 0.89 days for volatilization in soils. Two soil types were

weathered Wahiawa soil at relative humidity of {used, with one more highly weathered

32, 92 and 100%, respectively and 3.54 and (Wahiawa soil).

5.25 days for Londo soil at relative humidity of

32 and 92%, respectively. At high relative

humidity, degradation slowed and volatilization

became predominant for open tubes.
One soil type in closed |Degradation steps include ring-opening Publication on degradation pathway in 13 (possible score 11-44) 2 Xu 1999 XU99A
tubes hydrolysis to form linear oligomeric siloxane | Wahiawa soil

diols, followed by further hydrolysis to form

monomer dimethylsilanediol.
Extrapolation of Half-life in a temperate soil is 4.1-5.27 days Report presenting calculation of Not scored 2 Dow Corning DOWCO07A

1 The range of possible scores is provided. A higher score indicates a lower reliability. Blue color indicates high reliability, yellow color indicates medium reliability,
and no color indicates scoring not applicable.

Two studies listed as Klimisch 4 in the CSR are not included above (Wolfgang and Rast 1995 and Dow Corning 1976). More recent and reliable data are available to
assess biodegradability without these studies.
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3.3.4  Soil Adsorption and Desorption

The adsorption/desorption behavior of D4 was studied using OECD TG 106 (Adsorption -
Desorption Using a Batch Equilibrium Method) (Dow Corning Corporation 2007b). Sorption of
13C-D4 by three different soils varying in organic carbon content, pH, and texture was studied
over a range of concentrations. The range of the log of the organic carbon/water partition
coefficient (Koc) for absorption was 4.17 to 4.27 with an overall average of 4.22. For
desorption, Koc ranged from 4.23 to 4.39, with an average of 4.30. The results indicate that D4
has a strong affinity to sorb to soil. The linear isotherms and the general agreement in the log
Koc values across the different soils suggested that partitioning into soil organic matter
dominated the overall sorption of D4 from water. The comparable values of log Koc for
adsorption and desorption indicated that the sorption of 3C-D4 was largely reversible for short
contact times (ca. 48 h). Kozerski et al. (2014) summarized these results and concluded further
that compared to traditional hydrophobic organic compounds, Koc values for cVMSs are
significantly lower than expected based on Kow. A linear free energy relationship analysis
showed that these differences could be rationalized quantitatively in terms of the inherent
characteristics of cVMSs, combined with the differences in solvation properties of organic
matter and octanol. Panagopoulos et al. (2015) reported the log Koc for D4 as 5.06 in a study
conducted in a closed system using sediment as the organic carbon source and a purge and trap
equilibrium method. The indirect assessment approach used in this study is less reliable than the

guideline study described above (Dow Corning Corporation 2007f).

Information on soil sorption and desorption is provided in Table 3-5, with the corresponding

reviews in Appendix B.
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Table 3-5. Soil adsorption and desorption.

Method

Results

Remarks

Evaluation (score based
on review)!

Klimisch score
(from CSR unless
noted)

Reference

Reference ID

OECD 106,
Adsorption-desorption
using batch equilibrium

In three soils, range of log Koc for absorption
was 4.17-4.27 with overall average of 4.22.
For desorption, 4.23-4.39, with average of
4.30.

Guideline study conducted under GLP with
well-documented findings. The results
indicate that D4 has strong affinity to sorb
to soil. The linear isotherms and the
general agreement in the log Koc values
across the different soils suggested that
partitioning into soil organic matter
dominated the overall sorption of D4 from
water. The comparable values of log Koc
for adsorption and desorption indicated that
the sorption of *C-D4 was largely
reversible for short contact times (ca. 48 h).

19 (possible score 17-68)

1

Dow Corning
Corporation 2007b
(Study Director: Miller)

DOWCO07B

Published article summarizing
DOWCOO07B.

Not scored

Kozerski et al. 2014

KOZER14A

Purge and trap method;
Sediments varying in
organic carbon content,
pH, and texture were
studied over a range of
concentrations.

Sediment based log Koc for D4 is 5.06 and log

Kdqc is 5.05

Publication describes measurements made
using sediment as the organic carbon
source, which could account for difference
in log Koc compared to other studies.
Indirect method used, less reliable than
guideline methods.

13 (possible score 6-24)

NA

Panagopoulos et al. 2015

PANAG15A

1 The range of possible scores is provided. A higher score indicates a lower reliability. Blue color indicates high reliability, no color indicates scoring not applicable.
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3.35 Bioaccumulation

A number of studies published since 2008 were found covering D4 bioaccumulation metrics,
some of which were computer modeling estimates, laboratory studies, and field studies. These
studies are reviewed and summarized herein. Terminology used in this section includes
bioconcentration factor (BCF), biomagnification factor (BMF), trophic magnification factor
(TMF), and biota sediment accumulation factor (BSAF). Bioconcentration is the intake and
retention of a compound through respiration of water or air*. Biomagnification (or trophic
magnification) refers to what occurs when a compound moves up the food chain to higher
trophic levels and exceeds the equilibrium concentration found between an organism and its
environment.® Bioaccumulation is chemical intake by an organism through all means: contact,
respiration, and ingestion.® BSAF is defined as the lipid-normalized concentration of an organic
chemical with hydrophobic properties in an organism relative to the organic carbon-normalized

concentration of the organic chemical in the sediment in which the organism was exposed.’

As cited individually below, bioaccumulation related information is provided in Table 3-6
through Table 3-10.

3.3.5.1 Modeling of bioaccumulation

Computer-based modeling tools are widely used to estimate chemical processes of
bioaccumulation (i.e., BCF, BMF, etc.) and are largely based on the physical-chemical
properties (e.g., lipophilicity, metabolism rate) of the compound in question. Review
publications such as by Nichols et al. (2007) have examined the use of computer modeling of
chemical absorption, distribution, metabolism, and excretion (ADME) data in assessing
bioaccumulation processes in fish. As detailed in the European OECD Test 305 Guideline —

Bioconcentration in Fish®, kinetic bioconcentration factors (BCF«) are commonly derived from a

4 Accessed on February 21, 2019 at https://link.springer.com/referenceworkentry/10.1007%2F1-4020-4494-1 31
> Accessed on February 21, 2019 at https://link.springer.com/referenceworkentry/10.1007%2F1-4020-4494-1 31
6 Accessed on February 21, 2019 at https://link.springer.com/referenceworkentry/10.1007%2F1-4020-4494-1 31
7 Accessed on February 21, 2019 at https://bsaf.el.erdc.dren.mil/about.cfm

8 Accessed on October 1, 2019 at https://www.oecd.org/env/test-no-305-bioaccum ulation-in-fish-agueous-and-
dietary-exposure-9789264185296-en.htm
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simple, first-order, one-compartment fish model for use in federal regulatory action. However,
the one-compartment toxicokinetic model that has been in long-term use in such guidelines is
not consistent with the current state of the science, experimental practices, and information
needs for bioaccumulation and risk assessment, and proposed new methods are detailed by
Gobas et al. (2019) and Gobas and Lee (2019). In addition, metabolism is a key process
potentially attenuating bioaccumulation of chemicals in aquatic organisms and may strongly
affect internal concentrations of parent compounds and metabolites (Ashauer et al. 2012).
Metabolic studies on D4 have been undertaken with fish by Domoradzki et al. (2017a) and
Cantu and Gobas (2019) and benthic invertebrate species (Selck et al. 2019); the compound has
been found to be highly metabolizable, with metabolism rate constants (kwm) that influence
bioaccumulation of the compound in aquatic organisms. The fish km values with rainbow trout
have been used with other available bioaccumulation parameters to calculate BCF and BMF
values for D4 using the newest bioaccumulation modeling method (Gobas et al. 2019), as seen
in Table 3-6.

Table 3-6. Calculated BCF and BMF values for D4 derived for rainbow trout using
measured input parameters and the Fish Bioaccumulation ADME Calculator
for OECD 305 Dietary Bioaccumulation Tests in Fish: Excel Model Version
1.1 from Gobas et al. (2019).

Endpoint Units Value
BCFy L/kg fish ww 5953
BCFi. L/kg fish ww 3567
BMFy kg food dw/kg fish ww 0.068
BMF,. kg lipid/kg lipid (or unitless) 0.3611
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BCF« is the ratio of the concentration in fish body (wet wt) to the concentration in water (in
units of L/kg fish ww). BCF«L is the BCF« converted to a BCF«. for a standard fish with a lipid
content of 5% (in units of L/kg ww). BMF is the ratio of concentration in fish body (wet wt) to
concentration in food (dry wt) (in units of kg food dw/kg fish wet wt). BMFxL is the ratio of the
concentration in fish body (lipid wt) to concentration in food (lipid wt) (in units of kg lipid/kg

lipid, or unitless).

3.3.5.2 Laboratory Studies

Xue et al. (2018) presents information on bioaccumulation in the common carp using both
laboratory exposures and a trophic level study on numerous organisms collected from an
estuary. The reported BCF value for carp was 6,197 L/kg (Xue et al. 2018; Table 3-10).
However, the kinetic parameter model fit to the data from Xue et al. (2018) could not be
reproduced by Kim et al. (2019), and Xue et al. (2018) also erred in reporting dry weight fish
concentration data, not wet weight concentrations as are usually done for kinetic modeling of
BCF. Kim et al. (2019) reanalyzed the data, and estimated values of K1 (uptake rate) and k2
(elimination rate) by optimizing the parameters using the OECD 305 Guideline methods and
computer modeling of uptake and elimination fish and water data (via Berkeley Madonna
software®). Since dry weight fish concentrations were reported and no water content (or solid
content) of the fish was noted by Xue et al. (2018), a water content of 70% (or 30% of solid
content) was assumed. The results of optimized parameters from the new regression calculated
by Kim et al. (2019) are shown in Table 3-7 and the improved fit of the revised kinetic
parameters versus Xue et al. (2018) is shown graphically in Figure 3-1. The new values of K1
and kz are different from those of Xue et al. (2018) and the revised D4 BCF« value with the
common carp is 1673 L/kg. This D4 carp BCFk value of 1673 L/Kkg is two-fold less than the
modeled D4 BCFkL of ~3600 L/kg ww (see Table 3-6).

® Berkeley Madonna: Modeling and Analysis of Dynamic Systems Version 8.3.18, https://berkeley-
madonna.myshopify.com/
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Table 3-7. Bioconcentration kinetic parameters from Xue et al. (2018) compared to

values fit by Kim et al. (2019) using the OECD 305 Guideline one-box model
and Berkeley Madonna software.

Value reported by Modeled Value by

Parameter Units Xue et al. (2018)  Author (2019)°
K, (Uptake) L kg-ww ™ day ™ 872 184

k, (Elimination) day™ 0.1407 0.11

BCF, (K./k,) L kg-ww ™ 6197 1673

® Modeled using OECD 305 one-box model and Berkeley Madonna
software.

Figure 3-1. (A) Fit of D4 kinetic parameters modeled by Xue et al. (2018) and (B) the
revised modeling by Kim et al. (2019). The kinetic parameters employed in
this analysis are shown in Table 3-7, along with resulting BCFk values.

D4 D4

Conc (ng/g-dw)

0 10 20 30 40 50 60 70

A Time (day)

20 30 40 50 &0 70
Time (day)

It is generally considered problematic to assign a BMF value to a material based solely on field
data, due to factors such as unknown diet selection, movement/migration, and varying chemical
exposure concentrations in water and sediment. Xue et al. (2018) reported a D4 BMF of 3.2
going from plankton (trophic level or TL 2.14) to Japanese snapping shrimp (TL 2.59) using Eq.
10 in Xue et al. (2018). This BMF value could not be completely reproduced by Kim et al.
(2019), as shown in Table 3-8. The revised D4 BMF value from the plankton-shrimp
relationship was lower at 2.6 compared to the original value of 3.2.
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Table 3-8. Biota concentration data and BMF values from Xue et al. (2018) and new
BMF recalculated by Kim et al (2019).

Species Trophic D4

Level Conc. (ng/g-lw)
Japanese snapping shrimp 2.59 750
Planktan 2.14 239
BMEF
Xue et al. (2018) 3.2
New calculation 2.6

The D4 BMF study of Xue et al. (2018) is considered less reliable than studies conducted under
OECD 305 guidelines, such as the D4 laboratory BMF study by Woodburn et al. (2013) in
which rainbow trout (Oncorhynchus mykiss) were directly exposed to 4C-labeled D4 through
the diet over 77 days. This study determined an half-life of approximately 20 days for D4 and
BMF and lipid adjusted BMF (BMFL) values of 0.28 and 0.66 for D4, respectively (Woodburn
et al. 2013; Table 3-10); the latter lipid-adjusted value is comparable to the modeled D4 BMFkL
value of 0.36 (Table 3-6).

3.3.5.3 Field Studies

TMFs are useful measures of trophic magnification and represent the diet-weighted average
BMF of chemical residues across food webs. As such, TMFs are commonly used for the
assessment of chemical bioaccumulation in food webs, as they are derived from field
measurements thereby providing information on the actual behavior of the chemical in the
environment. The TMF value is typically derived from the slope of a log-normal regression of
chemical residues in organisms (lipid-normalized) upon their corresponding trophic levels. As
field measurements, TMFs can provide valuable insights into the real-world bioaccumulation
behavior of chemicals; they have been referred to as the “gold standard” of bioaccumulation
metrics (Gobas et al. 2009). However, like all bioaccumulation metrics, TMFs may be subject to
a degree of uncertainty as a consequence of systematic sampling bias, spatially-variable
concentrations in water and sediments, and variations in biotransformation rates (Conder et al.
2012; Burkhard et al. 2012).
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Trophic magnification factors (TMFs) are generally calculated as the slope b by the
concentrations of lipid normalized ([chemical concentration]iw) regressed against the trophic
level (TL) position (Kidd et al. 2019); the food web TMF value is the antilog of the slope:

log[chemical concentration],, = a+bTL (1)

TMF =10° (2)

Numerous field studies have been conducted to better understand biota/sediment BSAF and
food web TMF values for the cVMS materials (D4, D5, and D6). For example, Dow Corning
Corporation conducted a field study that measured D4 and other cVMSs (D5 and D6) in the
food web and sediments of a temperate lake (Lake Pepin) in Minnesota USA (Dow Corning
Corporation 2009c). They measured these cVMSs in two benthic macroinvertebrate species and
15 fish species from different trophic levels and found that concentrations of D4 decrease with
increasing trophic level, providing evidence that D4 does not biomagnify but biodilutes (Dow
Corning Corporation 2009c). Dow Corning Corporation conducted another field study in an
Ontario lake (Lake Opeongo) that assessed cVMSs in lake sediment, zooplankton, and fish
tissue samples from different trophic levels. Concentrations of D4 ranged from 0.87 to 3.77 ng/g
ww in fish tissues and were 0.43 ng/g ww om zooplankton; however, cVMS contamination was
found in all reagent blanks, and the data, therefore, are not considered reliable (Dow Corning
Corporation 2010a). Another study by Dow on the food webs of the inner and outer Oslofjord,
Norway characterized sediment and biological tissue and found the D4 TMFs was between 0.2
to 0.6 (Dow Corning Corporation 2010b). The study determined that D4 does not biomagnify in
this marine food web, similar to the field study conducted in 2009 on the Lake Pepin trophic
system (Dow Corning Corporation 2009c). Another study by Dow used data collected on the
food web of Lake Champlain and a biouptake model to explore confounding factors that may
contribute to uncertainties in TMF (Powell et al., 2014). The authors reported that reliable TMFs
could not be obtained for cVMS in the aquatic food web of Lake Champlain due to the
experimental design, concentration gradients, and species migration across the study area. In
addition, modelling results indicated that because cVMS is biotransformed in biota,

concentration gradients couple with experimental design can cause apparent TMFs to be both
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greater than or less than 1, depending on the magnitude of the concentrations gradients in the

environment and species migration.

Borga et al. (2012) and Kierkegaard et al. (2011, 2013) used a purge and trap extraction method
developed by these researchers that was subsequently found to be unreliable for cVMS
determinations in a review paper that characterized reliability of D4 studies (Bridges and
Solomon 2016) and this should be used with caution. The extraction method was refined and
presented in Borga et al. (2013) and those data show that D4 concentrations in the pelagic food
webs in three Norwegian lakes (two lakes were human influenced and one lake was remote)
were low, often below the limit of quantification (LOQ) and a low TMF of 0.7 (0.5-0.9) was

determined, suggesting biodilution of D4.

McGoldrick et al. (2014a) characterized biological samples from various food web
compartments in Lake Erie, Canada to determine TMF values for cVMS materials. D4
concentrations in biota included plankton = 2 ng/g (below limit of detection), mayfly = 7 ng/g,
and fish = 9-13 ng/g. Observed TMFs were assessed in various food web configurations to
investigate the effects of food web structure. The cVMS TMF estimates were highly dependent
on the inclusion/exclusion of the organisms occupying the highest and lowest trophic levels and
were <1 for D4 (indicating trophic dilution) in four of the five food web configurations
investigated and when the highest and lowest trophic levels were excluded (walleye and
plankton), the TMF value was 1.1 for D4. Overall, TMF <1 were observed for D4 in 4 of 5 food
web configurations. When all species data are considered, the average D4 TMF = 0.74 and

when all data are considered (excluding plankton), the D4 TMF = 0.73.

Hong et al. (2014) presents a one-time sampling event in Dalian China in the Chinese Sea which
characterized marine sediment, seawater, fish tissue, and effluent from municipal waste streams
to understand the baseline concentrations of cVMSs. Hong et al. (2014) found mean
concentrations of total methyl siloxanes were 46.1 + 27.2 ng/L in seawater, 12.4 + 5.39 ng/g dry
weight (dw) in sediment, and 5.10 + 1.34 wet weight (ww) in fish. The mean value of the BSAF
was 0.716 + 0.456 for D4 (Hong et al. 2014).
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Jia et al. (2015) examined cVMS behavior in a coastal marine food web in Dalian Bay in
northern China. The authors reported on a zooplankton-invertebrate-fish aquatic food web and
trophic magnification was not statistically significant for D4 (correlation coefficient or
R?=0.02, p=0.16). These aquatic data indicate that neither trophic magnification nor trophic
dilution was occurring with D4 in this aquatic food web.

Krogseth et al. (2017) used GC/MS to measure cVMS concentrations in benthic fauna,
sticklebacks (fish), brown trout, and char in Lake Storvannet, a subarctic lake in Norway. The
measured biota concentrations of all cVMS, including D4, indicated that none of the cVMS
materials (D4, D5, D6) exhibited trophic biomagnification; the measured D4 TMF in Lake
Storvannet was <1, indicating trophic dilution. The BSAF for D4 in sticklebacks averaged 1.5,
with a range of 0.5-3.3, for char the BSAF was <6.2, and the BSAF was non-detect in trout.

Powell et al. (2017) examined cVMS concentrations in a pelagic marine food web in Tokyo
Bay, Japan. The authors found no evidence of trophic magnification with D4 in the studied
species and found no statistically significant association between lipid-adjusted concentrations
and trophic level for D4 (correlation coefficient or R =0.04, p=0.52). Using bootstrap analysis,
the authors calculated that the probability that the D4 TMF >1 in the Tokyo Bay food web was
less than 0.1%.

Bridges and Solomon (2016) conducted a QWOE evaluation on the persistence,
bioaccumulation, and ecotoxicity of cVMS chemicals. The authors examined all available BCF,
BMF, and TMF data on D4 and concluded that studies in natural food webs “support a
conclusion that the cVMSs do not biomagnify, a conclusion that is consistent with results of

toxicokinetic studies”.

The field data of Xue et al. (2018) were used by the authors to calculate a D4 TMF value in a
marine estuary (Bohai Sea) in northeast China. The authors compiled field biota concentration
data on a wide variety of organisms in the ecosystem, but only present TMF plots for a single
food web chain (see Fig. 5 of Xue et al. 2018), more specifically: planktons (TL =2.14) — ark
shell (TL =2.78) — Neverita’s albumen (TL = 2.95) — Chinese ditch prawn (TL = 2.98). The

paper failed to provide TMF values based on other food chains. Furthermore, the single food
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chain that was examined for deriving TMF values was based on small sample sizes of biota
(e.g., n=1 for ark shell and n= 2 for Chinese ditch prawn) and the spread of trophic levels was
only 0.85, far less than the desired trophic level spread of >2 for TMF calculation (Kidd et al.
2019). Since the real food-web in the test area is complex by nature, it is highly unlikely the
simple, single food chain would represent environmental reality, and the small sample sizes of
some of the biota in the examined food chain are too small to account for expected
environmental variability (Borga et al. 2012). Additionally, as the authors acknowledge, the
enrichment relationship between the two isotopes (**C and '°N) was not strong, and a proper
food chain could not be established with any confidence. These data do not support that the
samples taken for this study are reflective of an existing food chain; therefore, calculation of

TMF values from these samples is not supported as environmentally relevant.

In addition, regarding the specimen masses in the food chain, the prey-predator relationship in
the food chain is unusual. The only ark shell collected was an individual with a mass of 71 g
(not clear if this was with or without shell), but the predatory snail, Neverita aloumen, which the
authors indicated is the major predator of the ark shell, had masses ranging from 2.1 to 4.7 g,
with one individual of 17.9 g. The “apex predator” of this food chain is the Chinese ditch prawn
with specimen masses ranging from 1.0 to 3.7 g. Although the ark shell — Neverita’s albumen
— Chinese ditch prawn may be a feasible food chain in this ecosystem, it seems highly unlikely
that the individual specimens collected and analyzed here are reflective of that food chain.

Individual size and life stage need to also be taken into consideration.

Thus, it is strongly recommended to use all the data for TMF calculation because the real food-
web is intrinsically incorporated in the assessment. Kidd et al. (2018) also suggested key
principles for evaluation of TMF studies including a minimum food web TL difference of 2.0
and balance in the number of samples for low and high trophic level species. Using all the data
in Table 2 of Xue et al. (2018), Kim et al. (2019) recalculated TMF as shown in Table 3-9. Plots
of D4 biota concentrations vs. trophic level shown in Figure 3-2.
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Table 3-9. Recalculation of trophic magnification factors (TMFs) by Kim et al., (2019)
using all the biota data of Shuangtaizi estuary, China, in Table 2 of Xue et al.

(2018)
Without plankton With plankton
TMF
cVMS TMF R? p value| TMF R? p value
(Xue 2018)
D4 0.081 0.4701 0.02 0.459 0.1134 0.3 Not provided

Figure 3-2. Biota concentrations of D4 (ng/g-lw) vs. trophic level (Kim et al., 2019), using
all data (Xue et al. 2018)
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Cui et al. (2019) examined the TMF behavior of cVMS materials in marine food webs the
Chinese Bohai Sea; the food webs consisted of seabirds, fish, invertebrates, and zooplankton.
The study area is highly urbanized and the authors acknowledge that the sampling locations are
influenced by several major ports, which could contribute to spatial variability in environmental
concentrations in cVMS and corresponding concentrations in biota. The authors were uncertain
whether biota were exposed to the same cVMS concentrations at four different sampling sites,
however. Migration of the seabirds, Saunder's gull and Herring gull, is well known, as most
gull species are migratory, with birds moving to warmer habitats during the winter, though the
extent to they migrate varies by species. This movement can also result in irregular and variable

concentrations of cVMS in such species.

In addition, the enrichment relationship between the two stable isotopes (**C and *°N) used for
trophic level determination was not strong, indicating that a proper food chain could not be
established with any confidence (Cui et al. 2019). Specifically the C:N adjusted 513C values of
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Saunder’s gull and Herring gull were -19.8 to -24.8 and -20% to -24.2%, respectively, which
may indicate that the birds were feeding at different carbon/energy substrate foodwebs, leading
to an overestimate of TMF for the foodwebs that include the seabirds. When seabirds are
excluded from TMF analysis, the slope of the D4 biota concentration versus trophic level
regression was not statistically significant (correlation coefficient or R? = 0.04), indicating no
evidence of trophic magnification or dilution in the aquatic food webs for the Chinese Bohai Sea
data of Cui et al. (2019).

A report from the Norwegian Environment Agency (Ruus et al., 2019) examines the cVMS
concentrations in Inner Oslofjord biota. The authors concluded that the concentrations of

siloxanes (D4, D5 and D6) displayed “no significant relationship with trophic position”.

In summary, the available field data with regard to D4 and trophic magnification indicate the
conclusion reached by Bridges and Solomon (2016) from their weight-of-evidence evaluation of
biomagnification of D4 is still valid in studies published post 2016: this compound does not
biomagnify in aquatic food webs and its field biota concentrations do not display any significant
relationship with trophic position. Information on field study (and lab) bioaccumulation is

provided in Table 3-10, with the corresponding reviews in Appendix B.
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Table 3-10. Bioaccumulation based on laboratory and field studies

Stable nitrogen (15N) and stable carbon (13C)
isotope analyses were performed on muscle tissue
samples to determine trophic levels.

Lack of feeding of fish during 64 days of exposure
could have affected the results.

Evaluation Klimisch score
Method Property Results Remarks (score based Reference Reference ID
S 1| (from CSR)
on review)
Laboratory Studies
OECD and EPA |BMFT, lipid adjusted BMF, | £jimination half-lives of approximately | Laboratory analysis with fish feed containing 500 | 22 based on N/A Woodburn etal.  WOODB13A
guidelines for  |elimination half life 20d. ug/g of D4 in feed. Fish were fed once a day. score of 17 to 2013
*
T BMF and BMF, values of 0.28 and 0.6 %8
with rainbow for D4
trout (O. mykiss)
over 77 days
Laboratory ~ [BCF, BMF, TMF Published BCF for D4 with carp: 6,197 |Water and biological samples underwent 32 based on N/A Xueetal. 2018 [XUEL8A and
bioaccumulation L/kg indicating strong bioaccumulation | extraction and underwent GC-MS. score of 17 to XUE18B (SI)
study with fish potential in common carp. 68*
(Cyprinus
carpio) Fish concentrations reported as dry weight (dw)
The BMF value for D4 was 3.2. data, not wet weight (ww) data, as required for use
Field study of in BCF modeling (i.e., OECD 305 Guideline).
food web Reproduction of published fit of fish/water data to
Shuangtaizi BCF model was not possible. Re-analysis of fish
estuary in and water data resulted in revised BCFy value of
northeastern 1673 L/kg ww.
China
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Evaluation | Klimisch
Method Property Results Remarks (score based|score (from Reference Reference ID
onreview)!| CSR)
Field Studies
Field study of cVMS concentrations in | 4 concentrations were too Representatives of the pelagic food web 31 based on | 2 in ECHA [Borga etal. 2012 [BORGA12A and BORGA12B (SI)
biomagnification/biodilution |pelagic food web low to calculate TMFs; were collected in a large lake in Norway. SO of 15 to|Dossier; not
measured by Purge and | ,o\ever, TMFs of 0.6to | Whole samples of zooplankton, and 60* scored in
rap extraction method |1 3 are provided in ECHA’s | muscle samples of fish were analyzed for i CSR
ollowed by gas dossier using reporting stable isotopes, cVMS, lipid content, and | R€viewed by
chromatography/mass | |imjts. select PCB and BDE congeners for Bridges and
pectrometry (GC/MS) comparison to cVMS. However, there was | _S°lomon
calculation o_f TMFs for a low sample number (n=4-5). The cVMS (BRIDG16A)
one Norwegian lake. extraction method used in this study was | @nd scored
Similar approach was found to be unreliable compared to other 2.95 for
taken for better known methods and most of the samples had D4 | Methods,
contaminants, PCB and concentrations below the LOQ. 2.17 for
BDE congeners. relevance
Field study of cVMS concentrations in | ow D4 TMF of 0.7 (0.5- |Representatives of the pelagic food web 31 based on | 2 in ECHA [Borga et al. 2013 [BORGA13A and BORGA13B (SI)
biomagnification/biodilution |pelagic food web 0.9) were collected in a three lakes (2 impacted, S0 of 16 to|Dossier; not
measured by a refined ) 1 remote) in Norway. Whole samples of 64* scored in
Purge and Trap extraction zooplankton and muscle samples of fish . CSR
method followed by were analyzed for stable isotopes, cvMs, |Reviewed by
GC/MS to calculate lipid content, and select chlorinated Bridges and
TMFs in three Norwegian pesticides, PCB congeners, and BDE Solomon
lakes. Similar approach congeners for comparison to cVMS. (BRIDG16A)
was taken for better However, there was a low sample number | @d scored
known contaminants, (n=1-9). The cVMS extraction method was | 33> for
select chlorinated refined but has not been validated and methods,
pesticides, PCB most of the samples had D4 concentrations | 2:17 for
congeners and BDE below the LOQ, except at one of the lakes, | relevance
congeners.
Field study of Relative trophic levels, | Trophic magnification Lake Pepin, MN, USA. Lake Pepin is 102 21 based on N/A Dow Corning DOWCO09C
biomagnification/biodilution; trophic magnification factors (TMFs) for D4 were |2 in size, was used as a model score of 16 to Corporation 2009¢c
characterization of factor (BMF), <1 freshwater lake system to collect 64* (Study Authors:
freshwater sediment and predator/prey BMF, biological and sediment samples. Reviewed by Powell and
biological samples froma  |pbioaccumulation factors Bridges and Woodburn)
lake (BSAF) Solomon
(BRIDG16A)
and scored
3.30 for
methods,
3.00 for
relevance
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Evaluation | Klimisch
Method Property Results Remarks (score based|score (from Reference Reference ID
onreview)!| CSR)
Field study of Concentrations of D4, Analytical cVMS concentrations were determined 36 based on N/A Dow Corning DOWCO10A
biomagnification/biodilution; D5, and D6 determined. |method detection limits from field samples (Lake Opeongo, score of 17 to Corporation 2010a
— characterization of lake expressed on the basis of Ontario) and not prepared in the lab. 68* (Study Author:
sediment and fish tissue wet weight across all Characterization of lake (sediment) was Reviewed by Powell)
content matrices reported. Data included sediment Bridges and
(sediment, zooplankton, and | characterization (carbon coulometry Solomon
fish) ranged from 0.47 to analysis, loss-on-ignition analysis), fish  ((BRIDG16A)
0.90 ng/g ww for DA4. characterization (water and lipid content, and scored
stable isotope analysis), cVMS analysis 2.95 for
(extraction from sediments, fish, methods,
zooplankton) 2.00 for
relevance.
Study had cVMS contamination in all Method score
reagent blanks. downgraded
lto 1.48 due to
variability in
analytical
data
Field study of Concentrations of D4, TMF < 1.0 for D4 Evidence indicates that D4 does not 38 based on N/A Dow Corning DOWCO10B*
biomagnification/dilution; D5, and D6 determined. biomagnify or bioaccumulate. Study site: SO of 17 to Corporation 2010b*
charagterlz_atlon_ of sediment Oslofjord, Norway _68* (Study Author:
and biological tissue content Reviewed by Powell)
Bridges and
Solomon
(BRIDG16A)
and scored
3.05 for
methods,
3.17 for
relevance.
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Evaluation | Klimisch
Method Property Results Remarks (score based|score (from Reference Reference ID
onreview)!| CSR)
Field study of Baseline concentrations |mean concentrations of Study represented a one-time sampling 31 based on N/A Hong et al. 2014* HONG14A* and HONG15B (SI)
bloaccum_uIaglon/blodllytlon; of D4, _D5, D6, and D7  |total methyl 3|on_anes Were |avent to determine siloxane concentrations [S¢ore of 16 to
characterization of marine  |determined. 46.1 £ 27.2 ng/L in in urban. semi-urban. and non-urban 64*
sediment, seawater, effluent seawater __|environments near Dalian China/Chinese
from municipal waste 12.4 +5.39 ng/g dry weight | e,
stream, and fish tissue (dw) in sediment
content 5.10 + 1.34 wet weight
(ww) in fish
mean value of biota-
sediment accumulation
factor (BSAF) was.0.716 +
0.456 for D4
Field study of TMF Location: Dalian Bay Study collected multiple species from 30 based on N/A Jiaetal. 2015* NIA15A* and JIA15B (SI)
biomagnification/biodilution; China ' different levels in the food web to score of 17 to
collection of fish, 68*

crustaceans, mollusks,
worms, and sea lettuce with
laboratory analysis to
determine concentrations and
TMFs

TMF = 1.16 for D4.

determine trophic magnification factors.
The authors reported on a zooplankton-
invertebrate-fish aquatic food web and
trophic magnification was not statistically
significant for D, (correlation coefficient
or R?=0.02, p=0.16). These aquatic data
indicate that neither trophic magnification
nor trophic dilution was occurring with D4
in this aquatic food web.
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Evaluation | Klimisch
Method Property Results Remarks (score based|score (from Reference Reference ID
onreview)!| CSR)
Field study of cVMS concentrations in | sediment/benthic biota Samples of flounder, ragworm and 43 based on Not Kierkegaard etal. |KIERK11A and KIERK11B (SI)
bioaccumulation penthic organisms and | pigaccumulation ratio of D4 |sediment were collected from six intertidal [SCOre Of 15 tojpresented in| 2011
sediments for multi- relative to those for sites in the Humber Estuary (UK) and used 60~ ECHA
media bioaccumulation | pcB180. Study showed that | to estimate bioaccumulation of cVMS and |Reviewed by} Dossier or
factors (MMBAFs) D4 bioaccumulates to a PCB congeners to worms and flounder in | Bridgesand | CSR
measured by Purge and | greater extent (6 x in the estuary. However, the sample size was | _Selomon
Trap extraction method | ragvorm and 14x in low, and D4 was below the LOQ for all of [(BRIDG16A)
followed by GC/MS. flounder) than PCB180, but |the sediment samples and many of the and scored
Also measured PCBs as a| )| of the sediment D4 biota samples. Also bioaccumulation 2.55 for
benchmark to evaluate | concentrations and many of |factors were not provided in a useful methods,
CVMS data. the biota D4 concentrations | format; they were compared to PCB180 as | 217 for
were below the LOQ. a reference compound, but there is some relevance.
doubt that D4 and PCB180 are distributed [Method score
similarly in those sediments given that downgraded
PCBs are legacy POP and cVMS are still | t0 1.28 due
being used and concentrations are likely to | variable
be distributed in a gradient from an [ECOVETIES
anthropogenic source. Finally, the cVMS
extraction method used in this study was
found to be unreliable compared to other
methods.
Field study of cVMS concentrations in | p4 was 4x lower in seal Samples of herring and seal blubber were 39 based on Not Kierkegaard et al. |KIERK13A and KIERK13B (SI)
bioaccumulation and herring and blubber of |y, bper than in fish collected from Baltic Sea for cVMS score of 15 to|presented in|2013
biomagnification/biodilution (grey seals from the Baltic| samples; showing that D4 |determination. Herring muscle contained a 60 ECHA
Sea measured by Purge | gig not biomagnify. mean concentration of 12 ng D4/g lipid | Reviewed by| Dossier or
and Trap extraction weight. Bridges and CSR
method followed by . L Solomon
GC/MS. To assess bl(_)magnlflcatlon pf c\(MS, the (BRIDG16A)
lipid-normalized concentrations in herring |* 54 scored
were compared with the concentrations in 2.80 for
seal blubber, but D4 concentrations in methods,
herring sampled in the same years as the 1.33 for
seals were_the below_the L(_)Q. The median| (ojevance.
concentration of D4 in _herrlng from the Method score
previous year was _4x hlgher than the downgraded
median concentration in seal blubber 0 0.70 due to
suggesting that D4 did not biomagnify in el
grey seals. However, the sample size was factors
low, and D4 was below the LOQ for the
blubber samples. Finally, the cVMS
extraction method used in this study was
found to be unreliable compared to other
methods
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Evaluation | Klimisch
Method Property Results Remarks (score based|score (from Reference Reference ID
onreview)!| CSR)
Preliminary field study in cVMS concentrations in | pata were collected to Little detail on the study was provided in 47 based on Not Krogseth et al. 2014 KROGS14A
Lake Storvan_net in sediment, surface V\_/ater, develop a model to predict |this paper; thus, Krogseth et al. (2017) score of 15 to|presented in
Hammerfest in northern ~ zooplankton, benthic | £4t6 and hioaccumulation of |should be considered instead. 60* ECHA
Norway of bioaccumulation ffauna, sticklebacks (fish), | c\/ms in colder aquatic Dossier or
and brown trout, and char systems. Only predicted CSR
biomagnification/biodilution [measured by gas concentrations were
and data collection for model [chromatography/mass reported, in graphical
development pectrometric detection | ormat.
(GC/MS).
Field study of cVMS concentrations in | Average concentrations of Representatives of the food web were 33 based on Not Krogseth et al. 2017 KROGS17A and KROGS17B (SI)
bioaccumulation and benthic fauna, D4 in whole Pisidium, collected in a subarctic lake in northern score of 16 to|presented in
biomagnification/biodilution [sticklebacks (fish), brown|Chironomidae, and Norway. Whole samples of benthic fauna 64* ECHA
trout, and char measured |sticklebacks were 4.7, 9.9, (not depurated), whole samples of Dossier or
by GC/MS. and 13 ng/g wet weight, sticklebacks, and muscle samples of Arctic CSR
respectively. Muscle char and brown trout were analyzed for
concentrations of D4 in stable isotopes, cVMS, lipid content (fish
Avrctic char ranged from only). However, there was a low sample
below the LOQ t0 19n9/g | ,ymber for the benthic infauna (n=2) and
wet weight; muscle sticklebacks (n=5). In addition, the model
concentrations of D4 in under predicted cVMS concentrations in
brown trout were all below | penthic fauna, but did a better job
the LOQ. These data predicting fish tissue concentrations.
suggest that D4 does not
exhibit trophic
biomagnification.
D4 BSAF for char was
<6.2. D4 was nondetect in
trout, so no BSAF was
calculated. D4 BSAF for
sticklebacks was 1.5 (0.5-
3.3).
Field study of ITMF, biological D4 concentrations in biota: Samples collected in Lake Erie (Canada); |31 based on N/A McGoldrick etal. [MCGOL14A* and MCGOL14D
biomagnification/dilution;  [concentrations Plankton = 2 ng/g (below thorough use of controls, spiked samples, [SCO" of 16 to 2014a* (SI)
characterization of biological limit of detection) and blanks. 64*
samples from various food Mayfly = 7 ng/g Reviewed by
web compartments Fish 9-13 ng/g Bridges and
Solomon
TMFs for D4: (BRIDG16A)
All species: 0.74 and scored
All species except plankton: 3.25 for
0.73 methods,
All species except plankton 3.17 for
and walleye: 1.1 relevance
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Evaluation | Klimisch
Method Property Results Remarks (score based|score (from Reference Reference ID
onreview)!| CSR)

Field study of cVMS Concentrations of D4, D4, D5, and D6 were Field work in Canadian lakes assessing 31 based on N/A McGoldrick etal. MCGOL14B* and MCGOLD14C
occurrence in biota; - D5, and D6 determined. detect_ed at_ Ieyel_s above concentrations in lake trout and walleye. ~ (560re of 16 to 2014b* (SI)
characterization of fish tissue detection limits in all 87 64*
content fish samples. D4, D5, and

D6 were present at

measureable but low levels

in nearly all procedural

solvent blanks and averaged

0.81 ng/g D4. The levels of

D4, D5, and D6 in fish were

highest in the Laurentian

Great Lakes particularly in

Lake Trout from Lake

Ontario and the eastern

basin of Lake Erie.

Lake Ontario had the

highest siloxane values,

with D4 ranging 2.5 — 28

ng/g ww.
Field study of trophic Bioaccumulation, TMF, |There was no evidence The regression models indicated that 25 basedonal N/A Powell etal. 2017 |POWEL17A and POWEL17B (SI)
dilution and magnification in [cVMS concentrations from any of the regression |trophic dilution of cVMS, not trophic score of 16 to
Tokyo Bay, Japan using models to suggest magnification, occurred. Study in 64*
biological and sediment biomagnification of cVMS |agreement with previous published
samples in Tokyo Bay. literature.
Field study of Concentrations of D4, TMF < 1.0 for D4 Peer reviewed version of DOWCO10B. N/A N/A Powell etal. 2018 |POWEL18A
biomagnification/dilution; D5, and D6 determined. Peer reviewed literature version not
characterization of sediment reviewed.
and biological tissue content
Field study of trophic Concentrations of D4, TMF based on regression of | Eia1d work in marine environment 28 based on NA Cui et al. 2019 CUI19A
transfer in Bohai Sea, China. [D5, D6, and D7, TMF, |lipid-normalized assessing concentrations in various species score of 16 to
17 species plus zooplankton and trophic dilution. concentrations and TL for 64*

were collected and analyzed
for D4 .

all species was 1.7 for D4.
The TMF based on the
zooplankton-invertebrate-
fish (excluding seabirds)
was not significant for D4.

to understand trophic transfer.
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Evaluation | Klimisch
Method Property Results Remarks (score based|score (from Reference Reference ID
onreview)!| CSR)

Field study in inner Concentrations of D4, D4 tissue concentrations Field work in marine environment 29 based on NA Ruus et al. 2019 RUUS19A
Oslofjord, Norway, on D5, and D6, and were not detected in lower assessing concentrations in various species [60re of 16 to

marine food web and numerous other trophic level organisms to understand urban impacts to marine 64*

multiple contaminants, compounds such as (e.g., polychaetes, blue ecosystem.

including siloxanes PCBs, metals, etc. mussel, krill, prawn and

herring), or in herring gull
blood or eggs, but
concentrations in cod
ranged from 16.2 to 130
ng/g ww. Concentrations of
siloxanes (D4, D5 and D6)
displayed no significant
relationship with trophic

position
Field study of trophic Concentrations of D4, Concentrations of cVMS in | Eield work in freshwater environment 23 NA Powell et al. 2014 | DOW14A
transfer in Lake Champlain, [D5, and D6 in biota and |biota were highly variable assessing concentrations in various species
USA. sediment. Sediment within and between species, |q understand TMF across seven trophic
samples were also and generally appeared to guilds.
characterized for physical | be related to sample
chemical properties. collection location.

*Modifications to the scoring system are noted when categories were not applicable and no score was made. See more scoring details in Appendix B.
tAbbreviations: BAF-bioaccumulation factor; BCF-bioconcentration factor; BMF-biomagnification factor; BSAF-biota sediment accumulation factor; TMF-trophic biomagnification factor
! These studies include a range of possible scores between 18 and 72. A higher score indicates a lower reliability. Blue indicates high reliability, yellow indicates medium reliability, pink indicates low

reliability, and no color indicates scoring not applicable.
2 peer-reviewed articles with a supplemental information (SI) that was reviewed are noted. The Sl is documented as a separate document (e.g., KIM16A is main document and KIM16B is the Sl). SI’s are not

listed in the references.
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4 Scope of the Evaluation

This section discusses the scope of the D4 Risk Evaluation. The conditions of use that are
included, as well as those that are excluded, are presented. This is followed by a discussion of
the conceptual models that describe the potential exposure pathways for D4 that could result in
hazards to human health and the environment. Finally, an analysis plan is presented which

discusses the sources of data to inform the potential exposures and how these data will be used.

4.1 Conditions of Use

TSCA § 3(4) defines conditions of use as “the circumstances, as determined by the
Administrator, under which a chemical substance is intended, known, or reasonably foreseen to
be manufactured, processed, distributed in commerce, used, or disposed of.” Sources of
information on conditions of use for D4 include the CSR (2018), the D4 and D5 Conceptual Site
Models and Mass Balance Report prepared by ERM for the Silicones Environmental, Health
and Safety Council (SEHSC; ERM 2012) and the results of the US EPA 2016 Chemical Data
Report (CDR).

The life cycle diagram for D4 is presented in Figure 4-1. Manufactured D4 is principally used as
a chemical intermediate in the production of polymers. Manufactured D4 is also incorporated
into a formulation, mixture, or reaction product, which is then used in a wide range of industrial
and consumer applications, such as personal care products, household products, electronics and
textiles applications. Uses in food contact materials, cosmetics and personal care products, and
over the counter medication (OTC) do not fall under TSCA but are governed by other
regulations and are technically not included in a TSCA risk evaluation. However, these uses are
considered in Section 5.1 of the Exposure Assessment as a conservative approach. The
categories of the conditions of use that are included in the risk evaluation are presented in Table
4-1.
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Figure 4-1. D4 Life Cycle Diagram

Manufacture Processing Industrial, Commercial, Consumer Uses Releases and Waste Disposal
» Paint and Coating Manufacturing
Basic Inorganic Chemical
Manufacturing
| All Other Chemical Product and
Preparation Manufacturing
> Miscellaneous Manufacturing
. Processing as a » Adhesives and Sealants
reactant Emissions to:
> Automotive Care Products .
Air
Manufacture || > Cleaning and Furnishing Care Wastewater
Products
Liquid Wastes
. g Paints and Coatings .
Processing or g Solid Wastes
incorporation into .
— p. . » Plastic and Rubber Products
formulation, mixture or
reaction product ) .
g Polishes and Sanitation Goods
> Soaps and Detergents
|:| Manufacture N Personal care products and
|:| . cosmetics
Processing
|:| Industrial/Commercial Use - Over the counter (OTC)
|:| Consumer Use i
I:l Non-TSCA Use > Food contact materials
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Table 4-1.

the Risk Evaluation

Categories and Subcategories of Conditions of Use Included in the Scope of

Life Cycle Stage Category @ Subcategory P
Manufacture Domestic Manufacture Domestic Manufacture
Processing Processing as areactant | All Other Basic Organic Chemical Manufacturing

Other Basic Organic Chemical Manufacturing

All Other Basic Inorganic Chemical Manufacturing

All Other Chemical Product and Preparation
Manufacturing

Resin and Synthetic Rubber Manufacturing

Synthetic Rubber Manufacturing

Adhesive manufacturing

Processing-incorporation
into formulation, mixture,
or reaction product

Paint and Coating Manufacturing

All Other Basic Inorganic Chemical Manufacturing

All Other Chemical Product and Preparation
Manufacturing

Miscellaneous Manufacturing

Commercial/Consumer
Use

Adhesives and sealants

Automotive care products

Cleaning and furnishing
care products

Paints and Coatings

Personal care products
and cosmetics®

Over the counter (OTC)
medication®

Food contact materials®

Plastic and Rubber
Products not covered
elsewhere

Polishes and sanitation
goods

Rubber and plastic
products

Soaps and detergents

Disposal

2 These categories of conditions of use reflect CDR codes and broadly represent conditions of use of D4 in
industrial and/or consumer settings.

b These subcategories reflect more specific uses of D4.

¢ These categories are not TSCA-relevant, but per Section 5.1 are considered in the Exposure Assessment as a

conservative approach.
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41.1 Domestic Manufacture

The starting point for silicone (siloxane) manufacture (including D4) is quartz rock, a pure form
of silica (SiO2). Silica is mixed with coke and reduced to silicon metal by heating to

temperatures of 2,200 -C in an electric arc furnace. The chemical reaction is:

Si02+2C — Si+2CO

Commercial production of silicones is currently done by the “Direct” process (also known as the
“Rochow Process” or Mueller-Rochow Process™), in which ground silicon metal reacts with
methyl chloride (CHsCI) vapor (in the presence of proprietary copper catalysts) in a fluid-bed
reactor to form a mixture of methylchlorosilanes (and other by-products), principally
dimethyldichlorosilane, trimethylchlorosilane, and methyldichlorosilane, which are all
intermediates used to make other final products. For example, the chemical reaction producing

dimethyldichlorosilane is:

Si + 2 CHsCl — (CHzs)2SiCl2

These chlorosilanes are separated by fractional distillation.

Chlorosilanes are hydrolyzed, a reaction that produces silanol intermediates and hydrogen
chloride (HCI). The hydrolysis reaction is described generically by the reaction:

RxSiCl@-x) + 4-x HOH — RxSi(OH)@-x) + 4-x HCI

Where R= methyl, phenyl, vinyl, etc.

The HCl is captured and separately reacted with methanol (CHsOH) to form methyl chloride,
which is one of the starting chemicals in the direct process described above. The silanol
intermediates undergo condensation in situ to produce mixtures of linear and cyclic siloxanes,
commonly known as condensate. In particular, silanols are capable of condensation reactions of

the type to produce a siloxane (a compound with the structure Si-O-Si) and water:
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R3SiOH + HOSiR3 — RsSi-O-SiRs + HOH

Depending upon the structure of the silanols, either simple condensation or condensation
polymerization can take place. The silanol condensate is further processed, split, or distilled into

linear or cyclic siloxanes, such as D4.

The overall reactions, including the reduction of quartz to silicon, reaction of silicon metal with
methyl chloride to produce chlorosilanes, the hydrolysis of chlorosilanes, and the condensation
of siloxanes to produce oligomers and polymers summarize the process route for producing

siloxane compounds.

4.1.2 Processing

4.1.2.1 Processing as a Reactant

The principal use of D4 is as a monomer in the formation of silicone polymers, most especially
polydimethylsiloxane (PDMS). A key process in the manufacture of silicone polymers is the
conversion of short-chain linear or ring siloxanes (oligomers or polymers) under equilibrium
conditions via the continual breaking and reforming of Si-O-Si bonds using either strong acid or
base catalysis at temperatures up to approx. 430K. This is commonly called “equilibration
polymerisation” as in most instances the equilibrium favors higher molecular weight silicone
polymers with just 15% w/w cyclic remaining regardless of the make-up of the starting
dimethylsiloxane mixture. It may be done under batch or continuous conditions (Wacker 2005).

Isolated, pure (typically 99%) D4 is a common raw material which is used for equilibration
polymerisation to make not only PDMS but also, in combination with other siloxane co-
monomers, a wide range of functionalised siloxanes bearing, for example, amine, SiH, or vinyl
functional groups (Wacker 2005). Alternatively, blends of D4 and

decamethylcyclopentasiloxane may be used (Bluestar 1997).

In addition to its use as a monomer, D4 can also be described as an intermediate. Thus,
disiloxanes will also participate in the chain cleavage and re-formation reactions described
above and so hexamethyldisiloxane, for example, will be cleaved and incorporated into the
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growing polymer chain as an end-blocker. The ratio of hexamethyldisiloxane to -(CHz3)2SiO- in
the reactant feedstock effectively governs the molecular weight of the PDMS produced (Wacker
2005). Thus, if the relative ratio of hexamethyldisiloxane to -(CH3)2SiO- is very high, short
oligomeric siloxanes which do not meet the criteria required to be classed as a polymer may be
prepared via the processes described above.

An example of this is the production of decamethyltetrasiloxane, which may be prepared by the
equilibration of hexamethyldisiloxane and D4. The equilibration is catalysed by a solid acid
such as an acid clay or resin. The siloxanes are fed to the reactor in a continuous fashion and
allowed to reach equilibrium. This equilibrate is removed from the reactor, and so from contact
with the catalyst which prevents further bond cleavage and is then distilled twice. In the first
stage, more volatile siloxanes (e.g., unreacted hexamethyldisiloxane and D4) are removed as the
overhead fraction and returned to the reactor. In the second stage, the desired product is
collected as the overhead fraction, which may be filtered and sent to storage or for packaging.

Less volatile siloxanes may be returned to the reactor.

4.1.2.2 Processing - Incorporation into Formulation, Mixture, or Reaction Product

Use in non-metal surface treatment

The surface of minerals or other non-metals is often treated in order to change the surface
chemistry or energy without affecting the properties of the bulk basis substance: thus, a
hydrophilic surface may be rendered hydrophobic or an inert surface made reactive. Although
organofunctional silanes, including chlorosilanes and silazanes, are the most common class of
Si-based substances used to treat non-metal surfaces, siloxanes are also used, most especially in
the treatment of silica to render it hydrophobic when used in a silicone polymer matrix (e.g.,
silicone elastomer). If a cyclic siloxane with no ready functional group to attach it to the silanols
of the substrate surface, such as D4, is to be used, sufficient energy or chemical activation has to

be provided. Thus, two possible processes are possible:

e the surface may be “pre-treated” as one step in the manufacture of the

modified substance, such as a filler, before it is sold or further processed, or
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e the treating agent may be added in situ, either concurrently or consecutively

to the basis substance and other components of the system.

Pre-treatment during manufacture

The principal pyrogenic (or fumed) silica manufacturers supply untreated, hydrophilic silica but
also several grades of treated, hydrophobic silica. D4 is used as a surface treatment agent for
this purpose. The surface reaction is described as being done with the treating agent (Si-based
substance) “in the gas phase” and in a direct, continuous fashion, i.e., the surface treatment

process is directly integrated with the silica production process.

In-situ treatment

In-situ treatment is commonly used in the production of silicone rubber compounds where a
mixture of high molecular weight (MW) silicone polymer, pyrogenic silica, and surface
treatment agent are mixed under high shear to form a “rubber base”. This most usually occurs in
a batch process. Production unit sizes vary but a volume of 1,000 — 5,000 liters is not atypical.
Addition levels are of the order 0.2 to 1.0% by weight of the treating agent of the total mix.

Use in electronics applications

Three distinct applications have been identified for use of D4 in the electronics and

semiconductor manufacturing industries:

e Precursor for chemical vapor deposition
e Ingredient of conformal coatings

e Ingredient of potting agents (or encapsulants)

Precursor for chemical vapor deposition

Forming electronic devices on a wafer involves a long series of highly precise processes. Many
of these operations consist of depositing and then patterning layers, and various Si-based
substances are used in these processes, for example, one class of interlayer dielectric is based on
a solution of hydrogen silsesquioxane resin, (HSiOsz2)n, in a carrier solvent, which may itself be

a blend of volatile methylsiloxanes (VMS). These coatings are applied by spin coating.
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An alternative process is chemical vapor deposition (CVD) whereby one or more gas or liquid
precursor materials are carried by an inert gas stream into a deposition chamber containing the
wafers. The precursors react and attach themselves to the wafer surface, gradually building a
layer of the desired composition until the desired thickness of the new thin film has been
achieved. This is an industrial batch process, but everything is totally contained, and clean-room
facilities are maintained throughout in order to protect the semiconductor product from
contamination. This also effectively protects the workers from molecular and particulate

contaminants.

The CVD process takes place in a process chamber or a quartz tube under low pressure at
temperatures of >1000°C. The process reaction takes place in a small process chamber or tube
under vacuum conditions and is fully automated. Each batch process uses only a small volume
of precursor (70-150 ml). The precursor reacts on use. The chamber and tubes are automatically
purged with inert gas (nitrogen or helium) to remove any unreacted precursor before opening
the chambers to remove the wafers. They are then cleaned after each process cycle with cloths
wetted with water and alcohol to remove deposits of amorphous silicon dioxide. Thorough
manual cleaning of process chambers is performed on a biweekly or monthly basis, but no
unreacted precursor is present in the chamber at this point. All chambers are vented to the wet

scrubber.

Conformal coatings and potting agents

Potting agents (or encapsulants) are gels or elastomers which fill recessed cavities of an
electronic substrate and extend over the outer edge to completely seal the substrate in its
housing and encapsulate the terminals. These are often supplied as two-part systems which are

mixed in situ.

Conformal coatings such as polyurethanes, acrylics, epoxies, and silicones have been used for
over 40 years to protect electronic circuits. The two key functions of coatings used in electronic
circuits are environmental protection, particularly moisture protection, and electrical insulation
or isolation. In addition to shielding electronics from moisture, chemicals, and contaminants that

result in corrosion and electrical failures, environmental protection includes protection from
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physical abuse, such as handling and abrasion, temperature extremes, and radiation. However,
the one coating requirement that is basic to all functions is good adhesion, both initially and

during the operation and lifetime of the hardware.

Conformal coatings can be formulated using many different chemistries and are normally
applied by spraying, dipping, brushing, or flow coating. Early formulations that were based on
solvent carriers and long cure times are being replaced with non-solvent containing (100%
solids) compositions and formulations that cure in minutes instead of hours. Using non-solvent
formulations is important in avoiding the entrapment of solvents in the coating which can cause
voids and loss of adhesion. Traditional highly volatile organic solvents are being replaced by

solvents having low VOC (volatile organic compounds) emissions.

Silicone coatings may be either solvent-based or solventless (100% solids) and either one-part
or two-part systems. For electronic applications, the one-part, solventless (100% solids)
formulations are preferred. One-part silicones generally cure by exposure to ambient moisture.
As mentioned above, silicone coatings are primarily polymeric. The silicone polymers used in
electronics applications are often referred to as being of “high purity” and/or described as “non-
migrating.” This is indicative of their containing a very low level of incidental, volatile cyclic
siloxanes (Licari 2003).

Use in textiles applications

Within the textile and leather finishing industries, silicone polymers likely to contain D4 are

used in several applications, including:

e Functional finishing agents
— Fabric softeners

e Coating, wholly or partially, of textiles or finished articles with silicone
rubber, including outdoor clothing, air bags and conveyor belts.
— Solvent born coatings for leather

— Anti-shrink and waterproofing coatings
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— LSR (Liquid Silicone Rubber) and RTV (Room Temperature Vulcanised)
coatings for stocking tops, bras, socks etc.; for airbags for cars; or for
architectural fabrics

— LSR printing ink for textiles

e Processing aids such as defoaming/anti-foaming agents, lubricants, wetting agents or
leveling agents.

— Synthetic and cotton fibre spinneret lubricants

These applications are further discussed below.

Functional finishing agents

Silicone finishing agents are used to impart properties such as softening, water repellency,

shrink-resistance, and abrasion resistance to textiles and leather.

Silicone polymers, including resins, have been used as water-repellent agents in the textiles
industry since at least the 1960s. As well as imparting hydrophobicity, silicones have the added
advantages of chemical resistance and softening or smoothing effects on the textiles (Noll
1968). The Reference Document on Best Available Techniques (BREF) on the textiles industry
(EC 2002) describes the use of silicone repellents and silicone softeners during textile finishing
treatments. Both types of product are usually supplied as aqueous emulsions of polysiloxanes —
either PDMS or organo-modified polysiloxanes with reactive or non-reactive functional groups
(EC 2002). Use of aminofunctional groups is now common due to increased physical adsorption
on the textile substrate and greatly enhanced softening properties versus PDMS. These aqueous
formulations generally also contain catalysts and organofunctional silane cross-linking agents.

Polysiloxane (polymers) contain cyclic siloxane residues, such as D4. Although these residues
may undergo polymerisation or degradation (oxidation) in later processing, some will be

released to wastewater and air.

A report produced by the Italian textiles industry (Federchimica, 2010) describes in detail the

use of chemicals in the textile sector, including typical amounts used, common processes, and
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handling techniques. The use of silicone softeners is identified at various life cycle stages,

summarised in Table 4-2 below.

Table 4-2. Use of silicone softeners in textile applications

-;:I)—fg(ct:elsesing step Textile type Range (g/kg) Typical (g/kg) Frequency of use!
Pre-treatment Anti-shrink 05-1 Not stated 3
Protein fibres (wool) 02-3 1 4
Dyeing (Cctzltltuolrc]))se fibres 05-3 1 2
Synthetic fibres 05-3 1 3
Finishing Specialist treatment 05-6 1.5 4

1 = Always (100%); 2 = Often (75%); 3 = Medium (50%); 4 = Infrequent (25%)

Functional finishing auxiliaries are usually applied to textiles from aqueous solutions or
dispersions, mainly in padding machines (continuous process), but also batch (exhaust)

application, for example a winch beck.

Various types of padding machine are used, but the principle is that the fabric is drawn through
a trough where it picks up the liquor, and then passes through a system of rollers. The amount of
liquor picked up is dependent on the pressure applied by the rollers, and the liquid in the trough
circulates to prevent differences in temperature or concentration. The liquid level in the trough
automatically compensates for the liquor picked up by the fabric (EC 2002). The required
amount of auxiliary added to the padding liquor for functional finishing ranges from 5 to 50
kg/ton, and is typically 20 kg/ton (OECD 2004).

The recommended concentration of finishing agent in the padding liquor is typically around 30
g/L. Thus, the concentrations for emulsions based on siloxanes (typically 10-40% actives) in the
bath go from 10-100 g/I. This would translate to 1-40 g/l of siloxane actives in the bath. The

level of siloxane actives deposited on the fabric is 0.1-1% based on the weight of the fabric.

Silicone water repellent treatments are also widely used in leather finishing. The leather may be
immersed in solutions of impregnating agents in organic solvent for 0.5 to 2 minutes, or applied
with brushes, rollers, or plush. For larger pieces of leather, the finishing chemicals may be
applied by spraying (Noll 1968). Following impregnation, the leather is dried and then heated
(50-60°C).
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Coatings

Coated textiles are described as being a fabric substrate coated with a thin, flexible layer of
natural or synthetic polymer which is applied as a dispersion or solution of polymer in organic
solvent (OECD 2004). However, silicone elastomers are most often applied “neat” (100%
actives). Techniques used include blade, spraying, or printing. The application amount varies
depending on the required coating thickness, but in most cases is around 100 g/kg (OECD
2004).

The relevant polymer systems for this scenario may be described as:

e heat-vulcanizing silicone rubbers (HVR);
e LSR;or
e RTV.

End applications for the coated textiles range from industrial (conveyor belts, automotive
airbags) to consumer (“hold up” stockings). While the polymers themselves are not being
assessed, the presence of low levels of cyclic siloxanes, such as D4, as impurities must be taken

into consideration.

Processing aids

Defoaming agents (or antifoaming agents) are needed at several stages of textile processing,
during pre-treatment (e.g., sizing, desizing, bleaching) and finishing operations (e.g., application
of fabric softeners, dyeing) (Table 4-3). Yarn needs to be sized before weaving to protect it from
damage or breaking during the weaving process. Typical sizing agents include modified starches
and cellulose, polyvinyl alcohol (PVA), polyacrylates or polyesters. Defoaming agents are
added when the sizing agents tend to produce foams (e.g. PVA), or if wetting agents (usually
surfactants) are used. The recommended concentration of defoaming agent ranges from 0.1 to
2% of a typically 10 — 30% aqueous dispersion or emulsion; some products require further pre-
dilution in water before use (Company material safety data sheet [MSDS]). Typically, 1.5 g of
silicone antifoam is required per kilogram of fabric (Federchimica 2010). The sizing agents

must be removed from the woven fabric before finishing and this process is the main source of
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discharge to waste water from finishing mills (OECD 2004). Defoaming agents are also needed
during the removal of water-soluble sizing agents and to prevent unwanted foaming during
dyeing or other finishing processes (EC 2002). These may be pre-added to surfactant

formulations or added directly at the point of use.

Finally, dyes or especially softeners may be applied from aqueous emulsions which contain
surfactants. Application conditions usually result in a certain degree of shear or agitation. Taken
together, these conditions can give rise to unwanted foaming which may be controlled by
addition of defoaming agents. Again, the recommended concentration of defoaming agent
ranges from 0.1 to 2% of a typically 10 — 30% aqueous dispersion or emulsion; some products
require further pre-dilution in water before use (Company MSDS). The typical loading rate is 1
g/kg fabric (Federchimica 2010).

The Federchimica report (2010) summarises typical product formulations and processes for each

life cycle stage.
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Table 4-3. Use of defoaming agents in textile applications

Textile Textile type

processing step Range (g/kg) Typical (g/kg) Frequency of use
Anti-shrink 0.1-03 Not stated 3
Sizing 0.05-0.2 0.1 4
Pre-treatment  pecizing 1-10 15 1
Synthetic fibres 0.5-30 10 2
Protein fibres (wool) 01-15 0.7 2
. Cellulose fibres
Dyeing (cotton) 02-2 1 3
Synthetic fibres 02-1 0.5 3
o Specialist treatments 001L-05 05 3
Finishing e.g. water repellent
Coating Not stated 0.01 3

1 = Always (100%); 2 = Often (75%); 3 = Medium (50%); 4 = Infrequent (25%)

As with other applications described above, the defoaming agents themselves contain polymers
in conjunction with other additives such as silica. The polymers are often
polydimethylsiloxanes, which may contain low levels of cyclic siloxanes such as D4.

Another use of silicones as processing aids in the textile industry is to provide lubrication, for
example to prevent adhesion of thermoplastic synthetic fibers to the spinneret during fiber
production, or as needle lubricants to prevent overheating during sewing and again the polymers
used are often polydimethylsiloxanes, which may contain low levels of cyclic siloxanes such as
D4.

4.1.3 Commercial/Consumer Use

Si-based substances have numerous and diverse applications within household care products
(e.g. washing and cleaning products, solid and spray-type polishes, wax blends, automotive
aesthetics, paints and coatings, etc.). In addition, cleaning and polishing products used in a
commercial, industrial or professional setting may also contain Si-based substances. The
majority of Si-based substances used in these applications are silicone polymers or silicone
resins. D4 is commonly present at >0.1% w/w in dimethylsiloxane polymers and copolymers
and in the range 1-3% where these are made by emulsion polymerisation. Similarly, D4 may be
present at >0.1% (but <1%) in decamethylcyclopentasiloxane which finds a variety of uses in
household care products such as a solvent or carrier for other higher molecular weight silicone
polymers or even as an environmentally friendly dry-cleaning solvent (Brooke et al. 2009;
SEHSC 2008a).
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D4 as such may also be used in some products, containing between 0.1 to >50% by weight,
although the majority are in the range 1-5%.Again, these products are mostly preparations made
by blending a set of ingredients in a particular order with particular levels of shear and
temperature (the conditions are themselves often a trade secret), most usually in a batch process
which could vary in unit capacity from a few hundred kilograms to several tons.

4.1.4 Uses Not Relevant for Risk Evaluation

The following conditions of use are not relevant for the risk evaluation for the reasons stated,

and are further described below:

e Personal care products, food contact materials, and OTC medication — these
uses do not fall under the scope of TSCA, which excludes any food, food
additive, drug, cosmetic or device. Other regulations in the U.S. govern the
use of chemicals in personal care products, in food contact materials (such as
nipples for baby bottles containing infant formula), or in OTC medication.
The Federal Food, Drug, and Cosmetic Act (FFDCA) regulates foods, drugs,
medical devices, and cosmetics.

e Laboratory use — low volume use for which exposures to humans and the
environment are managed through the use of personal protective equipment,

institutional controls, and hazardous waste disposal requirements.

41.4.1 Personal Care Products, Food Contact Materials, and OTC Medication

In the category of personal care products, many of these products are silicone polymers (or
emulsion polymers) which can contain low levels of D4 as an impurity: >0.1% wi/w is probable
and as much as 1-2% is not atypical, especially for emulsion polymers. Certain foods may
contain D4 remaining after indirect food additives use such as the use of silicone-based
antifoams in food processing. In addition, several OTC medications (vapor rub, anti-gas) may
contain D4. These uses are regulated by the U.S. Food and Drug Administration (FDA) and do
not fall under the purview of TSCA. However, scenarios for the human health exposure

assessment have conservatively included them, as further explained in Section 5.1.
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4142 Use as alaboratory Chemical

D4 is used as a reagent in both industrial and academic laboratories. In most instances, it is used
as an intermediate in the synthesis of other Si-based chemicals or as a solvent / dispersant and so

will fall broadly under the uses described above.

In any event, these uses are generally of low volume. Personnel handling D4 should be
professionals (or students supervised by such professionals) with appropriate laboratory
chemical hygiene and management training and familiarity with the handling of hazardous
reagents, and with access to relevant risk management measures, such as fume hoods, which are
sufficient to ensure adequate protection for workers in respect of any properties which are
hazardous to humans or the environment. In addition, although the nature of individual uses will
vary, it can be assumed that any waste or unused D4 is treated as hazardous waste and disposed

of accordingly.

Laboratory use of D4 is not included in the D4 risk evaluation.

4.1.5 Emissions and Disposal

During manufacturing of D4, volatile organosilanes and hydrochloric acid are emitted as gases
to some extent during the reactions, separations, storage, and loading operations. Those gases
are collected by local exhaust ventilation systems and transported to abatement systems,
including incineration and scrubbers, from which air emissions are vented to the atmosphere.
Fugitive emissions may be produced throughout the facility, including in valves, pumps, drains,
and the on-site wastewater treatment plant (WWTP), if present. The water produced in the
reaction vessels and in the scrubbers is typically discharged to a wastewater storage tank, from
which it may go to either an on-site treatment or a municipal WWTP. In either case, the treated

water is discharged to a surface water body.

The sludge produced in an on-site WWTP and solid waste produced during the reaction and
separation steps are disposed of at on-site landfills or shipped to off-site management systems.
Depending on the type of solid waste, these management systems may include incinerators,
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energy recovery systems or other beneficial use, or landfills. None of the biological sludge or

other solid wastes is disposed of as fertilizer or via land application.

During formulating, local exhaust ventilation systems collect any gases produced and transport
them to pollution control equipment (scrubbers, condensers, energy recovery systems), with a
minimal portion of the incoming gases being released to the air as point sources. Fugitive air
emissions may be produced throughout the facilities, in equipment such as storage tanks or
containers, valves, and pumps. Wastewater is generally only produced during mixing and is
either treated at an on-site facility (at D4 manufacturing or processing wastewater treatment
systems) or discharged via sewer to a municipal WWTP. Solid waste is produced in both the
mixing and packaging steps; this waste is sent off site for disposal, which may include thermal

processes or landfilling.

All steps in processing (storage, reaction, and purification) are generally carried out in closed
systems with local exhaust ventilation that collects and transports gases produced during the
different processing steps to a recovery system to maximize the use of D4 raw materials. The
waste gases produced in the recovery equipment are typically routed to abatement systems,
including scrubbers, condensers, and energy recovery systems. Fugitive air emissions can be
produced from on-site equipment such as valves, pumps, drains, or from an on-site wastewater

treatment system, if present.

All processing steps may also produce wastewater, which is typically routed to a storage area
from where it is discharged into an on-site WWTP, an off-site municipal WWTP, or pretreated
in an on-site WWTP and then discharged to an off-site municipal WWTP. The solid waste
produced during the reaction, recovery, and air emission abatement systems is shipped to an off-

site waste management facility.

Table 4-4 summarizes the types of emissions for each type of facility.
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Table 4-4. Types of emissions for each type of facility

Type of Type of Emission
Facility To Air To Water To Land
Alr Eé“:;“zns thrtoggtt‘ Vents On-site or Off-site WWTP
Manufacturers anc syoatement sysiems Effluent Solid Waste to Fuel
(Point Source Emissions)
- Recovery
-, . - Storm Water Discharge to
Fugitive Air Emissions
Surface Waters
Air Emissions from Pollution
Formulators Control Equipment (Point Wastewater to municipal Waste from Operations
Source Emissions) WWTP or for Off- site
L. . . Treatment Activated Carbon Waste
Fugitive Air Emissions
for Fuel Recovery
Processors Point Source Air Emissions Ind}lstrlal Waste Water Solid Waste Disposal to
: Discharge to .
with no On- .. Off-site Waste
. municipal WWTP
site WWTP ; Management
-, . - Storm Water Discharge to
Fugitive Air Emissions
Surface Waters
Processors Point Source Air Emissions Trea.ated Industrial Waste Water Solid Waste Disposal to
; X Discharge to Surface Waters .
with On-site St Water Disch n Off-site Waste
WWTP Fugitive Air Emissions orm Yvater Lischarge to Management
Surface Waters
Processors with Point Source Air Emissions Treated I ndustrial Waste. Water Solid Waste Disposal to
On- and Off- Discharge to Off-site Off-site Waste
site WWTP municipal WWTP
- Management
- . - Storm Water Discharge to
Fugitive Air Emissions
Surface Waters

4.2

In this section, conceptual model diagrams are presented to reflect sources, release mechanisms,

migration pathways, exposure routes, and potential receptors for D4 exposure in the workplace

Conceptual Models

and through environmental releases. The diagrams summarize the following:

e Multimedia release pathways (primary and secondary, as applicable);

e Potential exposure routes specific to each medium (air, soil, surface water,

sediment, groundwater, food items, occupational / consumer materials); and

e Receptors specific to each medium, including both human and ecological

receptors where relevant.

Based on fate and transport properties of D4, only those pathways identified as complete, i.e.,

those pathways that lead to a reasonable expectation of potential exposure to human or

ecological receptors, are shown on the diagrams.
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4.2.1 Human Receptors

Several groups of human receptors are potentially exposed to D4: workers, consumers, and the
general population. Worker exposure is addressed separately from exposures to consumers and

the general population.

42.1.1 Workers

The Conceptual Model for workers engaged in manufacturing, formulation or processing is
shown in Figure 4-2. The manufacture of D4 is in a closed system. Dermal exposure is
mitigated through the required use of impervious gloves, uniforms, and safety glasses.
Inhalation exposure is minimal due to the closed system and the use of general ventilation. Any
potential exposures above the 8-hour time weighted average (TWA) of 10 ppm (Occupational

Alliance for Risk Science (OARS) 2017) are mitigated by the use of air purifying respirators.

Worker monitoring (personal sampling) data are available for workers involved in the
manufacture and processing of D4. Monitors were worn by workers during work shifts and

concentrations were captured for potential air exposures.

In summary, the primary exposure pathway for workers engaged in D4-related manufacturing,
processing, or formulation is inhalation. In addition, inhalation exposures by office workers, and
inhalation / dermal exposures by barbers and beauticians during the application of personal care
products are considered. As further discussed in Section 5.1.1, while exposures to office
workers and barbers / beauticians are not relevant under TSCA, these exposures are included to

provide a conservative occupational assessment.

1701939.001 - 3625
65



Figure 4-2. D4 Occupational Risk Conceptual Model for Workers Engaged in Manufacturing, Formulation, and Processing
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42.1.2 Consumers and General Population

Figure 4-3 presents the Conceptual Model for human receptors other than workers, i.e.,
consumers and the general population. Manufacturing, processing and formulating (MPF) of D4
has the potential to release D4 into the environment and the general population may be

potentially exposed through air, surface water, sediment and soil, either directly or indirectly.

In addition, D4 processed into polymer or formulated into products which have the potential to
result in exposure of consumers. Consumers are defined as people using products that contain
D4 outside of the workplace setting. The applicable uses are those in household care products,
textile applications, and to a lesser extent, electronics applications. Consumers of these types of

products could have the potential for exposure to D4.

Potentially exposed or susceptible subpopulations include pregnant and lactating females and
children, as well as subsistence fishermen. Pregnant and lactating females can be exposed via
consumer products and general population exposures and nursing infants are potentially exposed
to D4 via breastmilk. Potential exposures for children also include contact with infants’ and

childrens’ products (not shown in Figure 4-3).

Section 4.2.1.2.7 summarizes which exposure pathways are considered as part of the Section 5

Exposure Assessment.

1701939.001 - 3625 67



Figure 4-3. D4 Human Risk Conceptual Model
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The evaluation of the pathways is described below.

4.2.1.2.1 Air

At MPF facilities, air emissions of D4 may result from air treatment equipment and fugitive
emission sources, potentially exposing the general population through ambient air. In addition,
volatilization of D4 to ambient air could occur from disposal of MPF facility wastes or
consumer products in landfills. These air emissions are airborne vapors that are dispersed in the
atmosphere and transported by the wind. During transport, rainfall will not result in deposition
of D4 because of the low water solubility, high air/water partition coefficient (thus no wet
deposition), and relatively low n-octanol-air partition coefficient (thus insignificant dry
deposition) of D4 (Xu 2010). Therefore, the deposition pathway to plants, surface soil, and

surface water is an incomplete pathway.

Once emitted to air or volatilized from other media, D4 remains in the air until photo-oxidized.
D4 may be inhaled by the general population receptors either at the point of volatilization or
downwind of the emission source. This is considered a complete pathway. Consumers that use
products containing D4 may be exposed through potential volatilization of D4 in liquids or

aerosolization of D4 in products that are sprayed.

4.2.1.2.2 Surface Soil

Sources of emissions to surface soil include land application of sludge resulting from
wastewater treatment. During biosolids land application on surface soils, runoff may potentially
transport D4 to surface water, but this pathway is considered minor because of the low solubility
and high organic carbon-water partition coefficient of D4. From surface soils, D4 is unlikely to
infiltrate into the ground water, but may be eroded by wind or volatilized and transported to air.
Infiltration and migration into ground water and from ground water to surface water are
minimized by the high adsorption to organic carbon and low solubility of D4, which would limit
migration from soil to ground water. As a result, the pathways related to ground water are
considered incomplete (not shown).
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The exposure of the general population to air as a result of volatilization from surface soil is
considered complete, given the elevated Henry’s Law Constant for D4. Pathways via direct
exposure to surface soil via ingestion or direct contact are considered minor, because of the
rapid degradation of D4 in soil under dry conditions and rapid volatilization under wet
conditions. The potential for uptake from soil by food items (e.g., crops) is considered as a
potential exposure pathway for the general population, although this also is a minor pathway

due to the lack of biomagnification of D4 in the food chain.

4.2.1.2.3 Surface Water

Sources of emissions to surface water are on-site wastewater treatment plants, municipal
wastewater treatment plants, or stormwater runoff from process equipment. Consumer uses can
also result in “down the drain” discharges going to WWTPs. Because of the low water solubility
of D4 and rapid volatilization and adsorption to sediments, uptake from, or direct contact with
surface water by humans are considered incomplete pathways. However, ingestion of drinking
water, for which surface water serves as a surrogate, is considered a potential exposure pathway
for the general population. In addition, surface water (directly or via transport to sediment) can
serve as a pathway for ingestion and contact exposure by fish, which can then be ingested by
humans. Due to the low water solubility and high volatility of D4, these ingestion pathways for
humans (water and fish ingestion) are considered minor pathways. Volatilization to air from
surface water and subsequent exposure of human receptors is considered a complete pathway.

4.2.1.2.4 Sediments

Because D4 is relatively persistent in sediments in standard laboratory studies, uptake of D4
through contact with D4 in sediments is considered a direct pathway for aquatic plants, benthic
invertebrates, and fish. In addition, fish may be exposed to D4 via ingestion of benthic food,
Exposure for these receptors is addressed in Section 5-2. Exposure of human receptors to D4 in
sediments via the food chain (i.e., by ingesting fish) is considered a minor pathway due to the

lack of biomagnification of D4.
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4.2.1.2.5 Landfills to Air and Ground Water

Solid wastes may be disposed of in landfills, where D4 may volatilize into the air. These solids
wastes include those generated from manufacturing operations, activated carbon sent to off-site
waste management facilities, and wastes from sludge treatment. This is a complete pathway for
exposure of the general population to ambient air. As previously indicated, infiltration of D4
into the ground water is unlikely because of the high soil-water partition coefficient and low

solubility, and is considered to be an incomplete pathway (not shown).

4.2.1.2.6 Use of Consumer Products

When using consumer products containing D4, exposure via inhalation is possible from
volatilization of D4 directly from liquids or other dermally-applied products or from
aerosolization of a sprayed product that contains D4. For potentially exposed or susceptible
subpopulations (e.g., infants and very young children), potential exposure through mouthing of

children’s products is also considered to be a minor pathway (not shown).

4.2.1.2.7 Summary of Exposures for the General Population and Consumers

For the general population, exposure to D4 through the environment is considered for the

following pathways:

e Inhalation exposure resulting from dispersion in ambient and indoor air

e Ingestion exposure via consumption of food items grown on soil containing D4

e Ingestion exposure via drinking water (surface water serves as surrogate)

e Ingestion of surface soil

e Ingestion exposure via consumption of fish exposed to surface water or sediment
containing D4

e Susceptible subpopulation exposure through subsistence fishing

e Susceptible subpopulation exposure through ingestion of breastmilk

For consumers, exposure to D4 through use of consumer products is considered for the
following pathways:
e Inhalation exposure resulting from potential volatilization and aerosolization
following product use

e Dermal exposure from direct contact with products
e Susceptible subpopulation exposure through mouthing of children’s products

1701939.001 - 3625
71



The Exposure Assessment evaluates all the above exposure pathways, with Section

5.1.4.4 identifying which ones are carried through into the Risk Characterization.

4.2.2 Ecological Receptors

The Conceptual Model for ecological receptors is shown in Figure 4-4. Releases of D4 to air are
not expected to result in an important pathway for ecological receptors because these species
live outdoors where volatile substance such as D4 dissipate rapidly, thus the concentrations
available to be inhaled are insignificant. Subsequent deposition of D4 to surface waters and soils
is negligible based on the environmental fate profile of D4; this is because D4 has low water
solubility, high air-water partitioning, and a relatively low n-octanol-air partition coefficient.
Potential exposures from land applications of biosolids are expected to be low due to the high

binding coefficient of D4 to soil carbon and its inherent volatility.

The major pathway for potential exposure of ecological receptors is via discharge of aqueous
effluent, either from on-site wastewater treatment at MPF facilities or from municipal treatment
plants. Relevant exposures for ecological receptors include direct contact and uptake of D4 for
aquatic receptors in the water column and/or in sediment, and indirect exposures through the
food chain. Exposures of terrestrial organisms are not considered, as these would be expected to
be much less than aquatic exposures given how D4 is produced and used, and its environmental
fate properties, as described above. Section 5.2 provides further discussion regarding ecological

exposures and receptors.
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Figure 4-4.
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4.3 Analysis Plan

The Conceptual Models presented in Section 4.2 illustrate the potential exposures of humans
and the environment to D4. The media for potential worker exposure are air, contact with D4
during manufacturing/processing/formulation, and dermal contact with materials containing D4.
The media for potential exposure of consumer and general population human receptors includes
air, drinking water, soil, food grown in soil containing D4, fish tissue, breastmilk, and products
containing D4. The media for potential exposure for ecological receptors includes ambient
surface water and sediment, and subsequent food chain exposures. The sources of information

for each of these media and the approach for use of the information are discussed below.

As clarification, the consumer and general population exposure assessments for this Risk
Evaluation rely primarily on that of Gentry et al. (2017) which in turn was based on that
conducted by SEHSC (2008b; also referred to as the Canadian Assessment). Updates to SEHSC
(2008b) were made as part of this Risk Evaluation, using more recent information where
available. The updated SEHSC (2008b) assessment is referred to as the Updated Assessment.
The results from both the Canadian Assessment and the Updated Assessment are included in
this Risk Evaluation to demonstrate that the inclusion of new information would not change the
results of the Canadian Assessment, nor the Gentry et al 2017 evaluation. The ecological

assessment was performed specifically for the D4 Risk Evaluation.

43.1 Air

Both indoor and outdoor air concentration values were used to estimate inhalation exposure in
this assessment. Contribution from volatilized D4 related to use of dermally applied soothing
vapor rub was assessed in SEHSC (2008b) (and Gentry et al. 2017) but excluded from the
Updated Assessment because it was considered a personal care product. Indoor air
concentration values were based on a survey of D4 in indoor air from homes in Northern Italy.
SEHSC (2008b) outdoor air concentration values were taken from surveys of D4 concentrations
in Nordic environments. In the Updated Assessment, values from U.S.-based indoor and

outdoor surveys were used.
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4.3.2 Drinking Water

Humans may be exposed to D4 in drinking water. In the absence of data on D4 concentrations
in drinking water, concentrations in surface water can be used. Concentrations in surface water
are expected to provide conservative estimates, because additional removal of D4 could
potentially occur during the drinking water treatment process. For the Canadian Assessment,
average measured values from Kaj et al. 2005 were used. For the Updated Assessment, the
monitoring program conducted under the Enforceable Consent Agreement (ECA; U.S. EPA
2014; SEHSC 2016a) provides data on D4 concentrations measured in ambient surface water
downstream of MPF sites where there was on-site treatment (“OT sites”), downstream of
WWTPs receiving industrial waste from MPF facilities, and downstream of WWTPs receiving
primarily domestic waste. Although these data were used to evaluate exposure to ecological
receptors, they can provide a conservative estimate of exposure concentrations in drinking water
for human receptors. This is because the samples were collected from the mixing zone where
discharges of permitted substances are allowed, and thus would likely be higher in concentration
than samples collected from actual drinking water intake areas. Also, drinking water treatment
processes can remove substances prior to entry into the distribution system. The methods for
collection and analysis of samples under the ECA program are discussed in Nusz et al. 2018.
Four OT sites were monitored when effluent flow rates were representative of normal plant
operations. Five WWTP sites were monitored that were receiving indirect®® discharge from D4
processors and/or formulators (i.e., D4 reasonably expected in the influent and referred to
hereafter as “industrial sites™), as documented through industrial user surveys and other
information sources. Five other municipal WWTP sites selected for monitoring were
representative of locations that receive less than 15% of wastewater from industrial sources and
no wastewater from D4 manufacturing or processing (including product formulation) sites,
referred to hereafter as “residential sites.” Additionally, for both the residential and industrial
dischargers, sites were selected with large discharge rates relative to the receiving body flow
rate (low dilution). These sites had activated sludge treatment with secondary clarification
and/or disinfection; however, additional forms of treatment were not allowed. A widespread,

10 Indirect meaning discharge from manufacturer/processor/formulator facilities that do not have on-site treatment. Direct
dischargers have onsite wastewater treatment plants and discharge pursuant to their own permits in lieu of sending effluent to
a municipal WWTP
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geographic representation was also a selection criterion for the sites. The industrial and
residential sites were assumed to be representative of the 15,000 to 20,000 municipal WWTPs

in the continental United States.

The ECA environmental samples were collected twice at each of the 14 sites, at least three
months apart (all events occurred between April 21, 2016, and December 15, 2016) during low-
flow months of the receiving waters. Samples were taken during typical weather conditions and
at least three days after a high flow weather event such as a heavy rainstorm. Surface water (as
well as sediment and biota) were collected during both sampling events at all sites. Samples
were collected as close as reasonably possible to the effluent outfall, within the mixing zone.
Collection of the surface water followed standard EPA collection methods and included the
collection of seven grab samples per event at each location. Of these seven grab samples, three
samples were investigative samples from each event and location; other samples were collected
and analyzed for quality assurance (QA) purposes. All laboratory analyses were conducted by
ALS Environmental laboratory (Kelso, Washington) according to TSCA GLP Standards (40
CFR 792) and the laboratory's standard operating procedures (SOPSs). Further details can be
found in Section 5.2.

433 Food

Uptake of D4 by crops grown in soil which are then consumed by humans provides a potential
route of exposure. The SEHSC assessment (SEHSC 2008b) relied on the predicted
concentrations of D4 in food from agricultural uptake presented in the environmental risk
assessment from Brooke et al. (2009). These food types included: fish, meat (assumed to include
poultry), plant leaves, root crops, and milk. The SEHSC assessment also provided a discussion
on the expected contribution of residual silicone antifoams used in food processing to ingestion
exposure. However, there was limited information regarding actual concentrations. Although
food processing antifoam products are also considered in the Updated Assessment, they are
considered to be under the purview of FDA and technically, should be excluded. However, as
discussed in Section 5.1, a number of non TSCA-relevant sources of exposure were
conservatively included in this Risk Evaluation.
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4.3.4  Soil

Incidental ingestion of soil containing D4 by children and adults can result in potential
exposure, although this pathway is considered minor. The distribution of concentrations of D4
found in soil was taken from various reports (discussed in the SEHSC assessment) and, for
comparative purposes, environmental data from recent studies (Wang et al. 2013b) were used in

the Updated Assessment.

435 Fish Tissue

Consumption of fish containing D4 is a potential exposure pathway for the general population.
In the Canadian Assessment, a most likely value of 0.034 mgkg in food was used. For the
Updated Assessment, data were based on fish sampled during the ECA monitoring program at
the same times and locations as described in Section 4.3.2. Six investigative samples were
collected (three samples, two from each species, if practicable, from different trophic guilds),
along with QA samples. Techniques included common seine nets, backpack or boat-mounted
electroshocking, gill nets, fyke or hoop nets, and/or rod and reel angling, following methods
provided by EPA (U.S. EPA 2003a, 2011a), Powell and Woodburn (2009), and (Zale et al.
2012). Fish were measured (total length) and weighed (wet weight), and a subset at each site
was composited for laboratory analysis of D4 to reach a minimum mass of 50 g. Data on
concentrations in fish tissue were used to assess exposure of the general population to D4
through this pathway. A lognormal distribution from these data provided a value of 0.0596
mg/kg, on the same order of magnitude as the most likely value used in the Canadian
Assessment. These data were also used in the ecological risk characterization by comparison to
the threshold for the CTLBB.

4.3.6 Breast Milk

Although this is a minor route of exposure, maternal exposure via general population exposures
or consumer products can potentially result in exposure to lactating infants. D4 was only
detected in a few samples of breast milk from the study (Hanssen et al. 2013; Kaj et al. 2005)
referenced by SEHSC (2008b). It was also noted that the methodology used may have
“compromised the integrity of the study samples in which D4 was detected.” SEHSC
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commented in the submission to Health Canada that “As a result, the validity of the results has

been called into question.” No new data were found for the Updated Assessment.

4.3.7 Products Containing D4

Consumers could be exposed through dermal contact to products containing silicones that may
contain residual D4. The particular susceptible subpopulation of concern for products containing
D4 are infants and young children who could be exposed through mouthing of children’s
products. Data for these products were obtained from experimental studies that evaluated the
concentration of D4 in various silicone-based products. While product data for dermal contact

were not changed in the Updated Assessment, new data relevant to mouthing were used.

43.8 Surface Water

Aguatic ecological receptors can potentially be exposed to D4 in surface water. For the
environmental risk characterization conducted as part of the D4 Risk Evaluation, data are
available on surface water concentrations from the ECA monitoring program, as discussed in

Section 4.3.2. These data were used to estimate exposures to aquatic ecological receptors.

4.3.9 Sediment

Aquatic ecological receptors can also be potentially exposed to D4 in sediment. Concurrent with
the sampling of surface water in the ECA monitoring program (discussed in Section 4.3.2),
sediment samples were collected at points near the surface water collection sites, except at sites
devoid of fine-grained sediment where collections were made as close to the water sampling
locations as possible, and still within the mixing zone. Three investigative samples were
collected per sampling event, at each location, along with QA samples. As with the surface
water samples, laboratory analyses were conducted by ALS Environmental laboratory (Kelso,
Washington) according to TSCA GLP Standards (40 CFR 792) and the laboratory's SOPs. Data
from this sampling program were used to estimate concentrations of D4 in sediment to which

benthic organisms might be exposed.
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4.3.10 Benthic Invertebrates

As part of the ECA monitoring program, benthic invertebrates were collected at the same sites
and locations as the sediment samples. Three investigative samples per event, at each location,
along with QA samples, were collected using Ponar dredging and D-frame kick netting or debris
picking and sediment vacuum pumps according to techniques provided by Powell and
Woodburn (2009) and EPA (U.S. EPA 2003b). When necessary to obtain sufficient biomass,
collection of benthic organisms continued at alternate locations within the depositional zone
(but not beyond 200 m from the effluent outfall) until sufficient mass was obtained. Taxa were
counted and identified to the lowest practicable taxon prior to chemical analysis. The results of
the taxonomic analyses are used in an assessment of benthic community metrics in the

ecological risk characterization (Section 7.2).

4.3.11 Worker Exposure Data

Workers are potentially exposed via inhalation and dermal routes of entry during D4-related
manufacturing, formulation, and processing. Worker inhalation monitoring (personal sampling)
is available for manufacturing and processing operations (SEHSC 2019) and data from personal
sampling were used in assessment of risk to workers. Additional data on worker inhalation
exposures during manufacturing is available from Gentry et al. 2017. For potential exposures by
office workers (inhalation) and barbers / beauticians (inhalation and dermal), information was
obtained from Gentry et al. 2017.
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) Exposure Assessment

5.1 Human Health Exposure Assessment

This section presents the approach for a human health (worker, consumer, and general
population) exposure assessment of D4. The approach used in the exposure assessment
incorporates the expected requirements in the Final Rule (Procedures for Chemical Risk
Evaluation under the Amended Toxic Substances Control Act 82 Fed. Reg. 33726; U.S. EPA
2017b). The exposures are based on the conceptual models of D4 worker, consumer, and
general population exposure pathways as discussed in Section 4.2.1. Key sources of information

used for the human health exposure assessment are presented in this section.

The goal of the human health exposure assessment is to assess and quantify potential exposure
to workers, consumers, and the general population, including potentially exposed or susceptible
subpopulations such as infants, children and women of childbearing age, as well as subsistence

fisherman populations.

The worker exposure assessment is based on personal worker exposure monitoring conducted
by SEHSC member companies during manufacturing and processing activities (SEHSC 2019).
Additional information on worker exposure is also provided in Gentry et al. (2017), which
includes TSCA relevant exposure (D4 manufacturing) and TSCA non-relevant exposure
(formulation of personal care products and worker exposures for barbers and beauticians and
office workers). The TSCA definition of “chemical substance” excludes any food, food additive,
drug, cosmetic or device as defined under the Federal Food, Drug, and Cosmetic Act when
manufactured, processed, or distributed in commerce for use as such. 15 U.S.C. 2602(2).
Therefore, the manufacture, process, distribution and use of a chemical in those applications is
not regulated under TSCA. For example, with respect to personal care products, the FDA would
typically have jurisdiction, whereas worker exposure to these personal care products during their
formulation is regulated by the Occupational Safety and Health Administration (OSHA).
However, exposures based on the formulation of skin care products was used as a conservative

and sentinel estimate for all worker exposure. This worker exposure assessment also includes
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the conversion of the worker exposures from Gentry et al. (2017), including both TSCA relevant
and TSCA non-relevant exposures, to human internal dose levels by physiologically based
pharmacokinetic (PBPK) modeling. Conversion of exposures to human internal dose levels was
necessary to permit direct comparison in the same units of the exposures to the derived Point of
Departure (POD) for risk characterization, which was also derived by PBPK modeling. Because
human internal dose levels include all TSCA-relevant and TSCA non-relevant exposures, this

approach provides a conservative estimate of worker exposure.

The consumer and general population exposure assessments conducted by Gentry et al. (2017)
are presented. Monte Carlo analysis was used to determine exposures for these groups. Gentry
et al. (2017) used the same data from consumer and general population human health exposure
assessments conducted by SEHSC (2008b) for Health Canada (discussed below), which
includes TSCA-relevant as well as TSCA non-relevant exposures. As above with worker
exposure, the results of consumer and general population exposures, including both TSCA
relevant and TSCA non-relevant exposures, were converted to human internal dose levels by
PBPK modeling. Conversion of exposures to human internal dose levels was necessary to
permit direct comparison in the same units of the exposures to the derived POD for risk
characterization, which was also derived by PBPK modeling. Because human internal dose
levels include all TSCA-relevant and TSCA non-relevant exposures, this approach provides a

conservative estimate of consumer and general population exposures.

This section also reviews the combined consumer and general population human health
exposure assessments conducted by SEHSC (2008b) for Health Canada, the Canadian
Assessment. The Canadian Assessment includes TSCA-relevant exposures as well as non-
TSCA relevant exposure (personal care products, cosmetics, food contact materials and OTC
medications) that are regulated by FDA and are therefore exempt from TSCA. Gentry et al.
(2017) also uses the same data from the Canadian Assessment and therefore also includes both
TSCA-relevant and non-relevant exposure assessments. For transparency, the exposure
evaluation here presents results from the Canadian Assessment as well as an updated TSCA-

relevant exposure assessment. The updated TSCA-relevant exposure assessment excludes non-
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TSCA relevant exposures (except as noted) and includes any information newly available in

publicly available literature and references (post-2008).

5.1.1 Worker Exposure Assessment

The Conceptual Model for exposure of workers is shown in Section 4.2.2.1 and includes worker
exposure (inhalation and dermal) during the manufacture of D4, processing of D4, and the
formulation of products containing D4, as well as non-TSCA related exposures by office

workers (inhalation) and barbers / beauticians (inhalation and dermal).

5.1.1.1 Applicable Routes of Exposure

5.1.1.1.1 Oral Exposures

Oral exposures are not relevant to workers (Gentry et al. 2017).

5.1.1.1.2 Dermal Exposures

Gentry et al. (2017) prioritized worker exposures that would present the greatest potential for
intake. Based on the human internal dose levels obtained through PBPK modeling, which
include a dermal absorption value of 0.5%, Gentry et al. (2017) concluded that dermal exposure
was not significant for TSCA-relevant worker exposures (manufacturing, formulation, and
processing of TSCA-relevant and non-relevant products). This determination for the exclusion
of dermal pathways for TSCA relevant exposure is supported by the low dermal absorption
potential of D4 and by the manufacturing and processing of D4 in closed systems. Furthermore,
for any potential dermal contact, worker exposures are mitigated through the required use of
impervious gloves, uniforms (e.g., long pants/long sleeve shirt/closed toe shoes), and safety
glasses.

However, Gentry et al. (2017) concluded that barbers and beauticians had the potential for
dermal intake through the application of haircare products containing D4. Although personal
care products are regulated by the FDA, worker exposure is regulated by OSHA, and dermal
exposures by barbers and beauticians is not relevant under TSCA, this pathway is included to

provide a conservative worker assessment.
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5.1.1.1.3 Inhalation Exposure

Gentry et al. (2017) determined that inhalation was the only applicable route of exposure for
TSCA-relevant workers; i.e. workers involved in the manufacture of D4 based on the
information provided by Maxim (1998). Non-TSCA relevant inhalation exposures identified by
Gentry et al. (2017) include formulation of personal care products, barber and beautician
exposures, and office worker exposure. Formulation of personal care products was used as a

conservative estimate for TSCA-relevant formulation of products (e.g., household care).

It is important to note, that in addition to general ventilation and engineering controls used to
reduce airborne TSCA-relevant exposures to D4, any potential worker exposures that are
expected to be at or above the workplace environmental exposure level (WEEL®) value, 8-hour
TWA of 10 ppm (121,320 pg/m3, OARS WEEL 2017), are mitigated by the required use of air
purifying respirators. Because D4 is an existing chemical under TSCA, with existing global
hazard classification and risk evaluations, the use of respirators is required and is in place
globally for exposures above the TWA.

5.1.1.2 Manufacturer and Processor Worker Exposure

The manufacture and processing of D4 are conducted in closed systems. Worker monitoring
(personal air sampling) for all potential manufacturing and processing exposures has been
conducted by SEHSC members (SEHSC 2019). The results of worker monitoring are

summarized below as the maximum concentration in air reported for each category:

- chemical operators: all samples results < 1 ppm, except as noted:

o0 1.2 ppm [D4 loading to vessel] 480 minutes per day, every week, for 50 weeks

0 1.4 ppm [process sample collection] duration of exposure for sampling is up to
30 minutes per day (15 minutes per day up to twice per day)

o0 12 ppm [process filter change (workers use full air purifying respirators for this
activity)] estimated duration of exposure 15-30 minutes, estimated to occur a
maximum of once a week for 50 weeks

- lab technicians: not detectable (0.04 ppm)
- logistics operator: all sample results < 1 ppm

As stated above, any potential exposures at or above 10 ppm (WEEL® value, e.g., during
process filter changes) are mitigated using impervious gloves, uniform (e.g., long pants/long

sleeve shirt/closed toe shoes), safety glasses, and full air-purifying respirators. Because D4 is an
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existing chemical under TSCA, with existing global hazard classification and risk evaluations,
the use of respirators is required and is in place globally for exposures above the TWA. The
worker exposure value was therefore based on potential worker exposures that do not require

the mandatory use of a full-air purifying respirator.

The results of air monitoring performed by SEHSC member companies are not included in this
analysis as the focus is individual worker exposure to D4. Gentry et al. (2017) states that the
average D4 air concentration measure in the workplace for workers involved in the manufacture
of D4 is 0.1908 ppm (2310 pg/m?) (Maxim 1998).

Based on the information provided by SEHSC (2019) for personal exposure monitoring for
manufacturing and processing activities, the worker exposure (manufacturing and processing)
from D4 loading to vessel [1.2 ppm (14,558 pg/m?)] will be used as a surrogate for all
manufacturing and processing worker activities since it reflects the longest potential duration of
exposure (480 minutes per day) without required personal protective equipment (PPE) (full-air
purifying respirator). This value, based on personal exposure monitoring, is higher than that
provided in Gentry et al. (2017) of 0.1908 ppm (based on average air concentrations in the
workplace). The SEHSC (2019) air sampling results and those summarized in Gentry et al.
(2017) are presented in Table 5-1. Table 5-2 presents the worker inhalation exposure parameters
from Gentry et al. (2017).

Based on the information provided by SEHSC from personal exposure monitoring for
manufacturing and processing activities (SEHSC 2019), the exposure for process sample
collection is 1.4 ppm, but the duration of exposure for sampling only ranges up to 30
minutes/day (15 minutes/day up to twice per day) compared to up to 480 minutes a day for

loading to vessel.

There is an additional short-term exposure to higher levels of D4 (up to 12 ppm) during the
process of filter changes. Filter changes are estimated to require 15-30 minutes of exposure, and

to occur a maximum of once a week for 50 weeks per year.
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Based on the above information, the worker exposure (manufacturing and processing) from D4
loading to vessel of 1.2 ppm (14,558 pug/m3) is identified as a surrogate for all manufacturing
and processing worker activities. However, since internal dose estimates for workers are not
available in Gentry et al. 2017 for workers engaged in D4 loading to vessel, the higher and more
conservative exposure of 2.44 ppm for workers involved in the formulation of skin care
products is used to provide a conservative risk estimate for manufacturing/processing workers.
For skin care formulators, the internal dose levels based on PBPK modeling are: 1.44 x 107!
mg-hr/L blood/day in men and 7.88 x 102 mg-hr/L blood/day in women (Table 5-3).

5.1.1.3 Formulation Worker Exposure

Under TSCA, formulation of industrial and consumer products containing D4 is relevant to this
exposure assessment. SEHSC (2019) did not include personal exposure monitoring via
formulation of industrial and consumer products. As stated above, Gentry et al. (2017)
determined that inhalation was the only applicable route of exposure for workers involved in the

formulation of D4 products (TSCA relevant and TSCA non-relevant).

The inhalation exposure information presented in Gentry et al. (2017) for the formulation of
personal care products, based on the information reported by Maxim (1998), is used as a
conservative estimate for all TSCA-relevant worker exposures. The most conservative
inhalation exposure estimate for formulation is 2.44 ppm (29,600 pug/mq), based on workers
involved in the formulation of skin care products. Formulation inhalation exposures are
presented in Table 5-2. The maximum internal dose levels based on PBPK modeling are for skin
care product formulators: 1.44 x 10~! mg-hr/L blood/day in men and 7.88 x 102 mg-hr/L
blood/day in women (Table 5-3).

5.1.1.4 Additional TSCA Non-Relevant Worker Exposure

Gentry et al. (2017) provides dermal exposure values for barbers and beauticians. These authors
determined a conservative (maximal) estimate of exposure based on 12-15 exposures during a
given work day to a single product that would provide the largest exposure to D4. The maximal
dermal exposure to barbers and beauticians is 14.1 mg of D4 exposure per application. The

internal dose levels based on dermal exposure and PBPK modeling were 8.98 x 10 mg-hr/L
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blood/day for men and 2.16 x 10~ mg-hr/L blood/day for women after 5 days of work and 1.14
x 107 mg-hr/L blood/day for men and 2.73 x 10~ mg-hr/L blood/day for women after 4 days of
work (Table 5-3).

Inhalation exposure for formulation of TSCA non-relevant products was discussed in the
previous section. Gentry et al. (2017) provided inhalation exposures for barbers and beauticians
(0.085 ppm or 1000 pg/m?) (Table 5-2). The internal dose levels based on PBPK models to
barbers and beauticians were 3.63 x 1073 mg-hr/L blood/day in men and 2.03 x 103 mg-hr/L
blood/day in women after 5 days of work and 3.60 x 10~ mg-hr/L blood/day in men and 2.01 x
10~° mg-hr/L blood/day in women after 4 days of work; these data are presented in Table 5-3.

Gentry et al. (2017) provided two inhalation exposure estimates for office workers, 0.000383
ppm (5 pg/m?) and 0.000781 ppm (10.2 pg/m?) (Table 5-2). The internal dose levels based on
inhalation exposure and PBPK modeling for office workers were 2.26 x 107> mg-hr/L blood/day
in men and 1.24 x 10~°> mg-hr/L blood/day based on 0.000383 ppm exposure and 4.61 x 10~
mg-hr/L blood/day in men and 2.50 x 10> mg-hr/L blood/day in women based on 0.000781
ppm exposure (Table 5-3).

5.1.1.5 Summary: Worker Exposure

The results of the SEHSC (2019) personal exposure monitoring data provide a conservative
exposure of 1.2 ppm (14,558 pg/m3), for manufacturing and processing of D4 compared to the
air concentration estimate for worker exposure used by Gentry et al. (2017) of 0.1908 ppm
(2310 pg/m3). However, internal dose estimates are not available for these workers. Thus, the
internal doses for skin care formulators, based on an exposure of 2.44 ppm, are used as a
surrogate. Since personal exposure monitoring data are not available for the formulation of
occupational or consumer products containing D4, exposure data (0.12 to 2.44 ppm) and
internal dose estimates for workers engaged in the formulation of various personal care products

are used.

Table 5-3 and Table 5-4 present the internal doses for worker exposures (based on exposures in

Table 5-2). Conversion of exposures to human internal dose levels was necessary to permit
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direct comparison in the same units of the exposures to the derived POD for risk assessment,
which was also derived by PBPK modeling. Because human internal dose levels include all
TSCA-relevant and TSCA non-relevant exposures, this approach provides a very conservative
estimate of worker exposures. The internal doses for worker exposure provided in Table 5-3 are
used in the current risk characterization and Table 5-4 summarizes the key exposure and internal

dose metrics for workers.

5.1.2 Overview of Consumer Exposure Assessment Conducted by
Gentry et al. (2017)

Gentry et al. (2017) first performed a series of Monte Carlo analyses to prioritize the consumer
pathways that would potentially result in the greatest exposure. Only those scenarios associated
with the greatest exposure were included in the PBPK analysis. Gentry el et al. (2017) stated
that the Monte Carlo analysis produced a distribution of estimates of the intake of D4 in mg/kg
of body weight (bw)/day for each consumer product using distributions for the parameters in
order to identify those exposure scenarios that provided the greatest potential for exposure to
D4. Only those exposure pathways associated with specific product usage that had the largest
mean and upper bound estimates for intake, based on the results of the Monte Carlo analysis,
were then used for the PBPK analysis to obtain an estimate of the internal dose for comparison

to the internal dose associated with the POD.

The exact equations and parameters used to assess each population and exposure pathway were
included in Gentry et al. (2017) and the supplemental tables in the Supplemental Information

document.

5.1.2.1 Applicable Routes of Exposure (Gentry et al. 2017)

5.1.2.1.1 Oral Exposure

Oral exposure to consumer products was limited to ingestion of lipstick, which was incorporated
in the overall oral exposure estimate in the general population PBPK model. Gentry et al. (2017)
concluded oral exposures to consumer products was largely incidental and not a major exposure

pathway of concern.
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5.1.2.1.2 Dermal and Inhalation Exposure

For consumer exposures, personal care products and OTC medication (vapor rub) are TSCA
non-relevant exposures. The aggregated dermal and inhalation exposure from application of
personal care products (which includes these sources) was used as a surrogate for household

cleaners.

5.1.2.2 Consumer Exposure Assessment Methods (Gentry et al. 2017)

Gentry et al. (2017) “determined from the Monte Carlo analysis that in all cases, specific
personal care product use (body lotion, hair spray, foundation, after shave and AP
(antiperspirants) by adults provided the highest contribution to potential D4 exposure. For
example, estimates of intake for the remaining consumer products (for adults, male and female)
were 33% or less than the estimated intake of D4 from use of body lotion in adult females.
These results demonstrate that it is not likely that consumer products beyond these products

would represent a significant contribution to the potential exposure to D4.”

Therefore, the PBPK analysis for personal care products conducted by Gentry et al. (2017) was
limited to the products identified as contributing the most to potential consumer exposure based
on the Monte Carlo analysis results. This approach identified the largest potential contributors to
exposure and with application of the PBPK model provides the estimated internal dose metrics

associated with exposure to these products.

Gentry et al. (2017) included the following key considerations in estimating internal dose
metrics associated with dermal exposure from the use of consumer products: the amount of D4
in the product, the amount applied, the surface area over which the product was applied, and the

frequency of the application (Table 5-5 and Table 5-6).

For consumer inhalation exposure, the PBPK modeling was conducted using air concentration

data that were available for selected consumer products as reported in Gentry et al. (Table 5-7).
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As the current PBPK model (McMullin et al. 2016) is not designed to estimate internal dose
metrics for children, child scenarios were qualitatively related to the PBPK results from adult

scenarios evaluated in the PBPK analysis in Gentry et al. (2017).

5.1.2.3 Consumer Exposure Results (Gentry et al. 2017)

The values used in the Gentry et al. (2017) risk characterization were the internal dose metrics
calculated from PBPK modeling for consumer products as presented in Table 5-8 and the
corresponding 95th percentile exposures in mg/kg bw/day are presented in Table 5-10. The
highest internal dose in men and women from dermal exposure was based on hand/body lotion
exposure. 2.49 x 1073 mg-hr/L blood/day in men and 3.14 x 1073 mg-hr/L blood/day in women).
The highest internal dose in men and women from inhalation exposure was from roll-on
deodorant (2.04 x 103 mg-hr/L blood/day in men and 2.31 x 10~ mg-hr/L blood/day in

women).

5.1.2.4 Summary: Consumer Exposure (Gentry et al. 2017)

All results from the evaluation of dermal and inhalation exposure to consumer products,
specifically those personal care products included in Gentry et al. (2017), are considered
conservative overestimates of exposure for the current Risk Evaluation. All of the personal care
products would be considered FDA-regulated products and would therefore fall outside the
purview of consideration for a submission to EPA. However, these values are used as surrogates
for exposure to TSCA relevant consumer products (e.g., household care products). Additionally,
consumer exposure values for personal care products used by Gentry et al. (2017) are
conservative due to the decreasing concentrations of D4 in personal care products over the past
20 years (Gentry et al. 2017). With the exception of ingestion of lipstick (which was considered
as part of the ingestion pathway of food, water, and soil to the general public), oral exposure to

consumer products is largely incidental and not a major exposure pathway of concern.
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5.1.3 Overview of General Population Exposure Assessment Conducted
by Gentry et al. (2017)

General population exposures in Gentry et al. (2017) included indoor and outdoor air, as well as
the ingestion of D4 from drinking water, food, breast milk, and soil, and mouthing of consumer

products by children (e.g., pacifiers, infant toys) for general population.

Gentry et al. (2017) first performed a series of Monte Carlo analyses to prioritize the general
population pathways that would potentially result in the greatest exposure. Only those scenarios
associated with the greatest exposure were included in the PBPK analysis. Gentry et al. (2017)
stated that the Monte Carlo analysis produced a distribution of estimates from general sources
(air, water, food and soil) using distributions for the parameters in order to identify those
exposure scenarios for the exposure pathways that provided the greatest potential for exposure
to D4. Only those exposure pathways associated with specific product usage that had the largest
mean and upper bound estimates for intake, based on the results of the Monte Carlo analysis,
were then used for the PBPK analysis to obtain an estimate of the internal dose for comparison
to the internal dose associated with the POD.

The exact equations and parameters used to assess each population and exposure pathway were
included in Gentry et al. (2017) and the supplemental tables in the Supplemental Information

document.

5.1.3.1 Applicable Routes of Exposure (Gentry et al. 2017)

Relevant exposures as determined by Gentry et al. (2017) include foods, food additives and food
contact materials, cosmetics, infant products (bottle nipples, sipper cups and straws), and OTC

medical products (anti-gas medication).

For the oral exposure estimate, the authors used the mean and 90th percentile results (in mg
D4/kg-body weight/day) from the Monte Carlo analysis that combined multiple sources of oral
exposure, including food, water, soil, residual antifoam, and lipstick. Estimates for exposure of
children to D4 using silicone rubber products, such as teethers or sippy cups, is dependent on

the migration rate of the siloxanes from the product into saliva or other fluids. Migration tests
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were performed using silicone cake pans, which was demonstrated to be an appropriate
surrogate. These cake pans had an average concentration of D4 of 23 mg/kg (Zhang et. al.,
2012). Migration from food containers was assumed to be an amount per day over the duration
of exposure, but there is little evidence that this amount could be repeatedly extracted from the
same product each day or that a new product would be used each day. Therefore, this is a very
conservative estimate of the daily exposure and would result in an overestimation of D4
exposure. Oral exposure to the general public from environmental media or to subsistence
fisherman were not carried further in the risk evaluation because the exposure potential was
determined to be two times less than the product representing the greatest exposure to D4

through consumer use (e.g., body lotion for adults).

Dermal exposure to the general population was not considered a pathway of concern in Gentry
et al. (2017). Based on the results of the Monte Carlo analysis performed by Gentry et al.

(2017), dermal exposure was not considered to impact the exposure assessment for the general
population. This is supported by the low dermal absorption rate of D4 (0.5%), thus limiting the

potential for dermal exposure to the general population.

For inhalation exposures among the general population, Gentry et al. (2017) evaluated indoor

and outdoor air.

5.1.3.2 General Population Exposure Assessment Methods (Gentry et al. 2017)

The exposure scenarios and values used by Gentry et al. (2017) were the same as that discussed
in the Canadian Assessment in Section 5.1.4.1 below. The general population inhalation
exposure inputs (in mg D4/kg-body weight/day) for the PBPK model were calculated using
point estimates of the parameters with distributions from the Monte Carlo analysis. These
included the “‘most-likely’ value from parameters with a triangular distribution, the mid-point for
those with a uniform distribution, and the mean value for those with a lognormal or normal
distribution. The exact equations and inputs used by these authors are outlined in the publication

and in the Supplemental Information document.
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The PBPK analysis for the general population considered both inhalation of indoor and outdoor
air in the home environment, exposure to D4 in environmental media (e.g. ingestion of water,
soil, air, fish, breast milk, and other foods), ingestion of lipstick, ingestion from children’s
products (sipper tube, baby bottle nipple), and ingestion of anti-gas medication. Exposure to
environmental media was also considered for subsistence fishermen where the consumption of

fish was assumed to be the main source of protein.

5.1.3.3 General Population Exposure Results (Gentry et al. 2017)

The oral exposure parameters for Monte Carlo analysis are presented in Table 5-9 and the 95"
percentile exposures in mg/kg bw/day are presented in Table 5-10. The mean reported oral
intake of D4 determined from the Monte Carlo analysis of Gentry et al. (2017) ranged from
0.005 mg/kg/day for males and females ages 60 and older to 0.007 mg/kg/day for male and
female subsistence fishermen ages 12 to 19 years of age. The 90th percentile of oral intake to
D4 was approximately 0.009 mg/kg/day for males in the general population or subsistence
fisherman 20 to 59 years of age. Since general population oral exposures (environmental media,
and food including subsistence fishing) were considerably less than the dermal consumer
exposures, Gentry et al. 2017 did not carry oral exposures for the general population into their

risk characterization and thus did not determine oral internal doses for this population.

The AUCs estimated for inhalation exposure to D4 for the general public ranged from 2.15 x
1076 to 3.8x107% mg-hr/L blood/day for the female and male receptors, respectively, from
exposure to outdoor air (Table 5-12). A range of AUCs of 1.08 x10™*to 1.9x 10~* mg-hr/L
blood/day was estimated for the females and males respectively, from exposure to indoor air.
Exposure to the general public from environmental media or to subsistence fisherman were not
carried further in the risk evaluation because the exposure potential was determined to be two
times less than the product representing the greatest exposure to D4 through consumer use (e.g.

body lotion for adults).

The results from the Monte Carlo analysis indicated that oral intakes in children are up to 10

times greater than intakes estimated for adults.
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Gentry et al. (2017) considered the general population to be individuals who could be exposed

to levels of D4 in outdoor or indoor air for purposes of their assessment.

5.1.3.3.1 Indoor Air

For indoor air “a value of 10 pg/m® (0.000766 ppm) D4 in indoor air was identified from the
New York Indoor Environmental Quality Center study (NYIEQ, 2005) and was assumed to be
representative of the indoor air concentration to which an individual in the general public would
be exposed.” The general population inhalation exposures used by Gentry et al. (2017) are
summarized in Table 5-11 and the internal dose levels based on PBPK modeling are presented
in Table 5-12. The internal dose levels used in risk characterization for indoor air were 1.9 x
10~* mg-hr/L blood/day in men and 1.08 x 10~ mg-hr/L blood/day in women.

5.1.3.3.2 OQutdoor Air

For outdoor air, “a value of 0.2 pg/m? (0.0000153 ppm) was identified as representative of the
typical exposure to D4 in outdoor air and was used to estimate D4 exposure for the general
public. This value was estimated using the average of the median or midpoint of the reported
outdoor air concentration ranges from all the available published studies (Boehmer et al. 2001,
Kaj et. al. 2005; Norden 2005; Shields et. al. 1996).” The general population inhalation
exposures used by Gentry et al. (2017) are summarized in Table 5-11 and the internal dose
levels based on PBPK modeling are presented in Table 5-12. The internal dose levels used in
risk characterization for indoor air were 3.8 x 10 mg-hr/L blood/day in men and 2.15 x 107
mg-hr/L blood/day in women.

5.1.3.4 Summary: General Population Exposure (Gentry et al. 2017)

The values used in the risk characterization by Gentry et al. (2017) were the internal dose
metrics for general population exposure as presented in Table 5-12. As stated above, oral
exposures to the general public from environmental media or to subsistence fisherman were not
carried further in the risk evaluation because the exposure potential was determined to be two
times less than the exposure representing the greatest exposure to D4 through consumer use
(e.g. body lotion for adults). Dermal exposure to the general population was not considered a

pathway of concern in Gentry et al. (2017).
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As part of this Risk Evaluation, more recent indoor air data were compared to the exposure
assessment of Gentry et al. (2017). Concentrations of D4 in indoor air available from Tran and
Kannan (2015) who reported on a survey of homes in Albany, New York, were considered. The
new value that would be used for the distribution (median = 0.116 pug D4/m? air, Table 5-15) is
two orders of magnitude lower than that used in Gentry et al. (2017). Therefore, any exposure
calculation made using the indoor air concentration reported in Gentry et al. (2017; the basis of
this Risk Characterization) would conservatively overestimate an exposure calculation made

using the newer Tran and Kannan (2015) value.

For this Risk Evaluation, new data on the concentrations of D4 found in outdoor air from
Yucuis et al. (2013), which reported on urban air in Chicago, Illinois, were considered. Updated
values that could be used for the distribution (median = 0.054 ug D4/m?, Table 5-15) were less
than one order of magnitude lower than those used by Gentry et al. (2017). Therefore, any
exposure calculation made using the outdoor air concentration reported in Gentry et al. (2017,
the basis of this Risk Characterization) would conservatively overestimate an exposure

calculation made using the newer Yucuis et al. 2013 value.

5.1.4 SEHSC (2008b) and Updated SEHSC Consumer and General
Population Exposure Assessments

The consumer and general population exposure assessment for this Risk Evaluation relies
primarily on that of Gentry et al. (2017) which in turn was based on that conducted by SEHSC
(2008b; the Canadian Assessment). Updates to SEHSC (2008b) were made as part of this Risk
Evaluation, using more recent information where available. The updated SEHSC (2008b)
assessment is referred to as the Updated Assessment. The results from both the Canadian
Assessment and the Updated Assessment are included to demonstrate that the inclusion of new
information would not change the results of the Canadian Assessment, nor impact the

assessment by Gentry et al. (2017).

5.1.4.1 Canadian Assessment

The Canadian Assessment did not divide exposures into consumers and the general population.

The exposure estimates in the Canadian Assessment for each route, as well as an estimate of
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cumulative exposure (all routes) for each of the six population groups are provided in Table
5-13 and Table 5-14 (adults and children, respectively; information without highlight; in mg/kg
bw/day). Both average and upper bound exposures were estimated. Since exposure to D4 is
expected to be chronic, the 90" percentile of exposure was considered an appropriate metric of

upper bound exposure.

The Canadian Assessment states that “based on the widespread use of D4 in consumer products,
as well as its physico-chemical properties, it is expected that the likelihood of general
population exposure is high.” The routes of human exposure were estimated by considering the
following pathways:
e Inhalation of ambient air and indoor air. In other human health risk
assessments for priority chemicals, inhalation of indoor air is expected to

capture most exposure from consumer products (per Health Canada’s Priority
Substance Risk Assessment Guidance Document).

e Ingestion of D4 from drinking water, food, OTC medication (anti-gas medication),
breast milk, lip-area cosmetics, consumer products for children (e.g.: soothers) and
soil.

e Dermal absorption of D4 from use of consumer products.

In the Canadian Assessment, measured and calculated values for D4 concentrations in
environmental media were based on those reported in the UK EA Environmental Risk
Assessment (Brooke et al. 2009). As stated in the Canadian Assessment: “To capture likely
human exposure and maintain consistency with previous risk assessments, experimental values
from this work were selected to model D4 concentration in environmental media. In some cases,
only limited or surrogate data were available. For example, no reported measurements of D4
concentrations in drinking water were found. Therefore, data on D4 concentrations in surface
water were selected, as surface water is expected to be a reasonable surrogate for drinking
water. Experimental measurements of D4 in ambient air, indoor residential air, surface water,
and soil referenced in the UK environmental risk assessment were used to support this exposure
assessment.” Additional details on input parameters for the Canadian exposure assessment are
available in SEHSC (2008b; specifically, Tables 3a-j) and provide the details of the data used to
develop D4 concentration distributions. These details are not repeated in this document. The

results of the Canadian Assessment are summarized below.
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Analysis of the various routes of exposure shows that both at the mean and at the 90" percentile,
for the adult age groups, ages 12-17 years, 20-59 years and 60+ years, dermal exposure is the
primary route by which humans intake D4 (Table 5-13). Dermal exposure is primarily
attributable to use of consumer products (personal care products and cosmetics, as surrogate for
household care products) that contain D4, contributing about 80% of average exposure for men

and about 90% for women.

Cumulative estimates of exposure for children were developed as well (Table 5-14). For
children the primary exposure route varies by age group: children 0-6 months and females 4-11
years (ingestion), children 6 months — 4 years and males 4-11 years (dermal).

Exposure estimates were also developed for subsistence populations (Table 5-13 and Table
5-14). These are population groups who depend more heavily on the consumption of fish and
shellfish than the general population. Specifically, this analysis suggests that there is potentially
slightly higher exposure to D4 for subsistence fishermen. Since the only computational
difference in this analysis between the subsistence and general populations is the consumption
of fish, it was inferred that consumption of fish and shellfish may have a perceptible impact on

D4 exposure.

In conclusion, the Canadian assessment of exposure predicted the cumulative exposure to D4
from inhalation, ingestion, and dermal routes of exposure. Average adult exposures which were
around 0.01 mg/kg-bw/d or less are dominated by dermal exposure, via the consumer use of
personal care/cosmetic products that may be formulated with D4. At the upper bound, adults’
exposures would not likely exceed 0.025 mg/kg-bw/d. Average children’s exposures, which
were around 0.015 mg/kg-bw/d or lower, are dominated by ingestion or dermal. At the upper
bound of exposure, infants’ exposures would be less than 0.06 mg/kg-bw/d. Detailed results by
each individual route of exposure are given in Table 5-13 and Table 5-14 (rows without
highlights).
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5.1.4.2 Updated Assessment

An Updated Assessment of exposure based on the Canadian Assessment was conducted to
provide clarity on the conservative nature of the Canadian exposure assessment, as well as the
information used by Gentry et al. (2017). The Updated Assessment includes relevant
information from a systematic literature review conducted to gather information post-2008 (see

Section 2), because information up to 2008 was included in the Canadian assessment.

Information from the systematic literature review was used to identify relevant studies post-
2008 that contained information related to D4 concentrations in various media. Exposure values
were either replaced in the assessment or were checked against existing values to ensure general
concordance. If multiple new studies reported concentration values, the most conservative
(highest) concentration for each exposure type was used. In addition, uses that were deemed
TSCA non-relevant were excluded from the updated assessment where appropriate and feasible.

Exposure parameter details are provided below and presented in Table 5-15 through Table 5-20.

Exposure Updated Assessment Change

Consumer

Exposures related to items covered by FDA or EPA Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA) regulations were verified, but not updated.

Dermal exposures from personal care products were not updated and were used as a
surrogate for TSCA-relevant consumer products (e.g., household cleaners)

Oral exposure was not considered for consumer exposure. Oral exposure to consumer
products was limited to ingestion of lipstick, which was incorporated in the overall oral
exposure estimate in the general population model in the Canadian assessment. Because this
is a use that is TSCA non-relevant, it was excluded from the updated assessment

The OTC products are likewise excluded because the OTC vapor rub products are considered
a drug and fall under the purview of FDA.

General
Population

Surface Water -  Surface water was used as a surrogate for drinking water. Drinking water has been included
oral as a potential route of exposure. However, based on its physico-chemical properties, the
presence of D4 in drinking water is unlikely.

In the updated assessment, distributions of water intake were obtained from the EPA
Exposure Factors Handbook (EFH) (U.S. EPA 2008, 2011c). Updated values were added
to reflect the distribution of US-based consumption of tap water for different age groups.
There was additional detail for infants <1 year old as it related to breastfeeding status and
tap water consumption, which was factored into the exposure estimate for that age group
(Table 5-19).

In the updated assessment, the drinking water values were updated with surface water data
from the larger ECA monitoring program (84 samples, Nusz et al., 2018), which reported
values (0.03 pg/L, Table 5-16 and Table 5-20) approximately one order of magnitude lower
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than the Predicted Environmental Concentrations (PECs) used in the Canadian assessment.
The use of surface water data is conservative because surface water typically undergoes
treatment prior to distribution as drinking water.

Soil- oral

In the updated assessment, while soil ingestion is not expected to contribute significantly to
overall exposure, there are data available on concentrations of D4 in biosolid amended soil in
North America. Wang, et al. (2013b) reported concentrations in biosolid-amended soil
between <0.008 and 0.017 pg/g dry weight. The most likely value chosen for the analysis (8
pg/kg soil, Table 5-16 and Table 5-20) was similar to the values reported in the Canadian
assessment.

Fish and
shellfish- oral

In the updated assessment, the intake distribution for fish in subsistence fisherman
populations was updated for children only (Table 5-16). No new data were identified for
adult subsistence fisherman populations. Updated, measured concentration data were
identified for fish from the ECA monitoring program described in Nusz et al. (2018). The
most likely value in the initial analysis of 0.034 mg/kg fish was replaced with a lognormal
distribution from new measurement data and a most likely value of 0.0596 mg/kg fish (Table
5-16 and Table 5-20). This value was on the same order of magnitude as the most likely
value used in the original assessment.

Children’s
products- oral

Infant bottle nipples /sipper tubes/straws (all considered food contact materials), data used as
surrogate for pacifiers/teethers and infant toys

Residual food content from packaging/processing “Antifoam” not TSCA-related, but
conservatively included in the updated assessment**

In the updated assessment, according to a study from Zhang, et al. (2012), D4 was detected in
all samples of silicone nipples in concentrations ranging from 0.6 to 49 mg/kg (median 2.5
mg/kg; Table 5-16 and Table 5-18). A custom distribution was used to reflect the sampling
results in the current exposure assessment and replace the estimate in the Canadian
assessment which, as mentioned above, was a conservative overestimate. This value was
used as a surrogate for those products applicable to EPA TSCA exposure assessments
(pacifiers, infant toys).

OTC products -
oral

The OTC products are likewise excluded because the OTC anti-gas products are considered a
drug and fall under the purview of FDA

Cosmetic- oral

Oral exposure to consumer products was limited to ingestion of lipstick, which was
incorporated in the overall oral exposure estimate in the general population model in the
Canadian assessment. Because this is a use that is TSCA non-relevant, it was excluded from
the updated assessment.

Indoor air
(breathing zone
air) - inhalation

In the updated assessment, breathing rates (Table 5-17) were updated with values from Table
6-4 (U.S.EPA 2011c) and were matched as closely as possible to the age ranges from the
original assessment.

In the updated assessment, concentrations of D4 in indoor air were taken from Tran and
Kannan (2015) who reported on a survey of homes in Albany, New York. The new values
used for the distribution (median = 0.116 g D4/m? air, Table 5-15) were on the same order
of magnitude as the original values.

11 Silicones used in Food Contact Materials are generally regulated as indirect food additives by the U.S. FDA
under C.F.R., Title 21 on Food and Drugs, parts 170 to 199 [18]. Silicones are covered in many sections of this
regulation, e.g. under section numbers 178.3570 (lubricants with incidental food contact), 177.2600 (rubber
articles intended for repeated use), 177.2465 (polymethylmethacrylate / poly-
(trimethoxysilylpropyl)methacrylate copolymers), 175.300 (resins and polymer coatings), 175.320 (resins and
polymer coatings for polyolefin films), 177.1200 (cellophane) and 175.105 (adhesives). A database providing
yearly updates can be accessed and searched on the website of the FDA. In the production of silicones, prior
sanctioned ingredients and substances generally recognized as safe (GRAS) are also legally allowed (Food
Packaging Forum, 2015).
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Outdoor air -  In the updated assessment, breathing rates (Table 5-17) were updated with values from Table
inhalation  6-4 (U.S. EPA 2011c) and were matched as closely as possible to the age ranges from the
original assessment.

In the updated assessment, the concentrations of D4 found in outdoor air were taken from
Yucuis, et al. (2013), which reported on urban air in Chicago, Illinois. Updated values used
for the distribution (median = 0.054 pg D4/m?, Table 5-15) were two orders of magnitude
lower than what was used in the Canadian assessment. These data are used since they are
specific to the U.S.

5.1.4.3 Monte Carlo Method

Distributions were developed for almost all the parameters used to estimate exposure. As noted
above, some distribution data could not be located, and in these cases, the parameter value is
held constant. Two hundred thousand iterations were run to provide average and percentile
values for exposure by each identified route and to provide stability in the distributions at the
95th percentile. Equations to combine the parameters are shown in the table of inputs for each
exposure route (Table 5-15 and Table 5-16).

The reported exposures may be considered estimated intakes (on a body weight basis) for one
day. That is, a single iteration of the Monte Carlo analysis could be interpreted as though
looking at a snapshot of the population on a single day. However, this analysis does not take
into consideration the number of years over which a product may be used. Thus, the exposures

are not lifetime average daily doses.

The estimates provided in the Updated Assessment can be considered conservative because they
assume that for each scenario, 100% of the population are “users’. This contrasts with the
Canadian Assessment (SEHSC 2008b) that was carried out where only a fraction of the
population was assumed to participate in each of the varying exposure scenarios. Because it is
unlikely that everyone in the population is exposed to D4 through all routes assessed in the
current analysis, the combined exposure estimates per route of exposure as well as total

exposure can be considered conservative.

Similar to the Canadian Assessment results, dermal is the primary exposure pathway for adults.
For children, ingestion is the primary pathway for 0-6 months and females 4-11 years; dermal is

the primary pathway for children 6 months - 4 years and males 4-11 years. It should be noted
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that these estimates are based on dermal contact with personal care products and cosmetics and

these products are being used as a surrogate for household cleaners in the Updated Assessment.

The exposure estimates presented below are based on the average exposure scenarios, with the

90th percentile estimates provided in Table 5-13 and Table 5-14.

Aggregated dermal exposure from application of personal care products / cosmetics evaluated in
the Canadian assessment (as surrogate for household cleaners) was included as a conservative
estimate of dermal exposure and thus the total adult exposure likely overestimates actual
exposure from EPA-regulated products. The adult dermal exposure estimates range from 4.01 x
107 t0 9.90 x 10~ mg/kg-bw/day for males 20-59 years and females 12-19 years, respectively.

Total adult inhalation values ranged from 5.53 x 10 to 1.03 x 10° mg/kg-bw/day in females

60+ and males 12-19 years old, respectively. Overall, inhalation values were approximately one
order of magnitude lower than the Canadian Assessment. The updated outdoor air concentration
value (0.054 ug D4/m? in the U.S. vs. 1 ug D4/m? in Nordic environments) likely contributed to

this difference.

Total adult ingestion exposure in the general population ranged from 3.11 x 10° to 4.32 x 10 in
males 20-59 years and females 12-19 years, respectively. In subsistence fisherman populations,
the range was slightly higher, between 2.40 x 10 in males 60+ and 3.36 x 10 in females 12-19
years. Despite performing a ‘users only’ analysis, all ingestion exposure estimates were two
orders of magnitude lower than the Canadian Assessment. In addition to lower totals for each
stratum within ingestion in the update analysis, there were fewer categories considered; both

factored into the lower overall ingestion exposure estimates.

Total adult exposure estimates ranged from 4.02 x 10 to 9.91 x 10 mg/kg-bw/day in males
20-59 and females 12-19 years old, respectively. In subsistence fishing populations, the total
adult exposure ranged from 4.04 x 107 to 9.94 x 10 mg/kg-bw/day in males 20-59 and females
12-19 years old, respectively. These estimates were generally similar to the Canadian

Assessment’s estimates.
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For categories of exposure that included multiple strata (e.g., total ingestion for 6 months — 4
years), the highest stratum among the group was chosen as representative and included for

reporting (e.g., total ingestion 7-11 months breastfed).

In children, total inhalation exposure estimates ranged from 1.23 x 10 to 2.12 x 10° mg/kg-
bw/day in females 4-11 years and males 6 months-4 years, respectively. In comparison to the
Canadian analysis, the inhalation values were approximately one order of magnitude lower than

the original analysis.

Total child ingestion exposures ranged from 7.10 x 10° to 3.85 x 10~ mg/kg-bw/day in females
4-11 years and females 6 months - 4 years, respectively. In subsistence fishing populations,
childhood ingestion exposure estimates ranged from 8.87 x 10 to 3.45 x 10 mg/kg-bw/day in
females 4-11 years and breastfed infants 0-6 months, respectively. The ingestion exposure
estimates in children were generally on the same order of magnitude as the Canadian
Assessment.

Total childhood exposure estimates ranged from 8.63 x 10 to 1.39 x 102 mg/kg-bw/day in the
general population females 4-11 years and females 6 months-4 years, respectively. In
subsistence fishing populations, the exposure estimates ranged from 1.04 x 10* to 1.24 x 10
mg/kg-bw/day in females 4-11 years and both sexes 6 months-4 years, respectively. Except for
the estimates in the 6 months-4 years age range, which were one order of magnitude higher than
the Canadian Assessment, the updated estimates were one order of magnitude lower than the

Canadian estimates.

The findings of the Updated Assessment indicated that all exposure estimates (with one
exception, noted above) were either lower or of the same order of magnitude as the Canadian
Assessment. Therefore, the Canadian Assessment and by extension the Gentry et al. (2017)
exposure assessment can be used as a conservative approach to the evaluation of D4 consumer
and general population exposures for this Risk Evaluation. Additional conservatism results from
the fact that the Canadian Assessment, and therefore the Gentry et al. (2017) assessment,

included non TSCA-relevant exposures.
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5.1.4.4 Consumer and General Population Exposure Estimates Selected for Evaluation
in the Risk Characterization

For consumer exposure (summarized in Table 5-10), the inhalation and dermal internal dose
levels presented in Table 5-8 are included in the risk characterization of D4. Gentry et al. (2017)
concluded oral exposures to consumer products (Tables 5-9 and 5-10) were largely incidental
and not a major exposure pathway of concern, and therefore were not carried forward to risk
characterization. For general population exposure (summarized in Table 5-11), indoor and
outdoor air internal doses presented in Table 5-12 are selected for evaluation in the current risk

characterization.

Dermal exposure to the general population was not considered a pathway of concern in Gentry
et al. (2017). Oral exposures to the general population or to subsistence fisherman were not
carried further in the risk evaluation because the exposure potential was determined by Gentry
et al. (2017) to be two orders of magnitude less than the exposure representing the greatest

exposure to D4 through consumer use (e.g. body lotion for adults).

5.1.4.5 Uncertainty in the Human Health Exposure Assessment

The US EPA Exposure Factors Handbook (EFH) (U.S. EPA 2008, 2011c) identifies key types
of uncertainty that contribute to overall uncertainty in risk assessment. All the types of
uncertainty noted below contribute or may contribute to the overall uncertainty in the estimates

of exposure to D4 presented here.

Three types of uncertainty and associated sources and examples

Type of uncertainty Sources Examples
Scenario uncertainty Descriptive error Incorrect or insufficient information
Aggregation errors Spatial or temporal approximations
Judgment errors Selection of incorrect model
Incomplete analysis Overlooking an important pathway
) Measurement errors Imprecise or biased measurements
Parameter uncertainty Sampling errors Small or unrepresentative samples
Surrogate data Structurally-related chemicals
. . Incorrect inferences on the basis for
Model uncertainty Relationship error correlations
Modeling error Excluding relevant variables

Source: U.S. EPA 2008, 2011c
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An example of scenario uncertainty may be found in the attempt to quantify the D4 exposure via
food consumption. No experimental measurements of D4 in foodstuffs, except for certain fish
and marine foods were identified. Therefore, PECs of D4 in certain media were used to
represent the potential range of exposures via this route. However, without some experimental
identification that these are the appropriate food types to include in a food analysis, and without
experimental determination of D4 concentrations, there is uncertainty about the contribution of

this pathway to overall exposure.

The major source of uncertainty in this analysis is expected to be parameter uncertainty; in
several cases, there is either very limited, or no data to quantify the amount of D4 available for

human exposure via a particular pathway.

Sources of parameter uncertainty include both measurement error and sampling error, as well as
use of surrogate data. For example, surface water data collected from the mixing zone was used
as a surrogate for drinking water. In another example, for soil concentrations, only 11 samples
were taken with only three detectable concentrations. Relying on so few samples to represent all
soil concentrations introduces uncertainty into the model. An additional example of parameter
uncertainties includes the limited D4 concentration data for many products and that data based
on reported concentrations could be in a formulation that is conservative, but may not represent

actual practice and the range of D4 concentrations.

There are also uncertainties in the exposure estimates that have not been quantified, and these

may outweigh the differences in D4 exposure between general and subsistence populations.

An important source of uncertainty in the estimates of exposure for children come from the use
patterns of juvenile products made from silicone elastomers. For example, it is not known with
certainty the extent of the population that use silicone-based pacifiers, teethers or infant toys. In
these cases, professional judgment was used to develop placeholder distributions in lieu of data.
Furthermore, ingestion exposure was not differentiated for boys and girls under 4 years of age
because there was little information on which to base such a separate estimate. The children’s

population groups were separated by lactation status, since this was assumed to impact the
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ingestion of D4 from water, milk, human milk, and certain elastomeric products, such as baby

bottle nipples. These are only a few of the sources of uncertainty in the assessment.

Approaches to quantitative analysis of uncertainty

Approach

Description

Example

Sensitivity analysis

Changing one input variability
at a time while leaving others

constant, to example effect on
output

Fix each input at lower (then
upper) bound while holding
others at nominal values (e.g.,
medians)

Analytical uncertainty
propagation

Examining how uncertainty in
individual parameters affects the
overall uncertainty of the exposure
assessment

Analytically or numerically obtain
a partial derivative of the exposure
equation with respect to each input
parameter

Probabilistic uncertainty
analysis

Varying each of the input
variability’s over various values
of their respective probability
distributions

/Assign probability density
function to each parameter:
randomly sample values from
each distribution and insert them
in the exposure equation (Monte
Carlo)

Classical statistical methods

Estimating the population
exposure distribution directly,
based on measure values from a
representative sample

Compute confidence intervals for
\various percentiles of the
exposure distribution

Source: U.S. EPA 2008, 2011c
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Table 5-1. Comparison of silicone worker inhalation exposure parameters
Worker Parameter
Air Concentration® Daily Exposure® Exposure Work Year! (weeks/year) | Inhalation Rate®(m3/h) | Body Weight' (kg)
(ppm/ug/m?3) (hours/day) Frequency®
(days/week)
Silicone Worker — 0.1908/2310 8.75¢ 5 50 1.6 (M) 86.9 (M)
D4 production (0.0950)° 14 (F) 73.4 (W)
facility (Maxim
1988, as cited in
Gentry et al. 2017)
Manufacture / 1.6 (M) 86.9 (M)
Processing 1.2/14,558¢ 8 5 50
(SEHSC 2019) 1.4 (F) 73.4 (W)

@Values are reported as arithmetic mean (geometric mean). The arithmetic mean was used in the assessment. Results from Maxim (1998) unless otherwise specified.

bArithmetic and geometric mean concentrations from air concentration monitoring in D4 production facility, as summarized in Gentry et al. (2017)

‘Results from SEHSC (2019) worker exposure personal inhalation monitoring

dDefaults based upon professional judgment.

®Inhalation rates as reported in USEPA (2011c).

fBody weights based upon NHANES (CDC 2007-2010) data.
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Table 5-2.

Summary of worker inhalation exposure parameters (from Gentry et al. 2017)

Worker Parameter
Air Concentration? Daily Exposure® Exposure Work Year® Inhalation Body
(ppm/ug/m?3) (hours/day) Frequency® (weeks/year) Ratef (m3/h) Weight® (kg)
(days/week)
Antiperspirant 0.33/4000 8 5 50 1.6 (M) 86.9 (M)
(formulation) (0.15) 1.4 (F) 73.4 (W)
Skin Care (formulation) 2.44/29,600 8 5 50 1.6 (M) 86.9 (M)
(1.76) 1.4 (F) 73.4 (W)
Hair Care (formulation) 0.012/150 8 5 50 1.6 (M) 86.9 (M)
(0.007) 1.4 (F) 73.4 (W)
Silicone workers 0.1908/2310 8.75c 5 50 1.6 (M) 86.9 (M)
(0.0950)° 1.4 (F) 73.4 (W)
Barbers and Beauticians | 0.085%/1000 5.6 or7¢ 4or5 50 1.6 (M) 86.9 (M)
1.4 (F) 73.4 (W)
Office workers 0.000383/5 8 5 50 1.6 (M) 86.9 (M)
0.000781/10.2 1.4 (F) 73.4 (W)

@Values are reported as arithmetic mean (geometric mean). The arithmetic mean was used in the assessment. Results from Maxim (1998) unless otherwise

specified.

bArithmetic and geometric mean concentrations from air concentration monitoring in D4 production facility, as summarized in Gentry et al. (2017)

‘Based upon results for silicone workers as reported in (Maxim 1998).

9Based upon The U.S. Department of Labor Bureau of Labor Statistics (2012).

¢Defaults based upon professional judgment.

finhalation rates as reported in USEPA (2011c).

8Body weights based upon NHANES (CDC 2007-2010) data.
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Table 5-3.

Occupational inhalation exposure expressed as internal dose (Area Under
the Curve, AUC) (from Gentry et al. 2017)

Worker AUC (mg-hr/L blood/day)
Men Women
Inhalation
Antiperspirant (formulation) | 1.95x 102 | 1.07 x 1072
Skin Care (formulation) 1.44x 10 | 7.88 x 107
Hair Care (formulation) 7.09x10* | 3.88x10™*
Silicone Workers 1.23x102% | 6.74x1073
Barbers and Beauticians
5 days 3.63x1073 | 2.03x10°
4 days 3.60x103 | 2.01x1073
Office Worker
5 ug/m? 2.26x10° | 1.24x10°°
(0.000383 ppm)
10.2 pg/m3 4.61x10™% | 2.50%x 107
(0.000781 ppm)
Dermal
Barbers and Beauticians
5 days 8.98x10* | 2.16x1073
4 days 1.14x 103 | 2.73x1073
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Table 5-4.

Summary of worker exposure assessment

formulation of skin care products used as a
conservative estimate for all D4 workers)

(29,600 pg/m?)

Route of Source of exposure INCLUDED in this Exposure Value | Internal dose value
exposure assessment used*
Oral Not applicable
Dermal Barbers and beauticians (not TSCA relevant) 14.1 mg of D4 5 days 8.98 x 10
exposure per (men)
application 2.16x103
(women)
4 days 1.14x 103
(men)
2.73x 103
(women)
Inhalation Silicone worker exposure (based on 2.4 ppm 0.144 (men)

0.0778 (women)

Barbers and beauticians (not TSCA relevant) 0.085 ppm 5 days 3.60x1073
(1000 pg/m3) (men)
2.03x103
(women)
4 days 3.63x103
(men)
2.01x103
(women)
Office workers (not TSCA relevant) 0.000383 ppm 2.26x107°
(5 ug/m?) (men)
1.24x 107
(women)
0.000781 ppm | 4.61x 107
(10.2 ug/m?3) (men)
2.50x 10™°
(women)

Values in bold serve as conservative values for all TSCA relevant worker exposures. See Table 5-3 for all internal

dose values.
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Table 5-5. Application parameter values for consumer use (Gentry et al. 2017)

Product Application rate Application Midpoint
(gms/day) Frequency D4 (%)b
Antiperspirant/ Deodorant gel o (scplicationt
or roll-on Antiperspirant/ 122 (male) 13 9:5
0.898 (female)®
Antiperspirant/ Deodorant stick or 0.79 (male) f 1.3 9.5
solid 0.61 (female)f
Antiperspirant/ Deodorant aerosol 3.478C 1 9.5
Shampoo 6C 1 0.002
Conditioner (Leave-in) 13.77¢ 1 1.0
Conditioner (Rinse- out) 13.77€ 1 1.0
Hair care-hair spray Aerosol 3.57f 1 4121
Pump 5.18f 1 41.21
Cosmetic foundation 0.339 1 19
Cosmetic night cream/ under eye 0.062 1 95
cream
Cosmetic mascara 0.112 2 6.5
Cosmetic lipstick 0.025C 3 14
Skin care-after-shave gel 0.952 1 11.5
Skin care-lotion (hand/body) 8.69C 1 5.52
Skin care-Moisturizer 0.91° 1 2.0
Skin care-nail care 0.252 1 10
Skin care-sunscreen 6.12 1 0.31
Soothing Vapor 5d 2 0.45
Note: all citations below as found in Gentry et al. 2017
2Maxim (1998).

PMidpoints calculated from Johnson et al. (2011).
Hall et al. (2007).

4Meeks (2005).

¢Loretz et al. (2008).

fLoretz et al. (2006).

8Hall et al. (2011).

"Personal judgment.

'Wang et al. (2009).
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Table 5-6.

Surface area for dermal evaluation of consumer exposure to

antiperspirant/deodorant, hair care, and skin care products (Gentry et al. 2017)

Product Type Surface Area Area Description Basis?
(cm?)
Male  Female
Antiperspirant/Deodorant — 271 129 Both axillae Cowan-Ellsberry et al.,
gel/roll-on, stick/solid, and 2008
aerosol
Hair care — hair spray (aerosol 680 570 % head (hair sprays) SCCS, 2012; USEPA,
and pump) 2011
1215 1015 %, area head + %2 hands
(conditioners)
1750 1460 % area head + total area of hands
(shampoo)
Cosmetics — foundation NA 570 ¥ head SCCS, 2012; USEPA,
2011
Skin Care — moisturizer
Cosmetics — night cream/under- NA 24 Assume is same as area for eye SCCS, 2012
eye cream shadow
Cosmetics — Mascara NA 1.6 SCCS, 2012
Skin Care — after shave gel 340 NA Y2 head USEPA, 2011
535 % hands
Skin Care — lotion (hand/body), 20,670 17,000 Body — head USEPA, 2011
sunscreen
Skin Care — nail care NA 11 Estimate of skin around nail SCCS, 2003
Soothing Vapor 4175 3270 Y of Trunk USEPA, 2011

2 All citations from Gentry et al. 2017.
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Table 5-7. Consumer inhalation exposure used by Gentry et al. (2017)

Parameter

Men

Women

Air Concentration (AC)

AP/D Solid 0.024 ppm (290 pg/m?3) 0.024 ppm (290 pg/m?3)
AP/D Roll-on 1.82 ppm (22,000 pg/m?3) 1.82 ppm (22,000 pg/m?3)
AP/D Aerosol 0.94 ppm (11,400 pg/m3) 0.94 ppm (0.0114 pg/m3)
HC/SC Products 0.338 ppm (4000 pg/m?3) 0.338 ppm (4000 pg/m?3)

Exposure Duration (ED) 5 min/day 10 min/day

Inhalation Rate (INH) 0.8 m3/hour 0.7 m3/hour

Body Weight (BW) 86.9 kg 73.4 kg

@#Median time spent in bathroom following a shower or bath.

* AF/7 min per day.

®Due to the limitations of the PBPK model, the inhalation times were run for 7 days per week for an exposure duration equal to ED
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Table 5-8. Internal dose levels expressed as Area under the Curve (AUC) exposure from
selected consumer products (Gentry et al. 2017)

Product AUC (mg-hr/L blood/day)
Men | Women
Dermal
Solid Deodorant 4.15%x10™% | 3.97 x10™*
Roll-on Deodorant 4.82x10° | 2.58x107®
Aerosol Deodorant 9.17x10™* | 1.19x 1073
Shampoo 6.02x107° | 1.51x10°®
Conditioner (Rinse-out) 7.14x10% | 1.74x 107
Conditioner (Leave-in) 3.57x10° | 8.71x107°
Hair spray (aerosol) 9.01x107° | 2.24x10®
Hair spray (pump) 1.31x10°% | 3.26x10°®
Moisturizer 9.53x 1075 | 2.32x10™*
Foundation N/A 5.41x10™
Night cream/Under eye cream | N/A 6.14 x 10™*
Lipstick (6 days) N/A 7.56 x 107°
Lipstick (5 days) N/A 3.12 x 107
Mascara N/A 1.44 x 107
Hand/body lotion 2.49x103 | 3.14x1073
Sunscreen 1.31x107 | 3.15x 1077
Nail care N/A 8.93 x 1077
After-shave gel 4.05x10™ | N/A
Soothing vapor 7.54x107° | 1.77x107®
Inhalation
Solid Deodorant 2.68x10° | 3.04x107°
Roll-on Deodorant 2.04x103 | 2.31x1073
Aerosol Deodorant 1.05x 103 | 1.16x 1073
Hair spray (aerosol) 4.16x10% | 4.71x10*
Hair spray (pump) 4.16x10% | 4.71x10*
Moisturizer 4.16x10% | 4.71x10™*
Foundation N/A 4.71 x 107
Hand/body lotion 4.16x 10 | 4.71x10™*
Sunscreen 4.16x10" | 4.71x10™*
Nail care N/A 4,71 x10™
After-shave gel 4,16 x 10 | N/A
Soothing vapor 2.74%x10° | 1.55x 107
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Table 5-9. Oral exposure parameters for Monte Carlo analysis (Gentry et al. 2017)

Value for Median / Source (as cited in
Exposure Parameter Both Units Distribution Min Most Max Mean/Std? Gentry et al. 2017)
Genders Likely y '
Lipstick Amount of Da 0.14 fraction Constant Johnson et al. 2011
(only oral in product
consumer Use frequency | 1 times/wk Custom 0 1.7 7 Loretz et al. 2005
exposure;
therefore, ’:S”;"“m PEr 1 0.024 g/application | Lognormal | 0 0.214 0.14/3.45 (G) | Loretz et al. 2005
added to
general Body weight Varies by age | kg See Body Weights Table S7 for specific body weights by age CDC (2007-2010)
population ; ;
oral Bioavailability | 0.52 Fraction Normal 0.37 0.67 0.52/0.05 ?gg‘écom'”g Corporation
exposure)
Amount AA
AG per use 0.01 g Lognormal 0 0.214 0.01/3.29 (G)
» Frequency of 4 times/day Triangular 1 4 12 Dow Corning Corporation
= use 1999
< | OTC Conc. of D4 in : Dow Corning Corporation
Antigas AA AG 3 Mg/g product | Triangular 1 3 4 1999
Bioavailability | 0.12 Fraction 0.08 0.15 0.12/0.01 ?gg"scom'”g Corporation
Body weight Varies by age kg See Body Weights Table S7 for specific body weights by age and CDC (2007-2010)
and gender gender
Amount Varies by age /ka Bw/da Data obtained from CSFIIl (USDA 1998) and custom distributions for age, gender and food
Consumed and gender 9’9 y product were derived.
Fish Root Plant Meat Milk K | _
Food / Milk ) . crops leaves Broq e etal. 2009;
Conc of Da Values in mg/kg (Empirical Environmental Control
distributions) 0.0013 10 40 12 %104 513.06_7><t 13 %104 4.2 x 105 to Center Co. Ltd. 2011;
. 0 t0 0.055 0 0190 t0 0.45 0.14 Norden 2005; NILU 2007
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Table 5-9. Oral exposure parameters for Monte Carlo analysis (Gentry et al. 2017)

Value for Median / Source (as cited in
Exposure Parameter Both Units Distribution Min Most Max Mean/Std?®
. Gentry et al. 2017)
Genders Likely
Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.52/0.0497 ?gg"scom'”g Corporation
Amount 59 glday Truncated |, 170 50/67.5b USEPA 2011
Consumed Normal
. Brooke et al. 2009;
Subsistence Environmental Control
E:zﬂearrr:jan Conc of D4 20 mg/kg 0.0013 40 Center Co. Ltd. 2011:
_| sheliiish Norden 2005; NILU 2007
E Conversion 3
-2 from g to kg 1x10 Constant
Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.52/0.0497 i)g;ngornlng Corporation
Amount Zr?‘;'ese%;ge Includes tap water and foods and beverages derived from tap water. Source: Canadian Ministry
Consumed fromgo i 4 L/day of National Health and Welfare 1981. Tap water consumption in Canada. Document number 82-
EHD-80. Public Affairs Directorate, Department of National Health and Welfare, Ottawa, Canada.
Water L/day
Conc of D4 2x10* mg/L 3x107 4x10* Brooke et al. 2009
Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.52/0.0497 ?gg’”scom'”g Corporation
Total Food Varies by age /ka Bw/da Data obtained from CSFIIl (USDA 1998) and custom distributions for age, gender were derived
Consumed and gender 9’kg Y| for total intake in a day. 50% of total intake was assumed to contain some antifoam.

Dow Corning Corporation
= Conc of 20044, 2007; European
3| Antifoam Antifoam in 5 mg Triangular 0 5 10 Commission 2011; Dow
< Food Corning Corporation 1999;

USFDA 2012

Cor_1c of D4 in 0.49 Fraction Constant Dow Corning Corporation
antifoam 1999
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Table 5-9. Oral exposure parameters for Monte Carlo analysis (Gentry et al. 2017)

Value for Median / Source (as cited in
Exposure Parameter Both Units Distribution Min Most Max Mean/Std? Gentry et al. 2017)
Genders Likely y '
Bioavailability | 0.12 Fraction Normal 0.08 0.15 0.12/0.01 ?gg"scom'”g Corporation
Soil
50 mg Constant USEPA 2011
Consumed
sC;FC ofDsin | 59 ug/kg of dirt | Uniform 3 74 Norden 2005
Soil Conversion
frommgtokg |1x10° Constant
and pg to mg
Bioavailability | 0.52 Fraction Normal 0.37 0.67 0.52/0.05 ?gg"scom'”g Corporation
Amount AA
AG per use 0.01 g Lognormal 0.01/3.29 (G) | Meeks 2005
c - -
o Frequency of 4 times/day Triangular 1 4 12 Dow Corning Corporation
° use 1999
< .
O Conc. of D4 in . .
AA AG 169 ug/g product | Triangular | 163 169 181 Dow Corning Corporation
oTC : 1999
) (children)
Antigas C fDai Dow Corning C i
onc. of D4 in . ow Corning Corporation
AA AG (infant) 21.5 Mg/g product | Triangular 21 21.5 39 1999
Bioavailability | 0.52 Fraction Normal 0.37 0.67 0.52/0.05 i)gg\éCornmg Corporation
s Body weight Varies by age kg See Body Weights Table S7 for specific body weights by age and CDC (2007-2010)
=S and gender gender
G Baby Bottle | Concentration |, mg Da /kg Triangular | 0.6 2.4 49 Zhang et al. 2012
Nipples of D4 product
/Pacifiers Product
/Sipper roduc . Dow Corning Corporation
Tubes welg?ht Baby 10 g Triangular 9.5 10 10.5 2004b, 2007
IStraws Bottle
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Table 5-9. Oral exposure parameters for Monte Carlo analysis (Gentry et al. 2017)

Value for Median / Source (as cited in
Exposure Parameter Both Units Distribution Min Most Max Mean/Std?®
. Gentry et al. 2017)
Genders Likely
Nipple/Pacifier
S
Product . .
. . . Dow Corning Corporation
weight Sipper | 5 g Triangular 4.75 5 5.25 2004b, 2007
Tubes
Product . Dow Corning Corporation
weight Straws | 2 9 Triangular | 1.9 2 2.1 2004b, 2007
Migration 0.0045 Constant Zhang et al. 2012
Factor
Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.52/0.0497 i)g;\éCornmg Corporation
Body weight Varies by age kg See Body Weights Table S7 for specific body weights by age and CDC (2007-2010)
and gender gender
Amount Varies by age Data obtained from CSFIIl (USDA 1998) and custom distributions for age, gender and food
o/kg Bw/day :
Consumed and gender product were derived.
Fish Root Plant Meat Milk K | _
. B crops leaves Broq e et al. 2009;
Food / Milk | Conc of Ds Values in mg/kg (Empirical Environmental Control
distributions) 4 |56 4 5 Center Co. Ltd. 2011;
0.0013 to 40 1.2x10 107 to 1.3x10 4.2x10~to _
_ . t0 0.055 t0 0.45 0.14 Norden 2005; NILU 2007
S 0.019
= Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.52/0.0497 ?S;VSC””'”Q Corporation
O
Subsistence Child Specific EFH
. USEPA (2006) Table 3-57
Fisherman | Amount Truncated b : .
. 25 g/day 0 73 25/29.2 Native American
Fish and Consumed Normal
Shellfish (consumers only) from
CRITFC 1994
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Table 5-9. Oral exposure parameters for Monte Carlo analysis (Gentry et al. 2017)

Value for Median / Source (as cited in
Exposure Parameter Both Units Distribution Min Most Max Mean/Std?
. Gentry et al. 2017)
Genders Likely
Brooke et al. 2009;
Environmental Control
Conc of D4 20 mg/kg 0.0013 40 Center Co. Ltd. 2011:
Norden 2005; NILU 2007
Conversion 1x10°3 Constant
from g to kg
Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.52/0.0497 i)g;\éCornmg Corporation
. Includes tap water and foods and beverages derived from tap water. Source: Canadian Ministry
Amount Varies 0O to . L
Consumed 2.36 Liday L/day of National Health and Welfare 1981. Tap water consumption in Canada. Document number 82-
' EHD-80. Public Affairs Directorate, Department of National Health and Welfare, Ottawa, Canada.
Water
Conc of D4 2x10* mg/L 3x107 4x10* Brooke et al. 2009
Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.52/0.0497 ?S;VSC””'”Q Corporation
Amount Based on the mean and max values from Table 15-1 in the Child Specific Exposures Factors
Varies by age | mL/day Handbook (USEPA 2006), Normal distributions were derived using the reported mean and 1/2 the
Consumed . : L
distance from the mean to the Upper percentile as the standard deviation.
Breast Milk | €onc of Da 2 po/L 2 2 10 Kaj et al. 2005
- Conversion
ot from mL to L 1x10° Constant
% and pg to mg
(@) . I . 0.52/ Dow Corning Corporation
Bioavailability | 0.52 Fraction Normal 0.37 0.66 0.0497 1998
Total Food Varies by age /ka Bw/da Data obtained from CSFIIl (USDA 1998) and custom distributions for age, gender were derived
Consumed and gender 9’kg Y| for total intake in a day. 50% of total intake was assumed to contain some antifoam.
Antifoam Conc of Dow Corning Corporation
Antifoam in 5 mg Triangular 0 5 10 2004b, 2007; European
Food Commission 2011; Dow
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Table 5-9. Oral exposure parameters for Monte Carlo analysis (Gentry et al. 2017)

Value for Median / Source (as cited in
Exposure Parameter Both Units Distribution Min Most Max Mean/Std?
Genders Likely Gentry et al. 2017)
Corning Corporation 1999;
USFDA 2012
Copc of D4 in 0.49 Fraction Constant Dow Corning Corporation
antifoam 1999
Bioavailability | 0.12 Fraction Normal 0.08 0.15 0.12/0.01 ?g;vchrnmg Corporation
Soil 100 mg/day Truncated | 400 100/182° USEPA 2006
Consumed Normal
. SC;:“C ofDain | 59 uglkg of dirt | Uniform 3 74 Norden 2005
2| Soil Conversion
o) frommgtokg |[1x10°° Constant
and pg to mg
Bioavailability | 0.52 Fraction Normal 0.37 0.67 0.52/0.05 i)gg\éCornmg Corporation

a8 Geometric Means and Standard Deviations are indicated with a G

b Standard deviation estimated. Truncated Normal distribution defined with minimum, mean and 95th%tile.
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Table 5-10. 95th Percentile on exposure in mg/kg BW/day from Monte Carlo analysis*

Exposure 0to 6 months mZ)-nltlhs <1to 4 years iégrg 4to 11 years 12 to 19 years 20 to 59 years 60 + years

Source

Both | Female | Male Both Both | Female | Male | Both | Female | Male | Female | Male | Female | Male | Female | Male

AP Spray 7.6E-3 6.9E-3 6.2E-3 5.2E-3 6.3E-3 5.3E-3
After Shave 1.7E-3 1.3E-3 1.3E-3
Antifoam 2.7E-3 1.7E-3 1.8E-3 1.2E-3 1.6E-3 1.3E-3 1.4E-3 1.1E-3 1.1E-3
Baby Bottle 1.5E-4 1.0E-4 | 8.3E-5
Nipple
Body Lotion 1.5E-2 1.5E-2 1.3E-2 1.2E-2 1.0E-2 8.8E-3 1.1E-2 9.0E-3
Conditioner 27E-6 | O.0E+00 | 1.7E-6 | 0.0E+00 | 1.4E-6 | 0.0E+00 | 1.4E-6 | 0.0E+00
Leave in
Conditioner 2.3E-7 0.0E+00 8.2E-8 0.0E+00 6.6E-8 0.0E+00 6.8E-8 0.0E+00
Rinse off
Dermal 6.6E-6 6.1E-6 2.9E-6 2.9E-6 1.7E-6 1.5E-6 1.4E-6 1.1E-6 1.4E-6 1.2E-6
Soothing
Vapor
Diaper 3.5E-4 3.3E4 1.8E-4 1.6E-4
Cream
Fish 8.9E-7 8.2E-5 1.3E-4 9.8E-5 1.1E-4 5.5E-5 7.5E-5 5.9E-5 6.0E-5 6.7E-5 5.8E-5
Foundation 3.7E-3 3.0E-3 3.1E-3
Greens 5.8E-8 3.8E-8 8.6E-8 7.1E-8 7.5E-8 6.2E-8 7.8E-8 8.1E-8 1.2E-7 1.1E-7 1.6E-6 1.3E-7
Hair Spray 5.2E-3 2.6E-3 4.2E-3 2.0E-3 4.3E-3 2.1E-3
Breast Milk 1.2E-3 7.9E-4 4.3E-4
Indoor Air 1.3E-3 1.2E-3 1.2E-3 1.2E-3 7.3E-4 8.0E-4 3.4E-4 4.2E-4 2.5E-4 2.9E-4 2.3E-4 2.6E-4
Lipstick 9.4E-5 7.6E-5 7.9E-5
Ingestion
Mascara 1.0E-4 8.5E-5 8.7E-5
Meat 1.2E-4 1.7E-4 3.0E-4 4.2E-4 2.9E-4 3.2E-4 6.5E-5 9.1E-5 5.6E-5 7.9E-5 4.9E-5 5.7E-5
Meat Not 1.3E-4 2.7E-4
Breastfed
Milk 1.1E-4 1.3E-4 9.6E-4 7.4E-4 3.8E-4 4.4E-4 1.1E-4 1.9E-4 5.5E-5 5.8E-5 6.4E-5 7.4E-5
Moisturizer 1.1E-3 9.1E-4 9.4E-4
Nail Care 9.5E-4 7.7E-4 7.9E-4
Over the 8.6E-5 4.4E-5 2.7E-4 2.5E-4 1.1E-4 1.1E-4 2.2E-6 2.0E-6 1.8E-6 1.5E-6 1.8E-6 1.6E-6
Counter
Anti-Gas
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Table 5-10. 95th Percentile on exposure in mg/kg BW/day from Monte Carlo analysis*

Exposure 0to 6 months mZ)-nltlhs <1to 4years iégrg 4to 11 years 12 to 19 years 20 to 59 years 60 + years
Source

Both | Female | Male Both Both | Female | Male Both | Female | Male | Female | Male | Female | Male | Female | Male
Outdoor Air 2.8E-3 2.6E-3 2.7E-3 2.5E-3 1.6E-3 1.7E-3 7.4E-4 9.2E-4 5.5E-4 6.5E-4 5.1E-4 5.7E-4
Pacifier 1.5E-4 1.0E-4 | 8.3E-5 6.1E-5
Roll on-AP 2.1E-3 2.9E-3 1.7E-3 2.1E-3 1.7E-3 2.2E-3
Root Crops 1.2E-5 1.5E-5 1.1E-5 9.2E-6 6.5E-6 7.0E-6 4.1E-6 5.0E-6 3.8E-6 4.5E-6 4.0E-6 4.3E-6
Shampoo 9.7E-6 1.6E-5 4.8E-6 7.7E-6 7.7E-9 1.2E-8 5.3E-9 3.0E-9 4.2E-9 2.3E-9 4.3E-9 2.4E-9
Sipper Tube | 7.7E-5 5.0E-5 | 4.1E-5 3.0E-5 1.7E-5 1.7E-5
Soil 3.0E-4 2.0E-4 1.6E-4 1.2E-4 6.6E-5 6.6E-5 7.1E-6 6.6E-6 5.8E-6 4.8E-6 5.8E-6 4.9E-6
Solid AP 3.0E-3 3.0E-3 2.4E-3 2.2E-3 2.5E-3 2.3E-3
Soothing 2.0E-4 1.8E-4 1.2E-4 1.3E-4 1.5E-4 1.8E-4 1.1E-4 1.3E-4 1.0E-4 1.1E-4
Vapor
Inhalation
Spray 1.2E-4 1.9E-4 5.7E-5 9.2E-5 2.4E-5 4.3E-5
Detangler
Straw 2.9E-5 1.9E-5 1.6E-5 1.2E-5 6.6E-6 6.7E-6
Subsistence 1.8E-4 9.6E-5 9.9E-5 1.1E-4 1.0E-4 9.3E-5 8.0E-5 9.5E-5 8.2E-5
Fish Eating
Sun Screen 7.0E-5 6.5E-5 8.5E-5 7.9E-5 7.0E-5 7.1E-5 6.1E-6 5.5E-6 4.9E-6 4.2E-6 5.1E-6 4.3E-6
Under Eye 1.2E-4 1.2E-4
Cream
Water 3.2E-7 2.1E-7 1.7E-7 1.3E-7 7.1E-8 7.1E-8 4.9E-8 4.9E-8 4.1E-8 4.9E-8 4.2E-8

* Consumer exposures listed in Table 5-8 amd general population exposures listed in Table 5-9.
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Table 5-11. Summary of general population inhalation exposures used by Gentry et al.

(2017)

Parameter Value
Air Concentration

Indoor 0.000766 ppm (10 pg/m?3)

Outdoor 0.0000153 ppm (0.2 pg/m3)
Exposure Duration — Indoor and Outdoor? 24 h/day
Frequency 7 days/week; 52 weeks/year
Inhalation Rates

Males 0.8 m3/hour

Females 0.7 m3/hour
Body Weights

Males 86.9 kg

Females 73.4 kg

#Since the PBPK maodel is set up for accounting for varying inhalation exposure during the day, 24 h
exposure to either indoor and outdoor air was assumed.

Table 5-12. Internal dose levels expressed as Area under the Curve (AUC) exposure from
inhalation for the general population (residential 20-59 yr olds; Gentry et al.,

2017)
Location AUC (mg-hr/L blood/day)
Men Women
Indoor (10 pg/m3) 1.9x10™* | 1.08x10™*
Outdoor (0.2 pg/m3) | 3.8x10°® | 2.15x107°
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Table 5-13. Summary of exposure estimates for adults, mg/kg-bw/day?

Adults 12-19 years 20-59 years 60 + years
Average (mg/kg-bw/d) M F M F M F
Dermal® 5.19E-03 | 9.90E-03 | 4.01E-03 | 8.32E-03 | 4.12E-03 | 8.56E-03
Inhalation 9.00E-05 | 7.36E-05 | 6.51E-05 | 5.61E-05 | 5.68E-05 | 5.21E-05
Updated inhalation® 1.03E-05 | 8.77E-06 | 7.94E-06 | 7.35E-06 | 6.07E-06 | 5.53E-06
Ingestion, general population 2.15E-04 | 2.20E-04 | 2.36E-04 | 2.81E-04 | 2.60E-04 | 3.25E-04
Updated ingestion, general population | 4.03E-06 | 4.32E-06 | 3.11E-06 | 3.66E-06 | 3.21E-06 | 3.86E-06
Ingestion, subsistence eaters 1.10E-03 | 1.22E-03 | 8.43E-04 | 9.97E-04 | 8.63E-04 | 1.03E-03

Updated ingestion, subsistence eaters | 3.03E-05 | 3.36E-05 | 2.65E-05 | 2.76E-05 | 2.40E-05 | 2.87E-05
Total exposure, general population 5.50E-03 | 1.02E-02 | 4.31E-03 | 8.66E-03 | 4.44E-03 | 8.94E-03
Updated total exposure, general 5.20E-03 | 9.91E-03 | 4.02E-03 | 8.33E-03 | 4.13E-03 | 8.57E-03
Total exposure, subsistence population | 6.43E-03 | 1.13E-02 | 4.95E-03 | 9.46E-03 | 5.08E-03 | 9.74E-03
Updated total exposure, subsistence 5.23E-03 | 9.94E-03 | 4.04E-03 | 8.35E-03 | 4.15E-03 | 8.59E-03

Adults 12-19 years 20-59 years 60 + years
90th percentile (mg/kg-bw/d) M F M F M F
Dermal® 1.53E-02 | 2.36E-02 | 1.18E-02 | 1.95E-02 | 1.21E-02 | 2.01E-02
Inhalation 1.48E-04 | 1.21E-04 | 1.06E-04 | 9.14E-05 | 9.31E-05 | 8.51E-05
Updated inhalation® 1.73E-05 | 1.47E-05 | 1.32E-05 | 1.23E-05 | 1.02E-05 | 9.32E-06
Ingestion, general population 1.38E-04 | 2.39E-04 | 1.14E-04 | 2.24E-04 | 1.17E-04 | 2.33E-04
Updated ingestion, general population | 4.94E-06 | 5.30E-06 | 3.82E-06 | 4.49E-06 | 3.92E-06 | 4.71E-06
Ingestion, subsistence eaters 7.58E-05 | 8.42E-05 | 5.84E-05 | 6.89E-05 | 5.97E-05 | 7.14E-05
Updated ingestion, subsistence eaters | 3.43E-05 | 3.80E-05 | 3.01E-05 | 3.12E-05 | 2.71E-05 | 3.24E-05
Total exposure, general population 1.59E-02 | 2.40E-02 | 1.24E-02 | 2.01E-02 | 1.28E-02 | 2.09E-02
Updated total exposure, general 1.53E-02 | 2.36E-02 | 1.18E-02 | 1.95E-02 | 1.21E-02 | 2.01E-02
Total exposure, subsistence population | 1.87E-02 | 2.70E-02 | 1.44E-02 | 2.24E-02 | 1.47E-02 | 2.31E-02
Updated total exposure, subsistence 1.54E-02 | 2.37E-02 | 1.18E-02 | 1.95E-02 | 1.21E-02 | 2.01E-02

& The highlighted cells reflect the results of the updated analysis; blue highlight indicates the updated cumulative
exposures. Unhighlighted from SEHSC (2008b)

b Aggregated dermal exposure from application of personal care products / cosmetics evaluated in the Canadian
assessment (as surrogate for household cleaners) was included as a conservative estimate of dermal exposure and
thus the total adult exposure likely overestimates actual exposure from EPA-regulated products.

“Inhalation values reflect only exposure from indoor and outdoor air.
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Table 5-14. Summary of exposure estimates for children, mg/kg-bw/day?

Children 0-6 months 6 months - 4 years | 4 years - 11 years
Average (mg/kg-bw/d) M F M F M F
Dermal® 6.82E-04 | 2.80E-06 | 9.98E-03 | 9.98E-03 | 2.38E-03 | 3.04E-06
Inhalation 2.53E-04 | 2.66E-04 | 2.37E-04 | 2.46E-04 | 1.60E-04 | 1.44E-04
Updated inhalation® 1.96E-05 | 1.98E-05 | 2.12E-05 | 2.03E-05 | 1.36E-05 | 1.23E-05
Ingestion, general population 3.98E-03 | 3.98E-03 | 2.16E-03 | 2.16E-03 | 5.44E-04 | 5.11E-04
Updated ingestion, general population | 3.36E-03 | 3.36E-03 | 2.36E-03 | 3.85E-03 | 7.33E-05 | 7.10E-05
Ingestion, subsistence eaters 8.81E-03 | 8.81E-03 | 4.25E-03 | 4.25E-03 | 1.38E-03 | 1.34E-03

Updated ingestion, subsistence eaters | 3.45E-03 | 3.45E-03 | 2.43E-03 | 2.43E-03 | 2.42E-03 | 8.87E-05
Total exposure, general population 1.38E-02 | 1.42E-02 | 4.71E-03 | 4.79E-03 | 1.16E-03 | 1.34E-03
Updated total exposure, general 4.06E-03 | 3.38E-03 | 1.24E-02 | 1.39E-02 | 2.47E-03 | 8.63E-05
Total exposure, subsistence population | 1.86E-02 | 1.91E-02 | 6.80E-03 | 6.88E-03 | 2.00E-03 | 2.17E-03
Updated total exposure, subsistence 4.15E-03 | 3.47E-03 | 1.24E-02 | 1.24E-02 | 4.81E-03 | 1.04E-04

Children 0-6 months 6 months - 4 years | 4 vyears - 11 years
90th percentile (mg/kg-bw/d) M F M F M F
Dermal® 1.47E-03 | 8.17E-06 | 6.13E-03 | 6.13E-03 | 7.84E-05 | 8.87E-06
Inhalation 4.21E-04 | 4.41E-04 | 3.96E-04 | 4.10E-04 | 2.68E-04 | 2.40E-04
Updated inhalation® 3.31E-05 | 3.34E-05 | 3.54E-05 | 3.39E-05 | 2.28E-05 | 2.05E-05
Ingestion, general population 7.61E-03 | 7.61E-03 | 4.07E-03 | 4.07E-03 | 8.56E-04 | 8.31E-04
Updated ingestion, general population | 5.45E-03 | 5.45E-03 | 3.85E-03 | 3.85E-03 | 1.49E-04 | 1.44E-04
Ingestion, subsistence eaters 9.13E-03 | 9.13E-03 | 4.83E-03 | 4.83E-03 | 1.24E-03 | 1.20E-03

Updated ingestion, subsistence eaters | 5.54E-03 | 5.54E-03 | 3.93E-03 | 3.93E-03 | 1.76E-04 | 1.71E-04
Total exposure, general population 2.41E-02 | 2.46E-02 | 2.41E-02 | 5.51E-03 | 2.02E-03 | 5.50E-03
Updated total exposure, general 6.95E-03 | 5.49E-03 | 1.00E-02 | 1.00E-02 | 2.50E-04 | 1.73E-04
Total exposure, subsistence population | 6.18E-02 | 6.40E-02 | 6.18E-02 | 8.44E-03 | 2.84E-03 | 3.35E-03
Updated total exposure, subsistence 7.04E-03 | 5.58E-03 | 1.01E-02 | 1.01E-02 | 2.77E-04 | 2.00E-04
8The highlighted cells reflect the results of the updated analysis; blue highlight indicates the updated cumulative
exposures. Unhighlighted from SEHSC (2008b)

> Aggregated dermal exposure from application of personal care products / cosmetics evaluated in the Canadian
assessment (as surrogate for household cleaners) was included as a conservative estimate of dermal exposure and
thus the total adult exposure likely overestimates actual exposure from EPA-regulated products.

“Inhalation values reflect only exposure from indoor and outdoor air.
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Table 5-15. Inhalation exposure parameters

Geo Geo
Route Parameter Units Source Distribution \Value Min Max Median |Mean Std Mean [Std
Conc. pg D4/m~3 air  [Tranand ([Triangular
Kannan 0.116 0.00619 0.752 0.116
. (2015)
Indoor air  |Breathing Rate m~3/day Pop Specific; See Breathing Rate worksheet
Conversion Mg to mg 1.00E-03
Retention Factor Fraction Reddy et al |Constant
(2007) 10%
Equation (Conc D4 * BR * conversion *retention/BW)
Conc. ug D4/m~3 air  |Yucuis et al[Triangular
(2013) 0.054 0.018 0.19 0.054
Outside air  [Breathing Rate m”3/day Pop Specific; See Breathing Rate worksheet
Conversion g to mg 1.00E-03
Retention Factor Fraction Constant 10%

Equation

(Conc D4 * BR * conversion *retention/BW)
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Table 5-16. Ingestion exposure parameters

j -
£ 5
8 o g
= Q 2 o]
g g £ s | Bs E S | 3 | & g | B |28|8% &
T g > 3 A s > > > U= >
I/Amount consumed a/kg BW/day CSFII Custom pop specific  [See Food Intake Distributions Worksheet
1994-96,
1998°
Conc. of D4 mg/kg of food Nusz et al [Custom
G 2018 0.0596
E
= Bioavailability Fraction Plotzke  |[Normal
n 1998b 0.500 0.3704 0.6686 0.5195 | 0.0497
©
c
& [Conversion g to kg 1.00E-03
& Equation (amount consumed * conc*conversion * bioavailability)
I/Amount consumed mL/Day US EPA [Custom See Water Consumption worksheet
2008,
2011c
Conc. of D4 ug D4/L water Nusz et al [Constant
0.03
2018
Bioavailabilit Fraction Plotzke  [Normal
Y 1998b 0.500 0.3704 0.6686 0.5195 | 0.0497
Conversion to mg and mL to Constant
o Vers! Ho o ma > 1.00E-06
‘;“ Equation amount consumed * conc*conversion * bioavailability/BW
Conc mg D4 /kg product [Zhang et |Custom 25
al. 2012
Product wt ] triangular 10 9.5 (10 10.5
Bioavailability Fraction Plotzke  |[Normal 0.281 0.108 0.4548 | 0.2814 |0.0578
1998b
Conversion kgtog 1.00E-03
E Equation if in Fraction of pop using (conc*product
S wt*bioavailablity/BW) else = 0
[l
Conc. pg D4 /kg dirt \Wang Custom 8
2013b
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Table 5-16. Ingestion exposure parameters

wt of Soil eaten mg/day U.S. EPA
2008
(Child-  Normal Ages
specific) 1-7 100
_ Adults 50
'(/5) Bioavailability Fraction Normal 0.500 0.3704 0.6686 0.5195 | 0.0497
mg to kg in wt of dirt* pg to
Conversion mg in conc Constant 1.00E-06
Equation conc*wt of soil eaten*bioavailability/BW
Amount consumed - g/day U.S. EPA |Custom
Adults 2008, 59 59 170
< 2011
£ |Amount consumed- g/day U.S. EPA (custom 19.6
= Children 2008 '
Nusz et al
g Conc. of D4 mg/kg of food 018 Custom 0.059
=
s Bioavailability Fraction Plotzke  |[Normal
8 ¢ 1998b 0.500 0.3704 0.6686 0.5195 | 0.0497
52
-é (—é_ Conversion g to kg 1.00E-03
7L Equation amount consumed * conc*conversion * bioavailability/BW
4 USDA 1998
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Table 5-17. Breathing rate distribution parameters for children and adults
Population | Sex | Distribution Source Value Min Most Likely Max
0-6 months M Triangular USEPA (2011) 3.38 2.19 3.38 5.06
F Triangular USEPA (2011) 3.26 217 3.26 4.81
0.5to4years| M Triangular USEPA (2011) 7.6 5.49 7.6 10.59
F Triangular USEPA (2011) 7.06 5.15 7.06 9.76
4-11 years M Triangular USEPA (2011) 10.59 7.32 10.59 15.22
F Triangular USEPA (2011) 9.84 7.07 9.84 13.76
12-19years | M Triangular USEPA (2011) 17.23 11.19 17.23 25.76
F Triangular USEPA (2011) 13.28 9.00 13.28 19.33
20-59years | M Triangular USEPA (2011) 17.48 12.86 17.48 24.02
F Triangular USEPA (2011) 13.67 9.91 13.67 18.98
60+ years M Triangular USEPA (2011) 12.96 8.89 12.96 18.72
F Triangular USEPA (2011) 9.8 6.24 9.8 14.85
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Table 5-18. Custom distributions

Subsistence Fisherman Children Amount of Fish Consumed

Data source

Table 10-20 Fish Consumption
Among Native American Children

g/day Percent (<5 years) Child-Specific EFH (U.S.
EPA 2008)
0 21.1
0.4 0.5
0.8 0.6
1.6 2.5
2.4 0.6
3.2 3.1
4.1 3.6
4.9 15
6.5 2.1
8.1 11.8
9.7 1.1
12.2 2.5
13 0.5
16.2 21.2
19.4 0.5
20.3 1
24.3 2.1
32.4 10.8
48.6 4.1
64.8 3.1
72.9 2.1
81 1
97.2 1.1
162 15
Mean g/day 19.6
D4 in Silicone Nipple mg/kg Zhang et al (2012)
2.7
2.7
2.5
2.4
49
9.4
4.5
0.6
15
0.6
2
Median D4 in silicone nipple 2.5
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Table 5-19. Updated daily total tap water intake distribution by age group

Source: Table 3-30 Tap Water Intake in Breastfed and Formula-fed Infants ... at Different Age Points (mL/day) (U.S.

EPA 2008)

Most Likely Value Mean SD Median P95 Max
Lognormal <1 year BF 50 130 180 50 525 1172
Lognormal <1 year NOT BF 440 441 244 440 828 1603

Table 3-29. Total Tap Water Intake (mL/day) for Both Sexes Combi

ned (Exposure Factors Handbook Chapter 3)

Lognormal Infants (<1) 240 302 258 240 775 1102
Lognormal | Children (1-10) 665 736 410 665 1516 1954
Lognormal | Teens (11-19) 867 965 562 867 2026 2748
Lognormal | Adults (20-64) 1252 1366 728 1252 2707 3780
Lognormal | Adults (>65) 1367 1459 643 1367 2636 3338
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Table 5-20. Measured D4 concentration in environmental media?!

1701939.001 - 3625

Fish (mg/kg)
2.36E-01
2.37E-01
1.44E-01
4.05E-01
5.72E-01
4.40E-02
3.77E-02
4.57E-02
4.26E-02
1.86E+00
3.48E-01
1.27E+00
6.92E-03
6.61E-03
9.48E-02
9.45E-02
9.42E-02
6.49E-02
9.23E-02
1.96E-01
1.61E-02
8.26E-03
7.83E-02
8.06E-02
1.92E+00
1.93E+00
1.75E+00
1.44E+00
1.40E+01
6.16E+00
3.92E+00
3.49E+00
1.23E-01
1.99E+00
2.14E+00
1.28E+00
9.30E+00
2.96E+00
8.34E+00
3.89E+00
4.12E+00
4.57E+00
5.99E-02
3.31E-02

Water (ug/L)
0.151
0.1615
0.03
0.0087123
0.010873
0.0092313
0.02
0.04
0.0114512
0.425
0.542
0.214
0.152
0.0816
0.141
0.265
0.64
0.63
0.04
0.0783
0.146
0.04
0.05
0.065
0.05
0.03
0.03
0.02
0.02
0.02
0.02
0.0120464
0.02
0.04
0.04
0.0126594
0.0132912
0.0007803
0.0032397
0.0058415
0.0097638
0.0082063
0.04
0.03
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8
8
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Table 5-20. Measured D4 concentration in environmental media?!

3.67E-01 0.04
1.63E+00 0.0040941
3.73E+00 0.0053957
2.58E+00 0.0067575
2.56E-02 0.05
1.39E-01 0.06
6.31E-02 0.055
1.35E-01 0.05
2.72E-02 0.06
6.15E-02 0.04
6.24E-02 0.0072297
3.18E-02 0.0014045
4.04E-02 0.0019071
5.36E-03 0.0062951
1.45E-02 0.0103108
1.07E-02 0.0077123
1.03E-01 0.003667
1.65E-01 0.0045234
8.50E-02 0.0049568
6.21E-02 0.02
1.54E-02 0.0139426
6.65E-02 0.03
2.48E-01 0.03
1.60E-01 0.03
2.08E-02 0.04
4.35E-02 0.02
6.49E-02 0.03
4.35E-02 0.02
8.33E-02 0.275
3.98E-02 0.295
6.58E-02 0.212
2.15E-02 0.0028084
1.78E-02 0.0146149
1.51E-02 0.0023676
1.45E-02 0.04
1.29E-02 0.05
1.25E-02 0.0153089
1.07E-02 0.06
2.44E-02 0.102
3.22E-02 0.04
8.49E-04 Median = 0.03
1.07E-03

1.30E-03

2.05E-03

2.55E-03

2.83E-03
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Table 5-20. Measured D4 concentration in environmental media?!

3.11E-03
2.03E-03
1.54E-03
9.34E-01
3.89E-01
9.47E-01
5.89E-01
6.80E-01
7.48E-01
1.14E+00
1.48E+00
1.32E+00
3.58E-01
2.96E-01
6.43E-01
1.79E-04
4.11E-04
3.72E-03
2.29E-03
6.30E-04
1.78E-03
2.41E-01
1.08E-01
1.68E-01
4.25E-03
2.07E-03
3.40E-03
6.55E-02
4.17E-02
2.84E-02
2.85E-02
9.06E-02
6.70E-02
9.84E-02
5.05E-02
5.51E-02
5.44E-02
8.30E-02
3.98E-02
3.62E-02
3.78E-02
4.59E-02
4.86E-02
1.76E-02
1.97E-02
2.60E-02
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Table 5-20. Measured D4 concentration in environmental media?!

1.75E-02
9.74E-03
2.97E-02
1.05E-02
3.37E-03
6.02E-03
4.84E-02
5.85E-02
5.10E-02
3.50E-02
6.27E-02
2.35E-02
6.27E-02
5.28E-02
3.57E-02
6.55E-02
5.34E-02
5.09E-02
2.43E-02
8.71E-02
2.00E-02
4.19E-02
6.92E-02
5.95E-02
1.10E-01
1.47E-01
1.36E-01
Median = 5.96E-02

! Concentrations in water and fish from Nusz et al. (2018); concentrations in soil from Wang et al.
(2013b)
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5.2 Ecological Exposure

This section provides information on the ecological exposure assessment for D4. The approach
used incorporates the expected requirements in the Final Rule (Procedures for Chemical Risk
Evaluation under the Amended Toxic Substances Control Act, 82 Fed. Reg. 33726; U.S. EPA
2017b) and moves beyond the standard deterministic hazard quotient technique to incorporate
additional advanced methods for characterizing risk. A conceptual model of D4 release and
exposure pathways to ecological receptors, and key sources of information used for this
evaluation, are described in Section 4.2.2. Ecological risks to marine, estuarine, and terrestrial
ecological receptors are not included in this risk characterization because the highest D4
concentrations have been found in freshwater in urban settings and near industrial wastewater
treatment plants. Marine environments would be further from these discharge sources and
concentrations of D4 would be lower. Exposure to terrestrial ecological receptors is expected to
be much lower than aquatic exposures based on how D4 is produced and used, and its
environmental fate properties which minimize persistence in the relevant media. Due to its
volatility, D4 released to the atmosphere becomes significantly diluted, and indirect photolytic
degradation reduces airborne concentrations further. Therefore, inhalation by terrestrial wildlife
or transpiration by terrestrial plants are not considered significant exposure pathways. As
discussed in Section 4.2.2, terrestrial ecological receptors could be potentially exposed through
deposition of airborne D4 or land application of biosolids (treated sewage sludge from
wastewater treatment plants). However, presence of D4 in soil through airborne deposition is
expected to be negligible, and accumulation in soil via application of biosolids would not be
anticipated due to dispersion, volatilization, and degradation. In addition, it is estimated that <1%
of agricultural lands use biosolids as a fertilizer (Lu et al. 2012). Moreover, potential exposures
from soil are expected to be low and short-term due to the moderately high binding coefficient of
D4 to soil carbon, its tendency to degrade rapidly from dry soils, and its inherent volatility from
water and wet soils (Bridges and Solomon 2016; Brooke et al. 2009; Xu and Kropscott 2012; Xu
et al. 2014; Xu and Chandra 1999).

Therefore, the goal of the ecological risk characterization is to assess and quantify potential risks
to ecological receptors from D4 exposures in freshwater aquatic ecosystems. This assessment

was accomplished using distributions, rather than conservative point estimates, of exposure with
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measured concentrations of D4 to obtain a realistic view of the probability of harm. This is
consistent with EPA’s stated intent to “strive to utilize probabilistic approaches for exposure

assessments used in a risk evaluation” (U.S. EPA, 2017b).

5.2.1 Release Pathways of D4 into the Environment

The potential release pathways of D4 from industrial and consumer sources into the environment
from manufacturing, processing, and formulating facilities (MPFs), and from industrial and
consumer end users are discussed in Section 4. The major environmental release pathways for

D4 (shown in Figure 4-4, D4 Ecological Risk Conceptual Model) can be categorized as follows:

1. MPF facilities using on-site waste water treatment with direct discharge to a
surface water body; these are referred to as “on-site treatment sites,” or OT
2. MPF facilities discharging to municipal WWTP, with discharge to a surface
water body
3. Down the drain releases from consumer products to a municipal WWTP, with
discharge to a surface water body.
4. Subsequent transfer of D4 from the surface water to sediment compartments.
Based on the conceptual model, these release pathways contribute D4 residues to the
ecologically-relevant compartments of surface water and sediment. A recent monitoring dataset

available for freshwater sites within the U.S. was used to characterize exposure of ecological

receptors to D4 in this assessment.

522 Data Collection

Environmental monitoring data were collected during a U.S. national monitoring program for D4
under an ECA between EPA and a group of five signatory companies. The results of the analyses
performed under the ECA provided measured concentrations of D4 in the following media:
effluent from MPF facility WWTPs; influent and effluent of municipal WWTPs; biosolids of

municipal WWTPs; and surface water, sediment, and biota (benthic invertebrate and fish
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species) within the mixing zones of receiving waters. An overview of the sites sampled in the
ECA is provided in Table 5-21.

Sites listed in Table 5-21 were sampled twice during 2016, with at least a 3-month interval
between the sampling events. All sampling events occurred between April 21, 2016, and
December 15, 2016 during low-flow months for the receiving waters. Samples were taken during
typical weather conditions and a minimum of three days after a high-flow weather event, e.g., a
heavy rainstorm. Surface water, sediment, and biota (i.e., fish and benthic organisms) were
collected during both sampling events for all sites. Four MPF sites included in the ECA
monitoring program discharge process wastewater into the environment after on-site treatment,
referred to hereafter as “on-site treatment sites” or OT sites. Five municipal WWTP sites were
monitored as part of the ECA; these WWTPs were selected due to the potential to receive
indirect discharge from D4 processors and/or formulators (i.e., D4 reasonably expected in the
WWTP influent; these sites are referred to hereafter as “industrial sites”). Upstream processors
and formulators were identified through industrial user surveys and other information sources
and used to select the WWTPs. Five other municipal WWTP sites selected for monitoring were
representative of locations that receive <15% of wastewater from industrial sources and no
wastewater from D4 manufacturing or processing (including product formulation) sites; these
WWTPs are referred to hereafter as “residential sites.” Additionally, for both the residential and
industrial dischargers, WWTP sites were selected based on large discharge rates relative to the
receiving body flow rate (low dilution). These WWTP sites had activated sludge treatment with
secondary clarification and/or disinfection; additional forms of treatment were not used. A
widespread, geographic representation was also a selection criterion for the WWTPs (Table
5-21). The WWTPs selected for the industrial and residential sites were assumed to be
representative of the 15,000 to 20,000 municipal WWTPs in the continental United States.
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Table 5-21. ECA sampling overview (SEHSC 2016a)

Average
Approximate Approximate Base
Sampling Population Discharge Flowd
Site Type Location Site ID Served (cfs)® (cfs) Media sampled
Industrial sites (1): lowa City, 1A 11 74,000 11.2 1,510 influent,
municipal WWTPs effluent, and
receiving Columbus, biosolids (from
wastewater from OH 12 500,000 139.5 720 WWTP);
industrial D4 o surface water,
Processors or Wichita, KS? 13 345,000 55.8 485 sediment,
formulators benthic
Gresham, OR? 14 106,000 22.3 108,600 organisms,
) b and fish (from
Chicago, IL 15 2,292,000 1302 2,415 mixing zone)
Residential sites Steamboat influent,
(R): municipal Springs, CO R1 13,000 5.6 143 effluent, and
WWTPSs receiving biosolids (from
primarily Boulder, CO R2 18,000 24.2 23 WWTP);
residential waste? . surface water,
Lexington, KY R4 143,000 50.2 72 sediment,
Genesee, Ml  R5 121,000 55.8 355 benthic
42,000 13.0 111 i
Elmhurst, IL R6 ' ' and fish (from
mixing zone)
On-site Treatment effluent (from
sites (OT): D4 Processor, oT1 NA 0.1 154 WWTP);
MPF sites Adrian, Ml surface water,
sediment,
Manufacturer benthic
and organisms,
formulatOI’, oT2 NA 26 47,000 andﬂsh (from
Carrollton, KY mixing zone)
Processor,
Friendly, WV OoT3 NA 1674 15,200
Manufacturer,
processor,
and oT4 NA 14.9 6.200
formulator,

Waterford, NY

Notes:

Environmental media considered in the risk characterization are presented in bold font.

@ Receive less than 15% industrial wastewater and preferably no wastewater influent from D4
processors or formulators.

b These sites include two influent locations.

¢ cfs = cubic feet per second

4 Average monthly flow for period of record 2004-2014 for the base-flow months, where data are
available.

Samples were collected for each matrix during each sampling event at each site, including
quality control (QC) samples (field spike samples and field blank samples), study samples (field
split samples to be analyzed for D4 [one primary sample, one field duplicate sample]),
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characterization samples (e.g., for total organic carbon [TOC], percent lipids, etc.), and “retained
samples,” which were retained by the laboratory until after QA. Most of the environmental
matrices were sampled using grab samples with the exception of biosolids and benthic
organisms, which were collected using a composite sampling method. Two species of fish were
sampled at each location, and when possible, fish samples were from different trophic guilds.

Fish samples were composited as necessary to reach the minimum mass needed for analysis.

Table 5-22 shows the D4 and additional sample characterizations performed for each sample
type relevant to the ecological assessment (surface water, sediment, biota). Samples were
collected as close as reasonably possible to the effluent outfall, within the mixing zone. To verify
that sampling occurred within the mixing zone for WWTPs without a National Pollutant
Discharge Elimination System (NPDES) permit defined mixing zone, visual observation of the
plume, dye tracing, and/or evaluation of temperature-conductivity profiles were performed to

verify the mixing zone.

Table 5-22. Sample analysis performed per media type

Other Sample Characterization Performed
D4
Concentration Total Total Total
basis (dry or Percent | Percent | Organic | Inorganic Total Organic | Total
Media wet weight) moisture | Lipids Carbon carbon Carbon | Matter | Solids

Surface water | NA - ug/L Y
Sediment wet weight Y Y Y Y Y Y
Benthic Tissue | wet weight Y Y
Fish Tissue wet weight Y Y

Collection of surface water and sediment followed standard EPA collection methods (U.S. EPA
1994a,b, 2001) and included the collection of seven grab samples per sampling event at each
location. Of these seven grab samples, there were three investigative samples from each event
and location; other samples were collected and analyzed for QA purposes (including splits, field
spikes, and “retain” samples that were not analyzed unless a sample was compromised [e.g.,
bottle broke in transit]). Surface water samples were collected according to a SOP that reflected
EPA techniques (U.S. EPA 1994a). Surface water samples were collected as grab samples as

opposed to composite samples due to the expected high degree of volatilization of D4 from
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aqueous samples. Following surface water collection, samples were immediately transferred to
glass bottles with low-density polyethylene square film, polytetrafluoroethylene (“Teflon™) lined
lids, and Teflon-wrapped threads for closure. Water quality parameters of pH, temperature,
conductivity, and dissolved oxygen (DO) were measured at the time of sample collection using a
YSI 556 Multiprobe Water Quality Meter.

Sediment sampling locations were collected near surface water sampling locations, except at
sites devoid of fine-grained sediment. Three investigative samples per event, at each location,
along with QA samples, were also collected for benthic invertebrates, using Ponar dredging and
D-frame kick netting or debris picking and sediment vacuum pumps according techniques
provided by Powell and Woodburn (2009) and EPA (U.S. EPA 2003a). Sediment samples were
collected according to an SOP that reflected EPA techniques (U.S. EPA 1994b, 2001). Sediment
sampling locations were a function of bottom substrate type and the availability of fine-grained
sediment (i.e., <50% sand-sized particles). Following collection of the sediment by pre-cleaned
stainless-steel tools, samples were transferred to labeled polyethylene food storage bags. Each
sample was homogenized in its collection bag and transferred to a glass storage jar with a

Teflon-lined lid for storage until analysis.

Benthic invertebrate sampling was conducted in parallel with sediment sampling. When
necessary to obtain sufficient biomass, collection of benthic organisms continued at alternate
locations within the depositional zone (but not beyond 200 m from the effluent outfall) until
sufficient mass was obtained. Taxa were counted and identified to the lowest practicable taxon
prior to chemical analysis. As required by EPA in the ECA, mussels, clams, and crayfish were
not included within the benthic organism sampling (SEHSC 2016a). While these organisms are
not typically sensitive to organic chemical exposures (other than pesticides), they should be
considered in any future studies. Benthic organism collection continued until a target mass of
composited benthic organisms was collected (100 g), which was subsequently divided to prepare
the investigative composite benthic samples. To optimize the collection of benthic
macroinvertebrates at so many types of streams and rivers, several collection methods were

required. Area covered, level of effort, and collection methods sometimes varied between sites.
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An attempt was made to sample all available habitats for benthic invertebrates, including

macrophytes and organic debris.

For fish, six investigative samples were collected (three samples each from two species, and if
possible, from different trophic guilds), along with QA samples. Techniques for sample
collection included common seine nets, backpack or boat-mounted electroshocking, gill nets,
fyke or hoop nets, and/or rod and reel angling; the fish collections followed procedures provided
by EPA (U.S. EPA 2003b, 2011a), Powell and Woodburn (2009) and Zale et al. (2012). Methods
were site-specific and selected based on physical, behavioral, environmental, and regulatory
factors including water depth, flow rate, habitat, target species, species size, state regulations,
and the time of year (Zale et al., 2012). Permits or licenses were obtained for the biological
collection at all sites. Trophic guilds were determined according to Page and Burr (1991) and
local fish identification guides. Fish were measured (total length) and weighed (wet weight), and
a subset of fish at each site was composited for laboratory analysis of D4. At least two species of
fish from different trophic guilds were targeted to be sampled at each location, and samples were
composited as necessary to reach the minimum mass needed for analysis (i.e. 50 g). For each of
the two species, five (n = 5) individual fish (equal to or greater than 50 g each) or five (n =5)
composited samples (sufficient numbers to provide at least 50 g per sample) were collected for
analysis. Individual fish were double bagged using polyethylene food storage bags and frozen
before shipment. Composited whole-fish samples were placed in glass sample containers and

frozen before shipment.

QC and QA procedures were imperative, due to the potential for contamination of samples, and
the ubiquity/volatility of D4. QA/QC included collecting representative and unbiased samples of
abiotic and biotic media from sites. All sampling and analyses were completed in accordance
with TSCA Good Laboratory Practice (GLP) Standards (40 CFR 792); Code of Federal
Regulations 2011) to ensure field samples were collected, processed, stored, transferred, and
analyzed without cross-contamination. Since D4 is widely present in consumer products,
practices were undertaken to avoid the significant potential for sample contamination and
volatilization during collection, processing, storage, and analysis. Field and laboratory personnel

were required to refrain from using any personal care products that may contain any cyclic
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volatile methylsiloxanes (cVMS) materials (e.g., sun-block, sun-screen, hand lotion,
antiperspirants, etc.) while preparing for or conducting any activities. Furthermore, vehicles used
for field sampling were not cleaned with any products before field activities to avoid cross-
contamination from cleaning products containing D4. Further details can be found in the ECA
report, attached as Supplemental Information in Nusz et al. (2018).

5.2.3 Analytical Methods and Data Analysis

The samples collected at each site per event are presented in Table 5-23. Details of the analytical
methods and data analysis can be found in the ECA report, attached as Supplemental Information
in Nusz et al., 2018. A brief discussion is provided here. Once in the laboratory, samples were
prepared for chemical analysis. All water samples were extracted in the original sample jars, with
the addition of 10 mL of hexane/internal standard solution for the extraction. Sediment samples
were homogenized in the sample bags before aliquoting the individual analytical samples. All
analyses were performed within the period of stability as identified by the maximum holding
times specified in the quality assurance project plan (QAPP) plan. Lab water, reference sediment,
and rainbow trout field blank QC samples were analyzed after each event to evaluate whether
contamination bias was introduced. Field spike samples were analyzed to evaluate accuracy and
potential matrix effects on D4 recovery (Table 5-23). To verify spike recovery concentrations,
D4 solutions were spiked into solvent vials containing Internal Standard Working Solution
(ISWS) solvent during preparations of field spike QC samples for each matrix. Precision was

evaluated by calculating the relative percent difference (RPD) for each pair of field spikes.

Briefly, all samples were extracted with either hexane or tetrahydrofuran (THF). Sample extracts
were analyzed using capillary column gas chromatography (GC) with mass spectrometry (MS)
detection using electron impact ionization and selective ion monitoring (SIM), or GC/MS-SIM.
The D4 in the samples was identified by comparing the retention time and mass spectrum for the
sample peak with known D4 reference standards. Finally, D4 was quantified by a stable isotope
dilution technique, where the ratio of sample D4 response to an internal standard (**C-D4) was
used to minimize matrix effects. A minimum of five points were used in all the calibration
curves. Method validation protocols were based on the guidance document Validation and Peer
Review of U.S. Environmental Protection Agency Chemical Methods of Analysis (FEM Method
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Validation Team 2005), which identifies the need for selectivity, instrument calibration,
bias/trueness, precision, quantitation limits and ranges, detection limits, and ruggedness as

performance parameters addressed during method validation.

All laboratory analyses were conducted by ALS Environmental laboratory (Kelso, Washington)
according to TSCA GLP Standards (40 CFR 792; Code of Federal Regulations, 2011)) and the
laboratory's SOPs. The analysis of D4 is not a standard test regularly performed by commercial
laboratories. The analytical method for D4 was modified from existing procedures of Knoerr et
al. (2017) and Powell and Woodburn (2009, 2010) and validated by ALS/Kelso. The method
validation procedure included preparing validation protocols for each matrix, performing the
validation work, preparing analytical SOPs, and analyzing performance evaluation samples for
each matrix. The method detection limit (MDL) for D4 in each matrix was established based on
the validation data and the LOQ was 3% the MDL, while the minimum reportable level for D4
was defined by the lowest calibration standard. MDLs and LOQs for D4, TOC, lipid content, and
sediment moisture content for each matrix are presented in (Table 5-24). Before compiling the
environmental data, results went through data verification and review for usability (SEHSC
2016b). To combine replicates from a single sampling event, relative percent differences (RPDs)
between primary and duplicate D4 concentrations were calculated, and primary and duplicate
samples were combined according to the criteria in Table 5-25. For the six benthic organism
sampling events for which no duplicate samples were available due to lack of adequate biomass,

a single sample was used.
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Table 5-23. Investigative and quality assurance samples collected* per site per event

Investigative and QA Samples for D4 Analysis per Site per Event

Investigative and QA Samples for
Matrix Characterization per Site per

Tvpe Event
yp Sample
of Media No.of | NO-Of QA Xe)
Site NO.‘ Of. Investigative Field 3 No. of QA Total D4 No. (.)f TOC Lipid TCI/TIC/ITOC Water
Investigative Blanks Solvent 6 Retain 7
D4 : s Analyses Samples | Samples | Samples and TOM
Samples 2 and Field Spikes Samples B
Analyses Spikes* Samples
Municipal WWTP 1
Surface Water 3 6 6 1 13 2 3
10 Sediment 3 6 6 1 13 2 7 7
sites, i i
'2 Z:}s dh z()SpeC'es 1 6 12 4 1 17 4 8
Events i
Benthic 3 6 4 1 11 2 5
Organisms
On-site Treatment
4 Surface Water 3 6 6 1 13 2 3
S't;& Sediment 3 6 6 2 14 2 7 7
Fish (Species 1
Events and 2) 6 12 4 1 17 4 8
Benthic 3 6 4 1 11 2 5
Organisms
Notes:

* Not all samples resulted in successful analyses due to insufficient sample size and/or missing characterization data; refer to Table 5-26

1These include the WWTPs that received input from industrial users and the residential locations.

2Each investigative sample was split two ways and each split were separately analyzed for D4.

SField blanks include lab water, reference sediment, and rainbow trout QA samples.
“Field spike QA samples include both unspiked and spiked samples.
5Solvent spike results were used to evaluate field spike QA samples.

6Total number of samples analyzed for D4.
" Total carbon, total inorganic carbon, and total organic carbon.
8 Loss on ignition, total organic matter.
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Table 5-24. Method detection limits (MDLs) and limits of quantification (LOQs) for each

matrix and parameter

Matrix Parameter Units MDL LOQ
D4 po/L 0.02 0.06
Surface water
TOC mg/L 0.08 0.5
D4 ng/g wet weight 0.8 2.4
Sediment TOC % 0.02 0.05
Water Content % NA 0.01
) . D4 ng/g wet weight 1.9 5.6
Benthic Invertebrate Tissue
Lipid Content % NA 0.01
) ] D4 ng/g wet weight 1.9 5.6
Fish Tissue o
Lipid Content % NA 0.01
Notes:

NA = Not Applicable

Table 5-25. Decision criteria for combining duplicate ECA samples

Relative percent Value used in analysis

difference (RPD)

Relationship to Method
detection limit (MDL)

<20% different
>20% different

Both! greater than Mean of primary and duplicate

Both greater than Greater of primary and duplicate

Cannot calculate One greater than, other less than Use sample greater than MDL

Cannot calculate Both less than Value imputed by censored data analysis

Source: Nusz et al. 2018

! Primary sample and duplicate

Concentrations below the MDL were estimated using the regression on order statistics method
(Singh and Singh 2013). This method involves fitting a regression line to a normal probability
plot of uncensored observations and then imputing values for observations below the MDL in the
tail of the assumed normal distribution. After imputing the censored values, D4 concentrations
were normalized on a per-sample basis for appropriate sample characterization as follows: D4
concentrations in sediment were normalized for TOC content, and D4 concentrations in fish and
benthic invertebrate tissue were normalized for lipid content. Additionally, it was necessary to
convert D4 concentrations reported for sediment on a wet weight basis to a dry weight (dwt)

basis, using the percent moisture for each sample, to compare to toxicity test results.
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The sample sizes of available data from each media type and site that could be adjusted for lipid,
TOC, or moisture content are presented in Table 5-26. Out of the 420 unique sampling events
designated by the sampling plan, (i.e., 14 sites, 2 sampling events per site, and 3 samples each
for water, sediment, and benthic invertebrates, and 6 samples for fish during sampling events),
395 samples were analyzed (combining duplicate samples). Three additional sediment
concentration measurements were collected at site R2. Twenty-three benthic invertebrate and
five fish samples were not analyzed due to insufficient biomass. Of the 395 samples analyzed, 14
samples were missing lipid, TOC, or moisture measurements, making normalization of these
data results impossible; therefore, 381 unique D4 concentrations were used in further analyses
after preprocessing (Table 5-26). After results were compiled and preprocessed as described
above, cumulative distributions were derived for D4 concentrations measured in water, sediment,
benthic invertebrate tissue, and fish tissue using the open source statistical software R1 with the
ggplot2 (Wickham 2009) visualization tool.
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Table 5-26. Sample sizes of normalized ECA D4 concentrations

Site Surface Sediment Benthic Fish
Water Invertebrates
Normalized Not TOC & Lipids Lipids
by: Applicable Moisture
Content
oT1 6 3 6 12
oT2 6 6 3 12
OoT3 6 6 4 12
oT4 6 3 1 12
11 6 6 6 12
12 6 6 1 12
13 6 6 6 12
14 6 6 3 9
15 6 6 4 12
R1 6 6 6 12
R2 6 9 0 9
R4 6 6 3 12
R5 6 6 6 11
R6 6 6 6 12
Total pre- 84 87 61 163 Total 395
processing
Total not 0 6 6 2 Total 14
able to be
normalized
Total 84 81 55 161 Total 381
included in
the analysis
Notes:

Site ID defined in Table 5-21.

OT# reflects locations near MPFs with on-site treatment.

I# and R# reflect locations near WWTPs receiving industrial and residential discharges, respectively.
Total not normalized reflects 14 samples that were missing lipid, TOC, or moisture measurements.

5.2.4  Summary of Results from ECA Monitoring Study

Table 5-27 shows the range, median, and 95" percentile values for D4 measured in surface
water, sediment, fish, and benthic invertebrates by site type. Individual data can be found in the
ECA report, attached as Supplemental Information in Nusz et al. (2018). The results of an

additional sampling event performed in July 2017 at one of the on-site treatment locations were
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reported to EPA on October 20, 2017 (Flack 2017) are not included in the statistical analysis of
the ECA data. However, the concentration of D4 measured in those samples are less than the
median concentrations recorded for the site for all media during the ECA Monitoring Study. The
95" percentile values measured in all environmental media collected downstream from on-site
treatment sites were higher than media collected downstream from industrial and residential
WWTPs. The median concentrations measured in water downstream of on-site treatment sites
were higher but of the same order of magnitude as those measured downstream from industrial
and residential WWTPs; however, median concentrations measured in tissues and sediments
collected below on-site treatment sites were one to two orders of magnitude greater than those

collected below municipal WWTPs.
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Table 5-27

. Summary statistics of D4 concentrations

measured in environmental media

Media Surface Water Sediment Fish Benthic Organisms

Units pg/L ng/g TOC pmol/g Lipid pmol/g Lipid
Site type on-site || qustrial | Residential | -9 | |ndustrial | Residential | .07 | industrial | Residential | -O™S"€ | |ndustrial | Residential

Treatment Treatment Treatment Treatment

Number of 24 30 30 18 30 33 48 57 56 14 20 21
samples
Min 0.008712 | 0.00078% | 0.001402 903 0.00531 0.651 0.000334 | 4.70E-05 | 3.69E-06 0.045399 | 0.000147 | 1.63E-05
Max 0.640 0.0600 0.295 496000 956 2910 1.05 0.109 0.0232 1.65 0.157 0.0114
Median 0.0800 0.0200 0.0200 7410 48.4 201 0.0693 0.00414 0.00415 0.197 0.00818 0.00276
95t percentile 0.617 0.0578 0.247 446000 610 801 0.626 0.0796 0.0168 1.37 0.0973 0.0103

Notes:

a Concentrations of D4 in water are below the MDL values because a number of the results were below detection, and concentrations below the

MDL were estimated using the regression on order statistics method (Singh and Singh 2013).

1701939.001 - 3625

148




6 Hazard Assessment

6.1 Human Health Hazards

The toxicological database for D4 is extensive. A unique component of this database is the

harmonized multi-route PBPK model for both the rat and the human (Gentry et al. 2017).

The D4 toxicological database has been previously reviewed in the peer-reviewed literature as
well as by authoritative bodies or regulatory agencies (Table 6-1). The identified key documents

were the basis for this human health hazard assessment.

Table 6-1. Publicly available assessments of D4 human health hazard

Peer Reviewed Key Publications Regulatory and Authoritative Reviews
Scientific Committee on Consumer Safety
Dekant et al 2017a (SCCS), 2005; 2010

Gentry et al 2017* EC/HC (2008)*
Franzen et al 2017 REACH Registration Dossier (ECHA, 2019)
Dekant et al 2017b Cosmetic Ingredient Review (CIR), 2009
UK EA (Brooke et al. 2009)*
CSR, 2018

National Industrial Chemicals Notification and
Assessment Scheme (NICNAS), 2016

Scientific Committee on Cosmetic Products and
Non-Food Products (SCCNFP), 2005

YIncluded literature review

Literature searches were conducted and included in the peer reviewed literature (Gentry et al.
2017), and for the authoritative and regulatory reviews, specifically by the UK EA (Brooke et
al. 2009) and the EC/HC (2008). Therefore, the systematic review conducted pursuant to this

risk evaluation limited the literature search dates to 2008—present (see Section 2).

The studies included in the human health hazard assessment were of high quality as concluded
by the review publications and regulatory and authoritative reviews. Evaluations of the available
data are presented in Franzen et al. (2017), the CSR (2018), and Dekant et al. (2017b). Only
studies with a reliability score of 1 or 2, based on Klimisch scores, were included in these
assessments and evaluations. In addition, the relevance and quality of new data (post-2008)
were also evaluated in the systematic review, as described in Section 2. No new experimental

toxicological data that superseded the previously evaluated, high quality studies were found.
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Articles presenting additional information relative to mammalian toxicology data and human

exposure are described in Appendix C.

Summaries of the key points of the pharmacokinetic, acute toxicity, genotoxicity, and repeated
dose (including carcinogenicity and reproductive toxicity) studies are provided in the following
sections. Due to the numerous guideline compliant and mechanistic studies in the D4

toxicological database, only the results of key studies are summarized.

6.1.1 Absorption, Distribution, Metabolism and Elimination (ADME)

The toxicokinetics (ADME) of D4 is summarized in the CSR (2018) and evaluated by Franzen
et al. (2017). The toxicokinetics of D4 has been evaluated in the human and rat, in in vivo and in
vitro studies via inhalation, oral and dermal routes of exposure. Results from the ADME studies
indicate that dermal absorption of D4 is limited, due to its high volatility (dermal absorption
value of 0.5% has been identified for D4 (SCCS 2010; CSR 2018; Gentry et al. 2017; EC/HC,
2008). After inhalation exposure, a relatively small amount of inhaled D4 is absorbed
systemically (absorption of D4 by inhalation is 8% (CSR 2018)), distributed quickly throughout
the body, and readily eliminated through expired volatiles, urine or feces (Franzen et al. 2017).
The results from the available studies indicate that D4 has similar kinetics after single and
repeated inhalation exposure in rats (Franzen et al. 2017 and Pauluhn 2019). After oral exposure
to D4, there is evidence of dose dependent related differences in absorption and metabolism at
high doses (300 mg/kg bw/day) compared to lower doses (30 mg/kg bw/day) in rats (Franzen et
al. 2017). Additionally, oral absorption varies depending on the vehicle (Gentry et al. 2017;
Franzen et al. 2017). Estimates of oral absorption are 52% when D4 is administered in corn oil,
12% when administered in simethicone fluid and 28% when D4 was administered neat (Gentry
et al. 2017; EC/HC, 2008).

6.1.1.1 Saturation of Metabolic Capacity

Via inhalation, D4 exhibited saturable hepatic metabolism at dose levels ~300 ppm (Franzen et
al. 2017; Sarangapani et al. 2002). Domoradzki et al. (2017b) reports D4 demonstrated dose-
dependent kinetic behavior when low (30 mg/kg bw) and high (100 mg/kg bw) oral gavage dose

levels were evaluated. Data and modeling results suggest differences in metabolism between
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low and high dose administration indicating high dose administration results in or approaches

non-linear saturated metabolism (Domoradzki et al. 2017b).

6.1.1.2 Lack of Bioaccumulation

In generic PBPK modeling, highly metabolized, lipophilic compounds with low blood:air
partition coefficients do not accumulate systemically or in the blood after repeated exposure
(Anderson et al. 2008; Franzen et al. 2017). D4 is a highly metabolized lipophilic compound
with a low blood:air partition coefficient. In more detailed PBPK modeling conducted with
decamethylcyclopentasiloxane (D5), Anderson et al. (2008) concluded that lipophilic volatile
compounds (like D4 and D5) do not accumulate in blood and predictions of the increases in D5
(and D4) in fat with repeat exposures in rats agreed with experiments. Anderson et al. (2008)
states that the major characteristic favoring accumulation of volatile chemicals in blood and
systemic tissues is poor whole-body clearance, not lipophilicity and that the term
bioaccumulation should be used to refer to cases where repeat exposures lead to increases in
volatile compounds in blood (or central compartment) concentration. Based on this definition,
highly cleared volatile compounds, such as D4 and D5, would not be considered to
bioaccumulate on repeat exposures, which is consistent with the pharmacokinetic experimental
results. Pauluhn (2019) also concluded “Although some of the physicochemical characteristics
speak for bioaccumulation; this is unlikely to occur for a vapor exhaled unmetabolized and fast.
This renders sinks to become intermediary storage compartments with limited, if any, likelihood
for bioaccumulation”. Pauluhn also concluded “Kinetically, D4 is not expected to
bioaccumulate in the blood or systemic tissues due to its rapid clearance by multiple processes

(exhalation due to low blood: air partitioning, high hepatic metabolism).”

6.1.2  Acute Toxicity

Acute endpoints from key studies are summarized in Table 6-2. Following acute exposure, D4
poses a low hazard to human health across all routes of exposure (Franzen et al. 2017). The
available data indicates that D4 has no potential for adverse effects on the skin or eyes, or as a
sensitizer following contact with skin (CIR 2009; SCCS 2010; CSR 2018). Critical reviews and
evaluations of the available eye irritation, skin irritation and sensitization studies have

concluded that D4 is not a skin sensitizer, or a skin or eye irritant.
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Table 6-2. Summary of key studies on acute toxicity endpoints (adapted from CSR 2018)
Evaluation Klimisch
Method Endpoint Results Remarks (score based | score (from Reference
on review)! |CSR Report)?
Equivalent or similar to OECD Guideline  |[Mortality LD50: > 4800 mg/kg bw experimental result | Reviewed by 2 Loser E (1979)
401 (Acute Oral Toxicity) CSR18A
rat (Wistar) male
OECD Guideline 403 (Acute Inhalation Mortality LC50 (4 h): 36 mg/l air (male/female) experimental result | Reviewed by 1 Research and Consulting
Toxicity) CSR18A Company Ltd (RCC)
(1994)
rat (Fischer 344) male/female
inhalation: aerosol (nose only)
Equivalent or similar to OECD Guideline  |[Mortality LD50: > 2.5 ml/kg bw (male/female) experimental result | Reviewed by 2 Ramm W (1985)
402 (Acute Dermal Toxicity) CSR18A
rat (Wistar) male/female
Equivalent or similar to OECD Guideline  |Skin irritation |Not irritating experimental result | Reviewed by 2 Pasquet, J (1971)
404 (Acute Dermal Irritation / Corrosion) CSR18A
rabbit (albino)
Coverage: (shaved)
OECD Guideline 405 (Acute Eye Irritation / [Eye irritation |Not irritating experimental result | Reviewed by 2 Bayer Institute of
Corrosion) CSR18A Toxicology (1979)
Cornea score: 0 of max. 0 (mean) (Time point:
rabbit (New Zealand White) 24/48/72h)
Iris score: 0 of max. 0 (mean) (Time point: 24/48/72h)
OECD Guideline 406 (Skin Sensitization)  [Skin Not sensitizing experimental result | Reviewed by 1 Schmidt WM (1985)
sensitization CSR18A

guinea pig (albino) female
Induction: intradermal and epicutaneous
Challenge: epicutaneous, occlusive

No. with positive reactions:

1st reading: 0 out of 20 (test group); 48 h after challenge;
dose: 10%

1st reading: 0 out of 10 (test group); 48 h after challenge;
dose: 100%

1st reading: 0 out of 10 (negative control); 24 h after
challenge; dose: 10% or 100%

! Human health studies include a range of possible scores between 21 and 84 for animal toxicity, and 23 and 92 for in vitro studies. A higher score indicates a

higher unreliability.
2 CSR 2018 (CSR18A)
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6.1.3 Genotoxicity

Data presented in Table 6-3 show that D4 has no potential for genotoxicity. Studies in bacteria
or mammalian cells (in vitro chromosomal aberration and sister chromatic exchange assays)
indicate D4 is not genotoxic. In vivo studies (micronucleus and dominant lethal assay) also

indicate D4 is not genotoxic.
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Table 6-3. Summary of key studies on genotoxicity (adapted from CSR 2018)
Evaluation Klimisch
Method Endpoint Results Remarks (score based | score (from Reference
on review)! |CSR Report)?
OECD Guideline 471 (Bacterial Reverse Gene mutation | Negative with and without Doses: 0.0003 - 5.0 mg/plate (10 Reviewed by 2 Vergnes J (1993a)
Mutation Assay) (1983) metabolic activation concentrations, cytotoxicity test); 0.1-5.0 CSR18A
USEPA Fed Reg 50, 51, 51 (1987) mg/plate (5 concentrations, mutagenicity Vergnes et al. (2000)
Test results: test)
S. typhimurium, other: TA98, TA100, negative for Salmonella
TA1535, TA1537, TA1538 (metabolic typhimurium all strains tested; experimental result
activation: with and without)® metabolic activation: with and
without; cytotoxicity: no, but
tested up to limit concentrations
Equivalent or similar to OECD Guideline  |Gene mutation | Negative (with and without Doses: 0.0032 - 0.05 pl/ml. equivalent to | Reviewed by 2 Litton Bionetics (1978)
476 (In vitro Mammalian Cell Gene activation) 3.2-50 pg/ml CSR18A
Mutation Test) Isquith et al. (1988a)
Test results: experimental result
Mouse lymphoma L5178Y cells (met. act.: negative for mouse lymphoma
with and without) L5178Y cells (all strains/cell types
tested); metabolic activation.: with
and without; cytotoxicity: yes (at
50 pg/ml)
USEPA health effects testing Guideline 50  |Chromosome |Negative (with and without Doses: 0.0003 - 0.01 mg/ml, (without Reviewed by 2 Vergnes J (1993b)
(188) 40 CFR part 798 aberration activation) activation) 0.003 - 0.03 mg/ml (with CSR18A
Equivalent or similar to OECD Guideline activation) Vergnes et al. (2000)
473 (In vitro Mammalian Chromosome Test results:
Aberration Test) negative for Chinese hamster experimental result
Ovary (CHO)(all strains/cell types
Chinese hamster Ovary (CHO) (met. act.: tested); metabolic activation.: with
with and without) and without; cytotoxicity: yes
(0.01 mg/ml without activation,
0.003 mg/ml with activation)
Equivalent or similar to OECD Guideline  |Chromosome |Negative 0, 720 ppm (actual mean) (analytical Reviewed by 2 Vergnes et al. (2000)
474 (Mammalian Erythrocyte Micronucleus [aberration conc.) CSR18A
Test), in vivo Genotoxicity: Negative
(male/female); toxicity: no effects |experimental result
Rat (Sprague-Dawley) male/female (in bone marrow)
Inhalation
Equivalent or similar to OECD Guideline  |Chromosome |Negative 0, 100, 500, and 1000 mg/kg/day (actual | Reviewed by 2 Isquith A et al., (1988b)
478 (Genetic Toxicology: Rodent Dominant [aberration Test results: ingested (by gavage of gas CSR18A

Lethal Test) , in vivo

Rat (Sprague-Dawley) male/female
Oral: gavage

Genotoxicity: Negative
(male/female); toxicity: no effects

chromatographically analyzed test
substance))

experimental result

! Human health studies include a range of possible scores between 21 and 84 for animal toxicity, and 23 and 92 for in vitro studies. A higher score indicates a

higher unreliability.
2 CSR 2018 (CSR18A)

% Metabolic activation with and without the use of S9 fraction that is made from organ tissue homogenate.
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6.1.4 Repeated Dose Toxicity

Repeated dose toxicity studies are available for the inhalation, dermal, and oral routes of

exposure. The key studies are summarized in Table 6-4.

The key study, as identified by CSR (2018) and Dekant et al. (2017b), used to assess the
repeated dose inhalation toxicity of D4 is the combined repeated dose and carcinogenicity whole
body vapor inhalation study in rats (Jean and Plotzke 2017). Inhalation exposure of rats to D4
up to 700 ppm increased the absolute and/or relative kidney weights and resulted in a significant
increase in chronic nephropathy in both sexes of rats exposed for two years (lowest-observed-
adverse-effect concentration [LOAEC] = 700 ppm, no-observed-adverse-effect concentration
[NOAEC] = 150 ppm). Chronic progressive nephropathy (CPN) is a spontaneous degenerative
disease in the commonly used strains of laboratory rats, and its incidence and severity are
frequently exacerbated by chronic administration of chemicals (Hard et al., 2013). While the
underlying initial events of CPN in rats are not well defined, the available evidence indicates
that CPN is a distinctive disease entity in rats that has no human counterpart based on clinical
manifestation, disease progression, and influencing factors. Therefore, the kidney effects
observed after chronic inhalation of D4 at the highest concentration of 700 ppm likely have no

relevance for human risk characterization (Hard et al. 2013).

No toxicity was observed up to the highest dose tested in a 28-day dermal toxicity study (no-
observed-adverse-effect level [NOAEL] > 960 mg/kg; Bayer AG 1988). Decreased body weight
was reported in a 14-day oral toxicity study in rats (Dow Corning Corporation 1990; lowest-
observed-adverse-effect level [LOAEL] 1600 mg/kg based on decreased body weight, NOAEL =
400 mg/kg). Changes in liver weights without corresponding adverse histopathological or
clinical chemistry findings at 400 and 1600 mg/kg in this study are considered to be adaptive,

non-adverse effects (Dow Corning Corporation 1990).
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Table 6-4.

Summary of key studies on repeated dose toxicity (taken from CSR 2018)

Method

Endpoint

Results

Remarks

Evaluation
(score based

Klimisch
score (from

Reference

repeated dose toxicity

rat (Sprague-Dawley) male/female
subacute (oral: gavage)

LOAEL: 1600 mg/kg bw/day
(male/female) based on decreased
body weight

on review)? |CSR Report)®

USEPA OPPTS 870.4300 (Combined Repeated dose | NOAEC: 150 ppm (male/female) |10, 30, 150, and 700 ppm (nominal conc.) | Reviewed by 1 Batelle (2004)
Chronic Toxicity / Carcinogenicity) toxicity - LOAEC =700 ppm (male/female) |Vehicle: clean air CSR18A Jean and Plotzke 2017
equivalent or similar to OECD Guideline inhalation based on chronic nephropathy Exposure: Up to 24 months (6 hours/day, | Dekant et al.,
453 (Combined Chronic Toxicity / 5 days/week) 2017b
Carcinogenicity Studies)
Rat (Fischer 344) male/female (inhalation: Kidney effects observed after chronic
vapor) (whole body) inhalation of D4 at the highest

concentration of 700 ppm likely have no

relevance for human risk characterization

(Hard et al. 2013).
Equivalent or similar to OECD Guideline  |Repeated dose [ NOAEL: >= 1 ml/kg bw 0.1, 0.3, 1 ml/kg bw (96, 190, 960 mg/kg | Reviewed by 2 Bayer AG (1988)
410 (Repeated Dose Dermal Toxicity: toxicity - (male/female) bw) CSR18A
21/28-Day Study) dermal Exposure: 3 weeks (5 days/week)
Rabbit (New Zealand White) male/female
Subacute
Non-guideline range-finding study for oral [Repeated dose | NOAEL: 400 mg/kg bw/d 0, 25, 100, 400 or 1600 mg/kg bw/d Reviewed by 2 Dow Corning Corporation

toxicity - oral |(male/female) Exposure: 14 days CSR18A (1990)

NOAEC = no observable adverse effect concentration

NOAEL = no observable adverse effect level

LOAEC = lowest observable adverse effect concentration

LOAEL = lowest observable adverse effect level
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6.1.5 Carcinogenicity

The key carcinogenicity study is summarized in Table 6-5. In the combined repeated dose and
carcinogenicity study in rats (Batelle 2004; Jean and Plotzke 2017), an increase in the incidence
of endometrial epithelial hyperplasia and a significant positive trend for the incidence of benign
endometrial adenomas was reported at the highest concentration tested (LOAEC = 700 ppm). A
NOAEC of 150 ppm for D4 was determined for the uterine endometrial adenomas and
hyperplasia in the female rats (Jean and Plotzke 2017). The incidence of uterine adenomas alone
was not increased compared to concurrent controls and uterine adenomas are a common tumor

in aging female Fischer 344 rats (Jean et al. 2017).

Dekant et al. (2017a,b) evaluated the mode of action (MoA) of uterine effects in rats and the
human relevance of the effects. Mechanistic studies suggested that the endometrial tumors arise
because D4 may act as a dopamine agonist (Brooke et al. 2009; SCCS 2005). By maintaining
dopaminergic inhibition of prolactin secretion, female reproductive senescence is delayed,
which leads to prolonged stimulation of the endometrium and eventually to tumors. Differences
in the reproductive ageing process between humans and rodents render this mechanism
irrelevant to humans (Brooke et al. 2009) The available data suggest that the observed benign
tumors are not relevant to humans (Brooke et al. 2009; SCCP 2005). D4 is not genotoxic and
there was no appreciable direct hormonal activity of D4 demonstrated. Therefore, the induction
of the endometrial effects observed in the two-year inhalation study are likely due to
interferences of D4 with rat estrous cycle control that are only seen at doses that exceed the
metabolic capacity of animals (=300 ppm) and are not relevant to women (Dekant et al.
2017a,b; Franzen et al. 2017). In addition, the recent review by Pauluhn (2019) has suggested
that interferences of D4 with rat estrous cycle control may be secondary to high concentrations
(>Vsat) causing physical sensory stimuli phenotypically manifested as rodent (rat)-specific
adaptive (nociceptive) changes rather than human-relevant adversities. This hypothesis is

currently being explored by the Silicone Industry and is discussed further below in section 6.1.8.
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Table 6-5.

Summary of key studies on carcinogenicity (adapted from CSR 2018)

Method

Response

Results

Remarks

Evaluation
(score based
on review)?

Klimisch
score (from
CSR Report)®

Reference

USEPA OPPTS 870.4300 (Combined
Chronic Toxicity / Carcinogenicity)
equivalent or similar to OECD Guideline
453 (Combined Chronic Toxicity /
Carcinogenicity Studies)

Rat (Fischer 344) male/female
(inhalation: vapor) (whole body)

Carcinogenicity

NOAEC (carcinogenicity): 150
ppm (female)

LOAEC (carcinogenicity): 700
ppm (female) based on increased
uterine weight, increased incidence
of endometrial cell hyperplasia,
and an increased incidence of
endometrial adenomas

NOAEC (carcinogenicity): >=700
ppm (males)

10, 30, 150, and 700 ppm (nominal conc.)
Vehicle: clean air

Exposure: Up to 24 months (6 hours/day,
5 days/week)

key study

experimental result

Reviewed by
CSR18A
Dekant et al.,
2017b

1

Batelle (2004). 24-Month
combined chronic toxicity
and oncogenicity whole
body vapor inhalation
study of D4 in Fischer 344
Rats. Testing laboratory:
Batelle, Toxicology
Northwest, 900 Battelle
Blvd, PO Box 999,
Richland, WA 99354.
Dow Corning Internal
Report no.: 2004-10000-
54091 (2004-SSRP-2429).
Report date: 2004-08-16.
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6.1.6 Reproductive and Developmental Toxicity

Table 6-6 provides a summary of the key reproductive and developmental studies for D4.
Reproductive effects in rodents following inhalation exposure were reported in the toxicological
database for D4 and included: impaired fertility and reductions in the numbers of corpora lutea,
implantation sites and litter sizes. Based on the results of mechanistic studies (Dekant et al.
2017a,b; Brooke et al. 2009), the MoA for the reproductive toxicity of D4 in rodents is the
induction of a delay or blockage of the luteinizing hormone (LH) surge necessary for optimal
timing of ovulation in rodents. An insufficient or blocked pre-ovulatory LH surge fails to induce
or delays ovulation in the rat and results in the fertility effects as demonstrated with D4
(impaired fertility, reduction in the number of corpora lutea, implantation sizes and litter sizes).
This MoA is unlikely to be relevant to humans (Plant 2012; Dekant et al. 2017a,b) based on the
qualitative and quantitative differences between rat and human in estrous cyclicity and
neural/hormonal regulation of ovulation in humans. Furthermore, the reproductive effects
following D4 exposure were only seen at the two highest dose levels (500 and 700 ppm). It is
possible that these doses may have exceeded the rat physiological capacity to handle the
chemical thereby further calling into question the relevance of this effect in humans and/or as
discussed by Pauluhn (2019) that these effects are secondary to the presence of mixed aerosol
vapor at these higher exposure concentrations with subsequent physical sensory stimuli
phenotypically manifested as rodent (rat)-specific adaptive (nociceptive) changes rather than
human-relevant adversities. As a conservative endpoint, a NOAEC of 300 ppm was identified
from the rat reproductive studies with a LOAEL of 500 ppm (Gentry et al. 2017).

No effects on embryotoxicity or developmental toxicity (teratogenicity) were reported in
developmental toxicity studies in rats or rabbits by the inhalation route (International Research
and Development Corporation 1993a,b; York and Schardein 1994). Maternal toxicity was
reported at 500 ppm in rabbits based on reduced food consumption and at 700 ppm in rats based

on reduced food consumption and body weight (NOAEC for both rabbits and rats = 300 ppm).
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Table 6-6.

Summary of key studies on reproductive and developmental toxicity (adapted from CSR 2018)

Study)

Rabbit (New Zealand White)
Inhalation (whole body)

consumption at the LOAEC of 500

ppm
NOAEC (teratogenicity): >= 500

ppm

Exposure: day 6 - 18 of gestation (daily
for 6 h)

key study

experimental result

Evaluation Klimisch
Method End Point Results Remarks (score based | score (from Reference
on review)? |CSR Report)®

USEPA OPPTS 870.3800 (Reproduction two-generation| NOAEC reproductive effects (all): |70, 300, 500 and 700 ppm (nominal Reviewed by 1 WIL Research
and Fertility Effects) rat 300 ppm (male/female) conc.) CSR18A Laboratories, Inc (2001)
equivalent or similar to OECD Guideline reproduction |LOAEC reproductive effects: 500 |71, 298, 502 and 700 ppm (analytical Dekant et al.,
416 (Two-Generation Reproduction Toxicity [study ppm based on reductions in mean |conc. FO generation) 2017b Siddiqui, WH, DG Stump,
Study) live litter sizes and mean number |71, 301, 502 and 702 (analytical conc, F1 KP Plotzke, JF Holson,

of pups born were observed in the |generation) and RG Meeks (2007)
rat (Sprague-Dawley) male/female 500 and 700 ppm D4 groups for | Exposure: Exposure period: FO and F1
two-generation study the FO animals, and statistically males and females were exposed at least
inhalation (whole body) significant reductions were noted |70 days prior to mating, throughout

for the first mating period in the mating, gestation (to gestation day 20),

F1 animals for the mean live litter |lactation, with the exception of lactation

size in the 500 and 700 ppm days 0-4, until euthanization. Starting on

groups and for mean number of PND 22, F1 weanlings were exposed to

pups born in the 700 ppm group D4 as described for the FO generation.

The F2 pups were not directly exposed to

NOAEC (P): 300 ppm D4.

(male/female) Duration of test: approx. 39 months (6

LOAEC (P): 500 ppm based on hr/day, 7 days/week)

reductions in body weight gains at

500 ppm)
Equivalent or similar to OECD Guideline  |Developmentall NOAEC (maternal toxicity): 300 100, 300, 700 ppm (nominal and actual Reviewed by 1 International Research and
414 (Prenatal Developmental Tox