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EXECUTIVE SUMMARY

EPA has evaluated asbestos under the Toxic Substances Control Act (TSCA). Asbestos is a naturally
occurring fibrous silicate mineral. Although there are six types of fibers—chrysotile, crocidolite,
amosite, anthophyllite, tremolite, actinolite—chrysotile is the only asbestos fiber type known to be
currently imported, processed, or distributed for use in the United States. Asbestos was primarily used
as a fire retardant in construction but has also been used extensively in manufacturing—including for
use in diaphragms used to make chlorine and caustic soda, gaskets, brakes and other friction products,
cement water pipes, and in buildings materials such as floor tiles, insulation (including on hot water
and steam pipes), roofing and siding shingles, textured paint and patching compounds—among other
uses. Asbestos fibers known as fibrils can get in the air and eventually into a person’s lungs, which
may result in adverse health effects such as asbestosis (lung disease) and cancer including
mesothelioma (cancer of the abdominal lining) as week as lung, ovarian, and laryngeal cancers.

When asbestos was selected for TSCA risk evaluation in December 2016, EPA conducted its initial
risk evaluation on ongoing uses of chrysotile asbestos and excluded “legacy uses” (i.e., uses without
ongoing or prospective manufacturing, processing, or distribution for use) and “associated disposals”
(i.e., future disposal of legacy uses). In late 2019, a U.S. circuit court! held that EPA should not have
excluded legacy uses or “associated disposals” from the evaluation. Examples of legacy uses include
floor and ceiling tiles, pipe wraps, insulation, heat protective textiles containing chrysotile and other
fiber types. Following this court ruling, EPA determined that the complete risk evaluation for asbestos
would be issued in two parts. The final Risk Evaluation for Asbestos Part 1: Chrysotile Asbestos was
released in December 2020. This draft document presents Part 2 of the risk evaluation of asbestos and
focuses on supplemental analyses, including legacy uses of asbestos and associated disposals and a
limited consideration of talc containing asbestos.? Under the one-time asbestos reporting rule under
TSCA section 8(a), exposure-related information—including information on the presence, types, and
quantities of asbestos (including asbestos that is a component of a mixture) and asbestos-containing
articles that have been manufactured (including imported) or processed—will be provided to the
Agency in 2024, which will be considered in the final Part 2 risk evaluation consistent with TSCA
sections 26(h), (i), and (k), 15 U.S.C. 2625.

The uses of asbestos evaluated in this Part 2 draft risk evaluation include a wide range of exposure
scenarios and potentially exposed or susceptible subpopulations (PESS). One legacy use of asbestos is
as a fire retardant in building materials, which do not pose a risk until disturbed, but can be released
during construction, modification, or demolition of asbestos-containing materials (ACMS) in homes,
school, or commercial buildings. For example, exposure to asbestos can occur when construction
workers cut through pipes lined with asbestos, when do-it-yourself (DIY) home remodelers remove
asbestos-containing ceiling tiles, and when fire fighters enter buildings with disturbed asbestos during an
emergency. Relevant uses of imported talc products that may contain asbestos (i.e., fillers and putties
with talc containing asbestos and crayons with talc containing asbestos) were also considered, but there
were no reasonably available information identified to provide evidence that import of these products is
ongoing. The PESS with greatest risk from asbestos exposure include those with occupational exposure,
individuals exposed through DIY activities, children, and those who smoke with risk to respiratory
effects.

! See in Safer Chemicals, Healthy Families v. EPA, 943 F.3d 397 (9th Cir. 2019); note that the court upheld EPA’s exclusion
of “legacy disposals” (i.e., past disposals).

2 In addition to the final scope and this draft risk evaluation, EPA released the White Paper: Quantitative Human Health
Approach to be Applied in the Risk Evaluation for Asbestos Part 2 — Supplemental Evaluation including Legacy Uses and
Associated Disposals of Asbestos in August 2023. The White Paper focused on the quantitative human health assessment and
dose-response considerations for Part 2 of the risk evaluation.
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Asbestos Part 2 Unreasonable Risk to Human Health

Epidemiologic evidence indicates that exposure to asbestos is associated with a range of health effects
including mesothelioma, lung, ovarian, and laryngeal cancers, as well as asbestosis and other non-cancer
respiratory effects. EPA evaluated the risks of people experiencing these cancers and harmful respiratory
effects from being exposed to asbestos via occupational exposure, “take-home” exposure (workers and
others exposed to ashestos fibers that may have been transferred to their homes), people who conduct
DIY projects that modify products that can release asbestos (such as home renovation projects that
dismantle asbestos-containing tiles), and the general population with asbestos released into the
environment (such as ACMs released during a structure fire or demolished in a nearby building). When
determining unreasonable risk of asbestos to human health, the Agency also accounted for potentially
exposed and susceptible populations—workers, children, individuals exposed through DIY activities,
and smokers (see Table 5-25).

The risks from asbestos stem from disturbing asbestos either through direct modification or proximity to
the activity or associated materials. EPA expects that the highest asbestos exposure potential exists for
workers involved with cutting, sanding, or grinding asbestos-containing material on a regular basis; for
example construction workers routinely involved in demolition work (Section 5.1.1). Career fire fighters
represent another at risk occupationally exposed group. Similarly, for take-home exposures, the highest
asbestos exposure potential derives from workers with direct asbestos exposure who bring asbestos
contaminated clothing back home and expose those cleaning and handling the garments (Section 5.1.2).
Next, for consumers engaged in DIY projects, high concentrations of asbestos exposure may arise from
activities such as home maintenance, large scale renovations, and removal activities involving asbestos-
containing products when modified through sanding, grinding, drilling, etc. (Section 5.1.4). In contrast,
general population exposures to asbestos increase with proximity to asbestos emitting activities such as
those described above (Section 5.1.4). The highest excess lifetime cancer risk (ELCR) caused by
asbestos exposure was found to be associated with occupational exposures, followed by general
population, then DIY and take-home exposures. The risk of non-cancer effects such as localized pleural
thickening was similar across exposure scenarios evaluated.

While the exposure scenarios in the risk evaluation did not assume compliance with existing federal
regulation, the monitoring data used may reflect the existing federal, state, and local regulations
requiring proper management of ACMs. Under the Asbestos Hazard Emergency Response Act
(AHERA) under Title Il of TSCA, EPA issued regulations in the 1980s requiring local education
agencies (public school districts and non-profit private schools, including charter schools and schools
affiliated with religious institutions) to inspect their school buildings for asbestos, prepare asbestos
management plans, and perform asbestos response actions. AHERA also required EPA to develop a
model plan for states for training and accrediting persons conducting asbestos inspections and
corrective-action activities at schools and public and commercial buildings.

Under the Clean Air Act, the asbestos National Emission Standards for Hazardous Air Pollutants
(NESHAPs) regulations issued in 1973 specify work practices for asbestos to be followed during
renovations and prior to demolitions of all structures, installations, and buildings (excluding residential
buildings that have four or fewer dwelling units). Occupational Safety and Health Administration
(OSHA) regulates asbestos through standards for the construction industry, general industry, and
shipyard employment sectors. These standards require exposure monitoring, awareness training. When
asbestos exposure is identified, employers are required to establish regulated areas, controlling certain
work practices, instituting engineering controls, use administrative controls and, if needed, provide for
the wearing of personal protective equipment. OSHA standards also require proper handling of work
clothing to prevent “take-home” contaminated work clothing. Existing federal, state, and local asbestos
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regulatory requirements include work practices that reduce the release of asbestos fibers and therefore
may reduce exposure to people sufficiently to reduce risk below a level of concern. However, those
requirements do not apply to all work situations and EPA’s high-end estimates cover those situations
where existing regulations do not apply. That is why there are high-end estimates that exceed EPA’s
standard risk benchmarks: Existing regulations, while assumed to be effective at reducing exposure, do
not cover all activities considered in this draft risk evaluation. EPA focused on the high-end risk
estimates to represent situations where workers, including people hired to perform home renovation
work, may not be subject to existing asbestos regulatory requirements or follow work practices to reduce
asbestos exposure. EPA’s risk evaluation showed that there are situations where workers, including self-
employed persons hired to perform home renovation work, may not be subject to existing asbestos
regulatory requirements, or do not follow work practices to reduce asbestos exposure, or may not be
aware that asbestos is present at the worksite.

In this Part 2 draft risk evaluation, EPA’s assessment preliminarily determines that the following
asbestos conditions of use (COUs) contribute to the unreasonable risks of cancer and non-cancer
health effects:

e Industrial/commercial use — chemical substances in construction, paint, electrical, and metal
products — construction and building materials covering large surface areas — paper articles;
metal articles; stone plaster, cement, glass, and ceramic articles;

e Industrial/commercial use — chemical substances in construction, paint, electrical, and metal
products — machinery, mechanical appliances, electrical/electronic articles;

e Industrial/commercial use — chemical substances in construction, paint, electrical, and metal
products — other machinery, mechanical appliances, electronic/electronic articles;

e Industrial/commercial use — chemical substances in furnishing, cleaning, treatment care products
— construction and building materials covering large surface areas — fabrics, textiles, and apparel;

e Industrial/commercial use — chemical substances in furnishing, cleaning, treatment care products
— furniture and furnishings — stone, plaster, cement, glass, ceramic articles, metal articles, and
rubber articles;

e Consumer use — chemical substances in construction, paint, electrical, and metal products —
construction and building materials covering large surface areas — paper articles; metal articles;
stone, plaster, cement, glass, and ceramic articles;

e Consumer use — chemical substances in construction, paint, electrical, and metal products —
fillers and pultties;

e Consumer use — chemical substances in furnishing, cleaning, treatment care products — furniture
and furnishings — stone, plaster, cement, glass, and ceramic articles; metal articles; or rubber
articles; and

e Disposal — distribution for disposal.

The unreasonable risk is due to exposures to (1) people who handle asbestos products, (2) exposed
workers taking asbestos home, (3) non-professional do-it-yourself (DIY) exposure scenarios, and
(4) the general population within the vicinity of activities releasing asbestos to the environment.

The EPA preliminarily determined that the following asbestos COUs were not found to contribute to
unreasonable risks of cancer and non-cancer health effects:

¢ Industrial/commercial use — chemical substances in construction, paint, electrical, and metal
products — fillers and pultties;

e Industrial/commercial use — chemical substances in construction, paint, electrical, and metal
products — solvent based/water based paint;
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¢ Industrial/commercial use — chemical substances in products not described by other codes —
other (aerospace applications): based on the description of activities related to aerospace
applications;

e Industrial/commercial use — mining of non-asbestos commodities — mining of non-asbestos
commodities: based on data and information from MSHA and stakeholders, EPA has determined
that exposure to asbestos is unlikely;

¢ Industrial/ commercial use — laboratory chemicals — laboratory chemicals: based on EPA
analysis of vermiculite products, EPA does not expect any significant asbestos releases or
occupational exposures;

¢ Industrial/commercial use — chemical substances in automotive, fuel, agriculture, outdoor use
products — lawn and garden care products: based on EPA analysis of vermiculite products, EPA
does not expect any significant asbestos releases or occupational exposures; and

e Consumer use — chemical substances in automotive, fuel, agriculture, outdoor use products —
lawn and garden care products: based on EPA analysis of vermiculite products, EPA does not
expect any significant asbestos exposures to consumers.

Asbestos Part 2 Unreasonable Risk to the Environment

Although asbestos is no longer mined in the United States, releases of asbestos to the environment
persist due to legacy uses and associated disposals of asbestos containing materials such as old building
materials, brake pads, oil gaskets, and pipe insulation. The strong Si-O-Si covalent bonds found within
asbestos fibers are responsible for its inherent environmental stability, negligible water solubility, high
tensile strength, hardness, and inherent chemical inertness. Small asbestos fibers suspended in the air
eventually settle into soils and water bodies, where negligible solubility leads to deposition into
sediments and biosolids. EPA assessed exposures to aquatic organisms (surface water and sediment) and
terrestrial organisms (air, water, and soil), but found limited uptake of asbestos fibers in these
environmental media. Aquatic hazard data were available for asbestos from a total of six fish and
aquatic invertebrate (Asiatic clam) studies. No aquatic plant studies were reasonably available. EPA did
not characterize hazard to terrestrial species because the toxicological endpoints associated with the
ecological assessment of terrestrial species are not relevant for asbestos. Due to limited uptake of
asbestos fibers in the environment by animals and plants and limited adverse hazard effects, EPA
preliminarily determines that there is no risk of injury to the environment from asbestos that
would contribute to the unreasonable risk determination.

Unreasonable Risk of Asbestos as a Chemical Substance

As further explained in Section 6.1 of this draft risk evaluation, a single unreasonable risk determination
is made for asbestos as a chemical substance that includes both the conditions of use evaluated in the
2020 Risk Evaluation for Asbestos, Part 1: Chrysotile Asbestos and the conditions of use evaluated in
this draft Risk Evaluation for Part 2: Supplemental Evaluation Including Legacy Uses and Associated
Disposals. The unreasonable risk determination is based on the existing risk characterization section of
the 2020 Risk Evaluation, Part 1: Chrysotile Asbestos (Section 4) and does not involve additional
technical or scientific analysis. The draft risk determination for asbestos as a chemical substance is also
based on the risk estimates (Sections 4 and 5) presented for the conditions of use (Section 1.1.2) in this
draft Risk Evaluation for Part 2: Supplemental Evaluation Including Legacy Uses and Associated
Disposals.
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1 INTRODUCTION

Asbestos is a naturally occurring fibrous mineral with six types of fibers—chrysotile, crocidolite,
amosite, anthophyllite, tremolite, actinolite—however, chrysotile is the only asbestos fiber type known
to be imported, processed, or distributed for use in the United States. EPA has recently issued a final
rule under TSCA to prohibit the ongoing manufacture (including import), processing, distribution in
commerce and commercial use of chrysotile asbestos (89 FR 21970, March 28, 2024 (FRL-8332-01-
OCSPP)). Domestically, chrysotile asbestos was primarily used as a fire retardant in construction and
building materials but was most recently used in chlor-alkali diaphragms used to produce chlorine and
caustic soda, in sheet gaskets used in chemical manufacturing, brake blocks used on drilling rigs,
imported brakes and linings, other vehicle friction products and other gaskets. This document presents
Part 2 of the Risk Evaluation for Asbestos under the Frank R. Lautenberg Chemical Safety for the 21st
Century Act that amended TSCA in June 2016. The Agency began its risk evaluation of asbestos when it
was identified as one of the first 10 chemicals for risk evaluation under amended TSCA. Part 2 is a
response to the ruling from the court in Safer Chemicals, Healthy Families v. EPA, 943 F.3d 397 (9th
Cir. 2019) holding that EPA should not have excluded “legacy uses” or “associated disposals” from
consideration (see also Section 1.1). Examples of legacy uses include floor and ceiling tiles, pipe wraps,
insulation, and heat protective textiles containing chrysotile and other fiber types.

Section 1.1 provides an overview of the scope of Part 2 of the Risk Evaluation for Asbestos, including
production volume, life cycle diagram (LCD), conditions of use (COUs), and conceptual models used
for asbestos; Section 1.2 includes an overview of the systematic review process; and Section 1.3
presents the organization of this draft risk evaluation. Figure 1-1 describes the major inputs, phases, and
outputs/components of the TSCA risk evaluation process—from scoping to releasing the final risk
evaluation.

Existing Laws, Regulations, «  AnalysisPlan +  Public Comments on
Inbuts and Assessments +  Testing Results Draft RE
P Use Document Public Comments on «  Data Evaluation Process *  Peer Review Comments
Public Comments Draft Scope Document +  DataIntegration on Draft RE
Draft Scope |::> Final Scope ::> Draft Risk ::> Final Risk
Phase : .
Document Document :: Evaluation Evaluation
Cond?t‘lons of use, exposure, helnzards and »  Refined Conceptual Draft Risk Final Risk
Outputs potentially n_exposed orsusceptible Models Determination Determination
subpopulations (PESS) *  Refined Analysis Plan
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Figure 1-1. TSCA Existing Chemical Risk Evaluation Process

1.1 Scope of the Risk Evaluation
For Part 1 of the Risk Evaluation for Asbestos, EPA initially adopted the definition of asbestos as
defined by TSCA Title II (added to TSCA in 1986), section 202 as the “asbestiform varieties of six fiber
types — chrysotile (serpentine), crocidolite (riebeckite), amosite (cummingtonite-grunerite),
anthophyllite, tremolite, or actinolite.” However, a choice was made to focus Part 1 solely on chrysotile
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asbestos as this is the only asbestos fiber type that is currently imported, processed, or distributed in the
United States. EPA informed the public of this decision to focus on ongoing uses of asbestos and
exclude legacy uses and disposals in the Scope of the Risk Evaluation for Asbestos, released in June
2017 (U.S. EPA, 2017). However, as noted above, in late 2019, the court in Safer Chemicals, Healthy
Families v. EPA, 943 F.3d 397 (9th Cir.) held that EPA’s Risk Evaluation Rule (82 FR 33726 [July 20,
2017]) should not have excluded “legacy uses” (i.e., uses without ongoing or prospective manufacturing,
processing, or distribution for use) or “associated disposals” (i.e., future disposal of legacy uses) from
the definition of conditions of use (COUs)—although the court did uphold EPA’s exclusion of “legacy
disposals” (i.e., past disposals). Following that court ruling, EPA continued development of the risk
evaluation for the ongoing uses of chrysotile asbestos and determined that the complete risk evaluation
for asbestos would be issued in two parts. The Risk Evaluation for Asbestos Part 1: Chrysotile
Asbestos—also referred to as the “2020 Part 1 Risk Evaluation for Asbestos”, “Part 1 Risk Evaluation”,
and “Part 1”—was released in December (U.S. EPA, 2020c), allowing the Agency to expeditiously
move into risk management for the unreasonable risk identified in Part 1 for ongoing chrysotile COUs
with unreasonable risk.

EPA used reasonably available information, defined in 40 CFR 702.33, in a fit-for-purpose approach,
to develop a risk evaluation that relies on the best available science and is based on the weight of
scientific evidence. EPA evaluated the quality of the methods and reporting of results of the individual
studies using the evaluation strategies described in the Draft Systematic Review Protocol Supporting
TSCA Risk Evaluations for Chemical Substances (U.S. EPA, 2021).

Following the finalization of Part 1 of the Risk Evaluation for Asbestos, EPA OPPT immediately began
development of Part 2 of the Draft Risk Evaluation for Asbestos (Part 2 of the risk evaluation, or Part 2),
starting with the issuance of a draft scope document. The Final Scope of the Risk Evaluation for
Asbestos Part 2: Supplemental Evaluation Including Legacy Uses and Associated Disposals of Asbestos
(87 FR 38746) (EPA-HQ-2021-0254-0044; hereafter “Final Scope”) was released in June 2021,
reflecting consideration of public comments on a draft scope document. Although Part 1 of the Risk
Evaluation adopted the TSCA Title 11 definition of asbestos, the consideration of legacy uses and
associated disposals that will be evaluated in Part 2 warrant broader considerations as asbestos can be
co-located geologically with commercially mined substances. In particular, Libby amphibole asbestos
(LAA) is known to have been present with vermiculite, extracted from an open pit mine near Libby,
Montana, until the mine closed in 1990. Vermiculite was widely used in building materials which are an
important focus of the evaluation of legacy uses of asbestos. Thus, LAA (and its tremolite, winchite, and
richterite constituents) were considered in this Part 2 of the risk evaluation. EPA also determined the
relevant COUs of asbestos-containing talc, including any “legacy use” and ““associated disposal” where
asbestos is implicated in Part 2. Where the Agency identifies reasonably available information
demonstrating asbestos-containing talc COUs that fall under TSCA authority, these were also evaluated
in Part 2 of the risk evaluation.

In addition to the Final Scope and prior to this Part 2 draft risk evaluation, EPA released the White
Paper: Quantitative Human Health Approach to be Applied in the Risk Evaluation for Asbestos Part 2
— Supplemental Evaluation including Legacy Uses and Associated Disposals of Asbestos in August
2023 (U.S. EPA, 20230) (hereafter the “White Paper) for a 60-day comment period and an external
letter peer review. The White Paper focused on the quantitative human health assessment and dose-
response considerations for Part 2 of the risk evaluation. EPA has continued to focus the human health
assessment in Part 2 on epidemiologic evidence, evaluating cancer and non-cancer evidence and
conclusions from the existing EPA assessments in addition to other studies identified from a recently
conducted systematic review approach. The White Paper described the systematic review
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968  considerations and criteria for identifying studies for dose-response analysis, evaluated, and compared
969  existing cancer inhalation unit risks (IURs) and the non-cancer point of departure (POD) with the

970  results of the new systematic review, and proposed a cancer IUR and non-cancer POD for use in Part
971 2. Several key findings and conclusions from EPA’s White Paper are provided below:

972 e OPPT conducted systematic review to identify the reasonably available information relevant
973 for consideration in the quantitative human health approach to be applied in Part 2 of the Risk
974 Evaluation for Asbestos. This included identification of cancer and non-cancer epidemiologic
975 studies from oral, dermal, and inhalation routes of exposure.

976 e OPPT has not identified any cancer or non-cancer epidemiologic studies from oral or dermal
977 exposures that support dose-response analysis; therefore, OPPT is not proposing cancer or non-
978 cancer values for these routes.

979 e For inhalation exposures, OPPT has identified several inhalation epidemiologic studies (or
980 cohorts) for non-cancer effects, including some that were considered in the IRIS LAA

981 Assessment (U.S. EPA, 2014c). However, none of those studies warranted an updated dose-
982 response analysis for the non-cancer POD. OPPT is proposing to use the existing POD of

983 2.6x1072 fiber/cc from the IRIS LAA Assessment to assess non-cancer risks in Part 2 with
984 application of appropriate uncertainty factors (UFs).

985 e OPPT did not identify any inhalation cancer cohorts beyond those considered by previous EPA
986 assessments, including for cancers other than mesothelioma and lung cancer, which would
987 warrant an updated dose-response assessment.

988 e The existing EPA-derived IURs—0.23, 0.17, and 0.16 per fiber/cc—are based on lung cancer
989 and mesothelioma with quantitative adjustment for laryngeal and ovarian cancers in the

990 development of the IUR of 0.16 per fiber/cc in the Part 1 Risk Evaluation. Despite each value
991 being derived from different information and epidemiologic cohorts, and therefore having
992 different strengths and uncertainties, the values are notably similar and round to 0.2 per

993 fiber/cc. OPPT is proposing to use an IUR of 0.2 per fiber/cc in Part 2 of the Draft Risk

994 Evaluation for Asbestos.

995  An additional expansion of considerations in Part 2, pertains to the evaluation of human health effects,

996  consideration of risk from take-home exposures and general population exposures from environmental

997  releases. Although Part 1 focused on certain cancer outcomes known to be causally related to asbestos

998  exposure (IARC, 2012a, 1977), Part 2 considers non-cancer outcomes at the system level or higher.

999  Historically, there has been a focus on inhalation exposures in asbestos health assessments conducted by
1000 the EPA and other organizations, but there has also been interest in the updated literature on dermal and
1001  oral exposures. These routes of exposure are being considered in Part 2, which EPA agreed to consider
1002 as part of an agreement that was reached for the purpose of resolving a petition for review of Part 1 of
1003  the Risk Evaluation (see ADAO, et al. v. EPA, No. 21-70160 (9th Cir. Oct. 2021)). A broad range of
1004  health effects are examined in the asbestos epidemiologic literature including cancer (e.g.,

1005 mesothelioma, lung, ovarian, laryngeal, gastrointestinal cancers) and non-cancer (e.g., asbestosis, lung
1006  function decrements, pleural plaques/abnormalities, immune-related effects, cardiovascular effects)
1007  outcomes. This range of human health outcomes was presented in Figure 2-10 in the Final Scope, and an
1008 interactive version of this diagram is available Heat Map of Hazard Screening Results for Asbestos.

1009 1.1.1 Life Cycle and Production VVolume

1010  The Life Cycle Diagram (LCD)—which depicts the COUs that are within the scope of the risk

1011  evaluation during various life cycle stages, including industrial, commercial, and consumer uses of
1012  legacy asbestos materials, as well as talc and vermiculite products that may contain asbestos—was
1013  previously included in the Final Scope of the Risk Evaluation for Asbestos Part 2 (U.S. EPA, 2022D).
1014  The LCD has been updated since it was included in the Scope document. Specifically, the relevant uses

Page 23 of 405


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3827272
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3970851
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=3101245
https://hawc.epa.gov/summary/visual/assessment/100500278/Asbestos-Hazards-Evidence-Map-Asbestos-ONLY/
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=10661454

1015
1016
1017
1018
1019
1020
1021
1022
1023

PUBLIC RELEASE DRAFT
April 2024

of imported talc products that may contain asbestos (i.e., fillers and putties with talc containing asbestos,
crayons with talc containing asbestos, and toy crime scene kits with talc containing asbestos) have been
combined into a singular LCD shown in Figure 1-2. However, there were no reasonably available data
identified that provide evidence that import of these products is ongoing. Under the one-time asbestos
reporting rule under TSCA section 8(a), exposure-related information, including information on the
presence, types, and quantities of asbestos (including asbestos that is a component of a mixture) and
asbestos-containing articles that have been manufactured (including imported) or processed, will be
provided to the Agency in 2024, which will be considered in the final risk evaluation consistent with
TSCA sections 26(h), (i), and (k), 15 U.S.C. 2625.
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ASBESTOS (CAS RN 1332-21-4)

INDUSTRIAL, COMMERCIAL, CONSUMER USES WASTE DISPOSAL

Chemical Substances in Construction, Paint, Electrical, and Metal
Products

e.g., corrugated paper, roofing felt, cement, shingles, electrical panels,

transformers, fillers and putties, steel pipelines, and terminal insulators

Chemical Substances in Furnishing, Cleaning, Treatment Care Products
e.g., asbestos textiles, iron rests and burner mats, barbecue mitts, pot holders

Chemical Substances in Packaging, Paper, Plastic, Toys, Hobby Products
e.g., ashestos reinforced plastics, missile liner, mineral kits, crayons with talc
containing asbestos, toy crime scene kits with talc containing asbestos

Chemical Substances in Automotive, Fuel, Agriculture, Outdoor Use
Products
e.g., ashestos-containing vermiculite soil treatment

Disposal

v

Laboratory Chemicals

. . See Conceptual Model for
e.g., vermiculite packaging products

Environmental Releases and

Mining of Non-Asbestos Commodities Wastes
e.g., talc and vermiculite Industrial/
Commercial/
Other Uses Consumer Uses

e.g., artifacts in museums and collections, vintage cars, articles, curios, other
aerospace applications: RS-25 engine thermal isolator blocks

Non-TSCA Use
e.g., cosmetics and personal care products not covered by TSCA

1024
1025

1026  Figure 1-2. Legacy Asbestos Life Cycle Diagram
1027  See Table 1-1 for categories and subcategories of conditions of use. Potential exposures to fillers and putties with talc that contains asbestos are captured
1028  within the occupational and consumer exposure assessments and are not assessed separately.
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Descriptions of the industrial, commercial, and consumer use categories identified from the Instructions
for Reporting 2020 TSCA Chemical Data Reporting (U.S. EPA, 2020b) were used in the
characterization of legacy asbestos uses shown in the Life Cycle Diagram (Figure 1-2). The CDR
descriptions provide a brief overview of each use category; Appendix E contains more detailed
descriptions (e.g., process descriptions, worker activities, process flow diagrams, equipment
illustrations) for each industrial and commercial use.

1.1.2 Conditions of Use Included in the Risk Evaluation

The Final Scope document identified and described the categories and subcategories of COUs that EPA
planned to consider in the risk evaluation. In this Part 2 draft risk evaluation, EPA made an edit to the
COUs listed in the final scope document. The edit reflects EPA’s improved understanding of the COU
based on further review of all reasonably available information. The final scope document included the
following COU: “Industrial/commercial uses — chemical substances in packaging, paper, plastic, toys,
hobby products — toys intended for children’s use (and child dedicated articles), including fabrics,
textiles, and apparel; or plastic articles (hard).” After reviewing the information available, EPA
concluded that the mineral Kits identified are not used in an industrial or commercial settings, and any
possible use by a professor or a teacher would be represented by the consumer use of such articles. The
change also impacts the name of another related COU: “Industrial/commercial uses — chemical
substances in packaging, paper, plastic — Packaging (excluding food packaging), including rubber
articles; plastic articles (hard); plastic articles (soft).” The change is reflected in Table 1-1 presenting all
COUs for ashestos.

The conditions of use included in the draft risk evaluation are those reflected in the life cycle diagram
and conceptual models. These conditions of use were evaluated for chronic, and lifetime exposures, as
applicable based on reasonably available exposure and hazard data as well as the relevant routes of
exposure for each.
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Table 1-1. Conditions of Use (Life Cycle, Categories, and Subcategories) and Examples of Items/Applications in the Risk Evaluation
for Asbestos
Life Cycle Stage® Category® Subcategory® Item/Application Reference(s)

Construction and building Siding; corrugated paper (for use in pipe wrap insulation and | U.S. EPA (1989)
materials covering large appliances); commercial papers, millboard; rollboard,;
surface areas, including paper |specialty paper; roofing felt; cement; shingles; corrugated EPA 2021
articles; metal articles; stone, |cement; ceiling tiles; loose-fill insulation (asbestos- (vermiculite
plaster, cement, glass, and containing vermiculite); asbestos cement pipes and ducts webpage)
ceramic articles (water, sewer and air); asbestos (wallboard & joint

compound); wall protectors; air duct insulation; soldering

and welding blocks and sheets; stove gaskets and rings;

asbestos-coated steel pipelines; flooring felt; vinyl floor tiles
Machinery, mechanical Corrugated commercial and specialty papers; reinforced U.S. EPA (1989)
appliances, plastics for appliances such as ovens, dishwashers, boilers,
electrical/electronic articles | and toasters; miscellaneous electro-mechanical parts for

appliances including deep fryers, frying pans and grills,

mixers, popcorn poppers, slow cookers, washers and dryers,

refrigerators, curling irons, electric blankets, portable

Chemical heaters, safes, safety boxes, filing cabinets, and kilns and
Industrial/ Substances in incinerators

Commercial Uses

Construction,
Paint, Electrical,
and Metal
Products

Other machinery, mechanical
appliances,
electronic/electronic articles

Braking and gear-changing (clutch) components in a variety
of industrial and commercial machinery including combines,
mining equipment, construction equipment such as cranes
and hoists, heavy equipment used in various manufacturing
industries (e.g., machine tools and presses), military
equipment, marine engine transmissions, and elevators;
packings/seals in rotary, centrifugal, and reciprocating
pumps, valves, expansion joints, soot blowers, and other
types of mechanical equipment; electro-mechanical parts
including commutators, switches, casings, and thermoplugs;
arc chutes; electrical panels; transformers (high grade
electrical paper)

U.S. EPA (1989)

Fillers and putties

Adhesives and sealants; extruded sealant tape; rubber and
vinyl sealants; epoxy adhesives;

U.S. EPA (1989)

Solvent-based/water-based
paint

Coatings; corrugated coatings; textured paints; vehicle
undercoating

U.S. EPA (1989)

Electrical batteries and
accumulators

Insulator for terminals

U.S. EPA (1989)
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Life Cycle Stage® Category® Subcategory® Item/Application Reference(s)
Construction and building Asbestos textiles including yarn, thread, wick, cord, rope, U.S. EPA (1989)
. materials covering large tubing (sleeving), cloth, and tape
(Sihgr?lcal . surface areas, including
Fﬂrsi;?ﬁfs In fabrics, textiles, and apparel
Cleaning g Furniture & furnishings Iron rests; burner mats; barbecue mitts; pot holders CPSC-EPA 1979
Treatmen,t Care including stone, plaster, (44 FR 60056)
Products cement, glass, and ceramic
articles; metal articles; or
rubber articles
Chemical Packaging (excluding food Asbestos reinforced plastics U.S. EPA (1989)

Industrial/
Commercial Uses

Substances in
Packaging, Paper,
Plastic

packaging), including rubber
articles; plastic articles (hard);
plastic articles (soft)

Chemical Lawn and garden care Asbestos-containing vermiculite soil treatment U.S. EPA (2000a)

Substances in products

Automotive,

Fuel, Agriculture,

Outdoor Use

Products

Mining of Non- | Mining of non-asbestos Metal and nonmetal mines, surface coal mines, and surface | MSHA 2008 (41

Asbestos commodities areas of underground coal mines FR 11284)

Commodities

Laboratory Laboratory chemicals Vermiculite packaging products U.S. EPA (2000a)

chemicals (IHC World
2023)

Chemical Other (artifacts) Acrtifacts in museums and collections

Substances in
Products not
Described by
Other Codes

Other (aerospace
applications)

Other aerospace applications including RS-25 engine
thermal isolator blocks; high-performance plastics for
aerospace including heat shields, rocket motor casings, and
rocket motor liners

U.S. EPA (1989)
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Life Cycle Stage® Category® Subcategory® Item/Application Reference(s)
Construction and building Siding; corrugated paper (for use in pipe wrap insulation and | U.S. EPA (1989)
materials covering large appliances); commercial papers; millboard; rollboard;
surface areas, including paper |specialty paper; roofing felt; cement; shingles; corrugated EPA 2021
articles; metal articles; stone, |cement; ceiling tiles; loose-fill insulation (ashestos- (vermiculite
plaster, cement, glass, and containing vermiculite); ashestos cement pipes and ducts webpage)
ceramic articles (water, sewer, and air); Galbestos; fireplace embers; stove
gaskets and rings; flooring felt; vinyl floor tiles
Chemical Machinery, mechanical Corrugated commercial and specialty papers; reinforced U.S. EPA (1989)

Consumer Uses

Substances in
Construction,
Paint, Electrical,

appliances, electrical/
electronic articles

plastics for appliances such as ovens, dishwashers, boilers
and toasters; miscellaneous electro-mechanical parts for
appliances including deep fryers, frying pans and grills,
mixers, popcorn poppers, slow cookers, washers and dryers,

and Metal refrigerators, curling irons, electric blankets, portable
Products heaters, safes, safety boxes, filing cabinets, and kilns and
incinerators
Fillers and putties Adhesives and sealants; extruded sealant tape U.S. EPA (1989)
Solvent-based/water-based Coatings; textured paints; vehicle undercoating U.S. EPA (1989)
paint
Chemical Construction and building Asbestos textiles including yarn, thread, wick, cord, rope, U.S. EPA (1989)
Substances in materials covering large tubing (sleeving), cloth, tape
Furnishing, surface areas, including
Cleaning, fabrics, textiles, and apparel
grrggtun;fsm Care Furniture and furnishings, Iron rests; burner mats; barbecue mitts; potholders, and CPSC-EPA 1979
including stone, plaster, similar items (44 FR 60056)
cement, glass, and ceramic
articles; metal articles; or
rubber articles
. Packaging (excluding food Asbestos reinforced plastics U.S. EPA (1989)
Chemical

Substances in
Packaging, Paper,

packaging), including rubber
articles; plastic articles (hard);
plastic articles (soft)
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Life Cycle Stage® Category® Subcategory® Item/Application Reference(s)
Plastic, Toys, Toys intended for children’s | Mineral kits (QDOE, 2023)
Hobby Products |use (and child dedicated (WST, 2019)
articles), including fabrics,
textiles, and apparel; or
plastic articles (hard)
Chemical Lawn and garden care Asbestos-containing vermiculite soil treatment U.S. EPA (2000a)
Substances in products
Consumer Uses Automotive,

Fuel, Agriculture,
Outdoor Use
Products

Chemical
Substances in
Products not
Described by
Other Codes

Other (artifacts)

Vintage artifacts in private collections; vintage cars, articles,
curios

CPSC-EPA 1979
(44 FR 60056)

Disposal, including
Distribution for
Disposal

Disposal,
including
Distribution for
Disposal

Disposal, including
distribution for disposal

Avrticles containing asbestos, demolition debris

a Life Cycle Stage Use Definitions (40 CFR 711.3)
— “Industrial use” means use at a site at which one or more chemicals or mixtures are manufactured (including imported) or processed.
— “Commercial use” means the use of a chemical or a mixture containing a chemical (including as part of an article) in a commercial enterprise providing

saleable goods or services.
— “Consumer use” means the use of a chemical or a mixture containing a chemical (including as part of an article, such as furniture or clothing) when sold to
or made available to consumers for their use.
— Although EPA has identified both industrial and commercial uses here for purposes of distinguishing scenarios in this document, the Agency interprets the
authority over “any manner or method of commercial use” under TSCA section 6(a)(5) to reach both.

b These categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes, and broadly represent conditions of use of asbestos in industrial

and/or commercial settings.

¢ These subcategories reflect more specific conditions of use of asbestos.
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1.1.2.1 Conceptual Models
The conceptual model in Figure 1-3 presents the exposure pathways, exposure routes and hazards to
human populations from industrial and commercial activities and uses of asbestos. Figure 1-4 presents
the conceptual model for consumer activities and uses, Figure 1-5 presents general population exposure
pathways and hazards for environmental releases and wastes, and Figure 1-6 presents the conceptual
model for ecological exposures and hazards from environmental releases and wastes.
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CONCEPTUAL MODEL FOR HUMAN EXPOSURE FROM INDUSTRIAL AND COMMERCIAL ACTIVITIES AND USES

INDUSTRIAL AND COMMERCIAL ACTIVITIES / USES PATHWAYS EXPOSURE ROUTES POPULATIONS EFFECTS
EXPOSED
Chemical Substances in Construction, Paint,
Electrical, and Metal Products : Hazards potentially
""""""" | Workers, associated with
Chemical Substances in Furnishing, Cleaning, Fugiti Indoor Air | [ Y Occupational lifetime cancer
Treatment Care Products ug|t.|vt? bust} | | [ Non-Users and/or non-cancer
Emissions
Outdoor Air chronic exposures
Chemical Substances in Packaging, Paper, Plastic,
Toys, Hobby Products
Chemical Substances in Automotive, Fuel,
Agriculture, Outdoor Use Products
| Laboratory Chemicals (Vermiculite Packaging) |
| Mining of Non-Asbestos Commodities |
Other Uses (Artifacts in Museums, Other
Aerospace Applications)
KEY:
| Non-TSCA Uses | e | Grey text Pathways and Routes
Dermal . h that were not further
"""""""" | assessed
l - T -/-\a-\ """ L > —P Pathwaysand Routes
Waste Handling, | Tt ] | that were further
Treatment and >I| Dust, Solid Contact assessed
Disposal™ 1 J | - P Pathwaysand Routes
that were not further
l assessed

Wastewater, Solid Wastes, Air Emissions * Oral exposure may occur through incidental ingestion of asbestos residue on hand/body or through deposits in the upper respiratory tract that are

eventually swallowed.
** Includes wastes from industrial, commercial and consumer uses.

Figure 1-3. Conceptual Model for Industrial and Commercial Activities and Uses: Potential Exposure and Hazards

Some products are used in both commercial and consumer applications. See Table 1-1 for categories and subcategories of conditions of use. Distribution in
commerce not included in LCD. For the purposes of the risk evaluation, distribution in commerce is the transportation associated with moving chemical
substances in commerce. Unloading and loading activities are associated with other conditions of use. When data and information were available to
support the analysis, EPA also considered the effect that engineering controls and/or personal protective equipment have on occupational exposure level.
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CONCEPTUAL MODEL FOR CONSUMER ACTIVITIES AND USES: HUMAN POPULATION EXPOSURES/EFFECTS

CONSUMER ACTIVITIES/
USES?

Chemical Substances in Construction,
Pamt, Electnical, and Metal Products

Chemical Substances in Furnishing,
Cleaning, Treatment Care Products

Chemical Substances in Packaging. Paper,
Plastic, Toys, Hobby Products

Chemical Substances m Automotive, Fuel,
Agneulture, Outdoor Use Products

Chemical Substances in Products not
Described by Other Codes

EXPOSURE EXPOSURE
PATHWAYS ROUTES
“ \ .~
! ra
- rd

1 Activity-Based

Fiber Emissions

ol

Indoor / Outdoor

Suspended Fibers

Consumer Handling of Disposal and

Key:

Gray Text
Solid Arrow
Dash Arrow

Waste

l

Wastewater, Liguid Wastes and Solid
= Wastes (See Environmental Releases

Conceptual Models)

In]]ais%—h Bystanders

POPULATIONS

Consumers

. 3

Hazards Potentially
Associated with Lifetime
Cancer and'or Non-Cancer

Chronic Exposures

Pathways and routes that were not assessed
Pathways and routes that were further assessed
Pathways and routes that were not assessed

Figure 1-4. Asbestos Conceptual Model for Consumer Activities and Uses: Potential Exposures and Hazards

The conceptual model presents the exposure pathways, exposure routes and hazards to human from consumer activities and uses of asbestos.
& Some products are used in both commercial and consumer applications. See Table 1-1 for categories and subcategories of conditions of use.
b Human exposure occurs through inhalation of asbestos fibers released during activity-based scenarios.
¢ Populations for estimating exposure include potentially exposed or susceptible subpopulations (PESS).
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1077
1078  Figure 1-5. Asbestos Conceptual Model for Environmental Releases and Wastes: General Population Exposures and Hazards
1079  The conceptual model presents the exposure pathways, exposure routes and hazards to humans from releases and wastes from industrial, commercial,

1080  and/or consumer uses of ashestos.

1081  ?Industrial wastewater or liquid wastes may be treated on-site and then released to surface water (direct discharge), or pre-treated and released to publicly
1082  owned treatment works (POTW) (indirect discharge). For consumer uses, such wastes may be released directly to POTW (i.e., down the drain).

1083 " Populations for estimating exposure include potentially exposed or susceptible subpopulations.
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Pathways and routes that were not assessed

Figure 1-6. Asbestos Conceptual Model for Environmental Releases and Wastes: Ecological Exposures and Hazards

& Industrial wastewater or liquid wastes may be treated on-site and then released to surface water (direct discharge), or pre-treated and released to POTW

(indirect discharge). For consumer uses, such wastes may be released directly to POTW (i.e., down the drain).
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1.1.3 Populations Assessed
Based on the conceptual models presented in Section 1.1.2.1, Figure 1-7 presents the human and
ecological populations assessed in this Risk Evaluation. Specifically for humans, EPA evaluated risk via
inhalation route to workers and ONUSs; to do-it-yourself consumers and bystanders; and to the general
population from environmental releases, disposals, and take-home exposures. After a thorough and
comprehensive investigation of the reasonably available evidence on the hazards and risks associated
with asbestos, the epidemiological studies continue to show that asbestos exposure is associated with
lung cancer, mesothelioma, laryngeal cancer and ovarian cancer (Section 5). Thus, the EPA determined
that the human health hazards identified in its previous reports as well as those from other agencies are
still relevant and valid. The White Paper further summarizes the human health approach taken for Part 2
(U.S. EPA, 20230).

For environmental populations, EPA evaluated potential risk to aquatic species via water and sediment,
and risk to terrestrial species via inhalation exposure routes. Environmental risks were evaluated for
acute and chronic exposure scenarios, as applicable based on reasonably available exposure and hazard
data as well as the relevant populations for each.

| | ] ] ]
Take-Home Occupational Consumer General
Aquatic Terrestrial (Includes (Inclucts adojesesuts (Includes Population
reproductive age) {Includes fenceline)

children) children)
Surface . . . Surface Handler / Users / All
[ Water J [Sedlment} {Soﬂ} ‘ Alr Water [Bystander} Vi ONUs Bystander [Lifestages}
— 1 1]
!
‘ Terrestrial Species ‘ ‘ Inhalation ‘ ‘ Inhalation ‘ ‘ Inhalation ‘ ‘ Inhalation ‘ ‘ Inhalation ‘

‘ *PESS: Potentially exposed or susceptible subpopulations ‘

Figure 1-7. Exposures and Populations Assessed in this Risk Evaluation

1.1.3.1 Potentially Exposed or Susceptible Subpopulations
TSCA requires that risk evaluations “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 identified as
relevant to the risk evaluation by the Administrator, under the conditions of use.” TSCA § 3(12) states
that “the term ‘potentially exposed or susceptible subpopulation’ means a group of individuals within
the general population identified by the Administrator who, due to either greater susceptibility or greater
exposure, may be at greater risk than the general population of adverse health effects from exposure to a
chemical substance or mixture, such as infants, children, pregnant women, workers, or the elderly.”

This risk evaluation considers potentially exposed or susceptible subpopulations (PESS) throughout the
human health risk assessment (Section 5). Considerations related to PESS can influence the selection of
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relevant exposure pathways, the sensitivity of derived hazard values, the inclusion of particular
subpopulations, and the discussion of uncertainties throughout the assessment.

1.2 Systematic Review

The U.S. EPA’s Office of Pollution Prevention and Toxics (EPA/OPPT) applies systematic review
principles in the development of risk evaluations under the amended TSCA. TSCA section 26(h)
requires EPA to use scientific information, technical procedures, measures, methods, protocols,
methodologies, and models consistent with the best available science and base decisions under section 6
on the weight of scientific evidence. Within the TSCA risk evaluation context, the weight of the
scientific evidence is defined as “a systematic review method, applied in a manner suited to the nature of
the evidence or decision, that uses a pre-established protocol to comprehensively, objectively,
transparently, and consistently identify and evaluate each stream of evidence, including strengths,
limitations, and relevance of each study and to integrate evidence as necessary and appropriate based
upon strengths, limitations, and relevance” (40 CFR 702.33).

Systematic review supports the risk evaluation in that data searching, screening, evaluation, extraction,
and evidence integration and is used to develop the exposure and hazard assessments based on
reasonably available information. EPA defines “reasonably available information” to mean information
that EPA possesses or can reasonably obtain and synthesize for use in risk evaluations, considering the
deadlines for completing the evaluation (40 CFR 702.33).

In response to comments received by the National Academies of Sciences, Engineering, and Medicine
(NASEM), TSCA Scientific Advisory Committee on Chemicals (SACC) and public, EPA developed the
Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for Chemical Substances (U.S.
EPA, 2021) (hereinafter referred to as “2021 Draft Systematic Review Protocol”) to describe systematic
review approaches implemented in TSCA risk evaluations. In response to recommendations for
chemical specific systematic review protocols, the Draft Risk Evaluation for Asbestos Part 2 —
Systematic Review Protocol (U.S. EPA, 2023n) (also referred to as the “Asbestos Part 2 Systematic
Review Protocol”) describes clarifications and updates to approaches outlined in the 2021 Draft
Systematic Review Protocol that reflect NASEM, SACC and public comments as well as chemical-
specific risk evaluation needs. For example, EPA has updated the data quality evaluation process and
will not implement quantitative methodologies to determine both metric and overall data or information
source data quality determinations. Screening decision terminology (e.g., “met screening criteria” as
opposed to “include”) was also updated for greater consistency and transparency and to more
appropriately describe when information within a given data source met discipline-specific title and
abstract or full-text screening criteria. Additional updates and clarifications relevant for Asbestos Part 2
data sources are described in greater detail in the Asbestos Part 2 Systematic Review Protocol (U.S.
EPA, 2023n).

The systematic review process is briefly described in Figure 1-8, below. Additional details regarding
these steps are available in the 2021 Draft Systematic Review Protocol (U.S. EPA, 2021). Literature
inventory trees for each discipline (e.g., human health hazard) displaying results of the literature search
and screening, as well as sections summarizing data evaluation, extraction, and evidence integration are
included in the Asbestos Part 2 Systematic Review Protocol (U.S. EPA, 2023n).
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Figure 1-8. Diagram of the Systematic Review Process

EPA also conducted a search of existing major domestic and international laws, regulations and
assessments pertaining to asbestos. The Agency compiled this summary information from available
federal, state, international, and other government data sources Appendix B. EPA also identified key
assessments conducted by other EPA programs and other U.S. and international organizations.
Depending on the source, these assessments may include information on conditions of use (or the
equivalent), hazards, exposures, and potentially exposed or susceptible subpopulations (PESS). Some of
the most recent and pertinent assessments that were consulted include the following: U.S. EPA (2014c¢),
U.S. EPA (1988b), U.S. EPA (1989), and CPSC (1977).

1.3 Organization of the Risk Evaluation

This draft Part 2 risk evaluation for asbestos includes five additional major sections, a list of references,
and several appendices. Section 2 summarizes basic physical and chemical characteristics as well as the
fate and transport of asbestos. Section 3 includes an overview of releases and concentrations of asbestos
in the environment. Section 4 provides a discussion and analysis of the environmental risk assessment—
including the environmental exposure, hazard, and risk characterization based on the conditions of use
for asbestos. Section 5 presents the human health risk assessment, including the exposure, hazard, and
risk characterization based on the conditions of use. Section 5 also includes a discussion of PESS based
on both greater exposure and susceptibility, as well as a description of aggregate and sentinel exposures.
Sections 4 and 5 both discuss any assumptions and uncertainties and how they impact the asbestos risk
evaluation. Finally, Section 6 presents EPA’s proposed determination of whether the chemical presents
an unreasonable risk under the COUs.

Appendix A includes the abbreviations, acronyms, and terminology used within the document and
appendices as well as a Appendix A.2. Appendix B summarizes the details of asbestos regulatory and
assessment history. Appendix C provides a list of supplemental documents such as spreadsheets and risk
calculators. All subsequent appendices include more detailed analysis and discussion than are provided
in the main body of this draft Part 2 risk evaluation for asbestos.
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2 CHEMISTRY AND FATE AND TRANSPORT OF ASBESTOS

Physical and chemical properties determine the behavior and characteristics of a chemical that inform its
condition of use, environmental fate and transport, potential toxicity, exposure pathways, routes, and
hazards. Environmental fate and transport includes environmental partitioning, accumulation,
degradation, and transformation processes. Environmental transport is the movement of the chemical
within and between environmental media, such as suspension and deposition of asbestos fibers. Thus,
understanding the environmental fate of asbestos informs the specific exposure pathways, and potential
human and environmental exposed populations that EPA considered in this Part 2 of the risk evaluation.

Asbestos — Chemistry and Fate and Transport (Section 2):
Key Points

EPA considered all reasonably available information identified by the Agency through its
systematic review process under TSCA to characterize the chemistry and fate and transport of
asbestos fibers. The following bullets summarize the key points of this section:

e The strong Si-O-Si covalent bonds found within the silicate tetrahedra of asbestos fibers are
responsible for its inherent environmental stability, negligible water solubility, high tensile
strength, hardness, and inherent chemical inertness.

e Small asbestos fibers (<1 pm) can remain suspended in air and water and their deposition is
expected to be higher closer to the asbestos source and eventually settle to soils, water
bodies, and sediments.

e When in water, asbestos fibers will eventually settle into sediments and biosolids from
wastewater treatment processes.

e Uptake of asbestos fibers is not expected in terrestrial and aquatic organisms, under normal
environmental conditions.

e Incineration of asbestos fibers will result in morphological changes during recrystallization
yielding non-asbestos fibers and negligible releases to air.

2.1 Physical and Chemical Properties

EPA gathered and evaluated physical and chemical property data and information according to the
process described in the Asbestos Part 2 Systematic Review Protocol. During the evaluation of Asbestos
EPA considered both measured and estimated property data/information set forth in Table 2-1, as
applicable.

Asbestos is a generic commercial designation for a group of naturally occurring mineral silicate fibers
of the serpentine and amphibole series (IARC, 2012b). The Chemical Abstracts Service (CAS)
definition of asbestos is a grayish, non-combustible fibrous material. It consists primarily of impure
magnesium silicate minerals. Under TSCA for risk evaluation, EPA initially adopted the TSCA Title Il
definition of asbestos (added to TSCA in 1986), as the asbestiform varieties of six fiber types —
chrysotile (serpentine), crocidolite (riebeckite), amosite (cummingtonite-grunerite), anthophyllite,
tremolite or actinolite. The latter five fiber types are amphiboles, while chrysotile is of the serpentine
class. The Part 1 Risk Evaluation focused on chrysotile, which is the only asbestos fiber with ongoing
use. Part 2 focuses on other fiber types, including LAA. Table 2-1 shows the physical and chemical
properties for the six asbestos fiber types, as well as LAA. LAA is a mixture of amphibole fibers
identified in the Rainy Creek complex and present in ore from the vermiculite mine near Libby,
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Montana (U.S. EPA, 2014c). These fiber types are hydrated magnesium silicate minerals with relatively
long crystalline fibers.

In general, amphibole asbestos fibers have less surface area, and are more brittle and inflexible than
serpentine asbestos fibers (Badollet, 1951). Asbestos fibers used in most commercial applications
consist of aggregates and usually contain a broad distribution of fiber lengths. Amphibole asbestos fiber
bundle lengths usually range from a fraction of a millimeter to several centimeters, and diameters range
from 0.1 to 1.4 um (NLM, 2021; U.S. EPA, 2014c; Hwang, 1983; Le Bouffant, 1980).

The variations between serpentine and amphibole asbestos fiber types are likely due to differences in
their chemical compositions, leading to differences in microcrystalline surface structure. The amphibole
asbestos fiber types can be better understood as being a series of minerals in which cations are
progressively replaced (Na, Mg, replaced by Fe) (Virta, 2004). Amphibole asbestos fibers exhibit
surface charges either less than —20 mV, or greater than 24 mV indicating at least moderately stable
suspensions in water, however, more filamentous fiber types exhibit zeta potentials ranging further from
0 as those stated above, indicating a tendency for more stable suspension (Virta, 2004; Schiller and
Payne, 1980). These differences in surface charge are due to the substitution of Mg and Ca ions with
divalent Fe at varying ratios in the mineral assemblage. Amphibole asbestos fibers are insoluble in both
water and organic solvents but do tend to form stable suspensions in water. The fibers do not appear to
undergo physical or chemical changes due to hydrolysis or photolysis but can undergo morphological
changes due to weathering and extreme conditions as described in Section 2.2.2.
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Table 2-1. Physical and Chemical Properties of Asbestos Fiber Type

Property Chrysotile Crocidolite Amosite Anthophyllite Tremolite Actinolite Libby Amphibole
Essential Silica sheet (Si2Os), |Na, Fe silicate with  |Fe, Mg silicate ®  |Magnesium and |[Ca, Mg silicate |Ca, Mg, Fe silicate |Winchite (84%),
Composition with a layer of some water ©) iron silicates Y |with some water |with some water ® |richterite (11%),

brucite (Mg(OH)s,) ®) and tremolite (6%).
with every 3 (1)
hydroxyls replaced
by oxygens @
Color Usually white to Lavender, blue, Ash gray, greenish, |Grayish white, |White to light- |Greenish © -
grayish green, may |greenish © or brown ©) brown-gray, or  |green %
have tan coloring @ green ©
Luster Silky ® Silky to dull ® Vitreous to pearly |Vitreous to Silky © Silky, greasy to -
© pearly © vitreous ©-(17

Surface Area (m?/g)

135t022.4@

4.62t014.80®@

225t07.10@

4410144 ®

0.66 t0 9.2 12

1.1t07.4 19

Individual Fiber 0.02t00.03®W 0.09M 0.26 (mediantrue  [<0.10t01.4 ™ 10.2t00.4218 |- 0.61+1.22 (8
Diameter (um) (Median true diameter)
diameter)

Average fiber outer |200® - - - - - -
diameter (A)
Particle Dimension (L):1.00+0.44 (L):5.33+£2.77 um; |(L): 4.63 pum; - - (L): 0.81t0 36.0 (L): 0.220 to
(um) pum; (S): 0.248 £ 1.60 pum; |(S): 0.258 pum; pm; 23.598 (1.95 mean)
Largest Dimension  [(S): 0.07 + 0.02 L/S: 21.478 + 2.667 ® | L/S: 17.99 10 (S): 0.2 t0 12.0 um; | (S): 0.0244 to 2.593
(L) pm; L/S: 3to 4 (18) (0.316 mean)
Smallest Dimension |L/S:13.8+5.1® (L/S): 1.0t0 128.9
(S) (7.1 mean) @9
Aspect Ratio L/S
Hardness (Mohs) 25t04.0W 400 55t06.0® 55t06.0® 5to6 Y 6.0 ® -
Density (g/mL) 2.19102.68® 3.2t03.3® 3.1t03.25® 3.09 44 291t03.2® 2.9103.1 @ -
Optical Properties Biaxial positive Biaxial negative Biaxial positive Biaxial positive |Biaxial negative |Biaxial negative -

parallel extinction |oblique extinction® |parallel extinction |extinction oblique extinction inclined

® © parallel ® extinction © ®)

Refractive Index

1.53t01.56 ™

1.654 to 1.701®)

1.635t0 1.696 ©)

1.596 to 1.652 ©

1.599 to 1.668 ©)

1.599 to 1.668 ©)

Silky, soft to harsh
(@

somewhat pliable ©)

sometimes soft
(5)

Flexibility High® Fair to Good © Good © Poor (very brittle, |Poor, generally |Poor, brittle, and |-
non-flexible) ® | brittle, non-flexible ®
sometimes
flexible ®
Texture Soft to harsh ® Coarse, but Harsh ® Generally harsh, [Harsh ® -
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Property Chrysotile Crocidolite Amosite Anthophyllite Tremolite Actinolite Libby Amphibole
Spinnability Very good ® Fair ® Fair ® Poor © Generally poor, |Poor © -
some are
spinnable ©
Tensile Strength 1,100 to 4,400 ™ 1,400 to 4,600 © 1,500 to 2,600 ® <30 ® <500 ® <70 -
(MPa)
Resistance to: Acids |Weak, undergoes  |Fair Fair, slowly Fair Resistance to Fair -
Bases fairly rapid attack  |Good © attacked Very good © acids: fair Fair ®
Very good ® Good ® Resistance to
bases: good ©)
Zeta Potential (mV) |+13.6 to +54 ©® -32© —20to —40 ©® blocky particles = |blocky particles |- -
39+2 and =24+1 and
elongated elongated
particles = 49+2 |particles = 3543
at pH 7 19 atpH 7 @9
Decomposition 600 to 850® 400 to 900 ® 600 to 900 ©® 1,150 to 1,340 14950 t0 1,040 ® [1,1401t0 1,296 °C |-
Temperature (°C) (9)

Notes: source; overall data quality determination
1 =(NLM, 2021); High

2 = (Addison et al., 1966) ; Medium

3 = (Thorne et al., 1985); High

4 = (Elsevier, 2021c); High
5 = (Badollet, 1951); High

6 = (Virta, 2004); High

7 = (Hwang, 1983); High

8 = (Siegrist and Wylie, 1980); High

9= (

Lott, 1989); High

10 = (Snyder et al., 1987); High
11 = (Larrafaga et al., 2016); High
12 = (Pollastri et al., 2014); High
13 = (Le Bouffant, 1980); High

14 = (Elsevier, 2021b); High

15 = (Schiller and Payne, 1980); High

16 = (U.S. EPA, 2014c); High

17 = (Zhong et al., 2019); High

18 = (Virta et al., 1983); High
19 = (Elsevier, 2021a); High

20 =_(Lowers and Bern, 2009), High
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2.2 Environmental Fate and Transport

2.2.1

Fate and Transport Approach and Methodology

Reasonably available environmental fate data, including fiber dissolution in water, bioconcentration,
biodegradation rates, removal during wastewater and drinking water treatment, suspension and
resuspension, and incineration are among selected parameters for consideration in the current risk
evaluation. In assessing the environmental fate and transport of ashestos, EPA considered the full range
of results from sources that were rated as high and medium confidence. Information on the full data
quality evaluation and data extraction data set is available in the supplemental file Draft Risk Evaluation
for Asbestos Part 2 — Systematic Review Supplemental File: Data Quality Evaluation and Data
Extraction Information for Environmental Fate and Transport (U.S. EPA, 2023d).

Table 2-2 provides selected environmental fate data that EPA considered while assessing the fate of
asbestos. The data in Table 2-2 were updated after publication of Final Scope of the Risk Evaluation for
Asbestos Part 2: Supplemental Evaluation Including Legacy Uses and Associated Disposals of Asbestos
(87 FR 38746) (EPA-HQ-2021-0254-0044) with additional information identified through the

systematic review process.

Table 2-2. Environmental Fate Properties of Asbestos

liberated from fibers leaving a silica skeleton.
Smaller particles liberated more magnesium.

Property or Overall Data
perty Value? Reference Quality
Endpoint .
Determination
Aqueous Rate of dissolution is a function of surface area | Choi and Smith High
dissolution and temperature. Mg?* may be continuously (1972)

factor (BCF)

treated fish by transmission electron microscopy
(TEM). Sunfish lost scales and had epidermal

(1986¢)

Air transport Asbestos fibers of 0.1 to 1 um aerodynamic ATSDR (2001) Medium
diameters can be transported thousands of miles
in air.
Removal from Chrysotile asbestos; Mean removal: 90-99.89% | McGuire et al. High
water with direct (1983)
filtration
Removal from Removal >99% Lauer and High
wastewater for Water reuse with flocculation, filtration, reverse | Convery (1988
reuse application | osmosis, and disinfection
Removal in Chrysatile asbestos; Bales et al. Medium
surface water Removal of fibers (%): >90% removal at (1984)
reservoirs with detention times >1 year
Reported removals:
Lake Silverwood: 27%; detention time 0.1 year
Lake Skinner: 88%; detention time 0.5 year
Lake Perris: 96%; detention time 1.5 years
Lake Pyramid-Castaic: 99.8%; detention time
3.0 years
Aerobic Half-life in water >200 days NICNAS (1999) | Medium
biodegradation
Bioconcentration | Asbestos fibers were found in the asbestos- Belanger et al. High
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Property or Overall _Data
] Value? Reference Quality
Endpoint e
Determination
tissue erosion. Asbestos fibers were not
identified in control or blank samples.
Incineration Incineration (combustion chamber target 850— Osada et al. High
900 °C): Asbestos was not detected in solid (2013)
product or in exhaust gas; asbestos reduction
due to morphological changes.

2 Measured unless otherwise noted

2.2.2 Summary of Fate and Transport Assessment

Asbestos is a group of persistent and naturally occurring hydrated silicate mineral fibers that can be
found in soils, sediments, lofted in air and windblown dust, surface water, ground water and biota
(ATSDR, 2001) as depicted in Figure 2-1. The basic building block of asbestos fibers are silicate
tetrahedra in a variety of polymeric structures through formation of very strong Si-O-Si covalent bonds
and cationic sites that are occupied by either magnesium (chrysotile asbestos) or a combination of
magnesium, iron, calcium, and/or sodium (amphibole asbestos). The strong Si-O-Si covalent bonds are
responsible of many chemical properties that makes asbestos very stable in most environmental
conditions, have high tensile strength and hardness, and its inherent chemical inertness. The ionic bonds
where metals attach within the crystal lattices in the main silicate chain of asbestos fibers are weaker
than covalent bonds, leading to metal leaching in aqueous media. Under extreme conditions (e.g., 50
mM oxalic acid) asbestos fibers have been reported to undergo minor morphological changes such as
changes in fiber length or leaching of cations from the surface of the crystal lattice (Favero-Longo et al.,

2005; Gronow, 1987; Schreier et al., 1987; Choi and Smith, 1972). In general, asbestos fibers do not
evaporate, significantly dissolve, burn, undergo significant reactions, or otherwise degrade in the
environment (ATSDR, 2001).
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Figure 2-1. Fate and Transport of Asbestos in the Environment?

8The diagram depicts the distribution (grey arrows) and transport (black arrows) of Asbestos in the environment.
The width of the arrow is a qualitative indication of the likelihood that the indicated partitioning will occur (i.e.,
wider arrows indicate more likely partitioning and dashed arrows negligible transport).

Leachate

Groundwater

Despite the durability of asbestos fibers in the environment, the accumulation of asbestos fibers is not
generally observed in terrestrial and aquatic organisms (ATSDR, 2001). Limited studies are available on
the bioconcentration or bioaccumulation of asbestos in environmental organisms. In field studies,
exposure to high concentrations of chrysotile asbestos (10*to 108 fibers/L) has been documented to
result in embedment of fibers into tissues in clams (Corbicula sp.) (Belanger et al., 1990; Belanger et al.,
1986¢; Belanger et al., 1986a, b). However, under controlled laboratory experiments, 30-day aqueous
exposure to 108 fibers/L (10° f/cc) chrysotile ashestos resulted in negligible accumulation of fibers in
clams (Belanger et al., 1987). However, high fiber burdens were reported in clams with a lifelong
asbestos exposure of 10° fibers/L (10° f/cc) (Belanger et al., 1987). In general, asbestos fibers are not
expected to bioaccumulate within aquatic organisms under environmentally relevant conditions.

Asbestos fibers usually contain a broad distribution of fiber lengths. Small asbestos fibers (<1 pum)
remain suspended in air and water and their deposition is expected to be higher closer to the asbestos
source as described in Section 3.3.4. In surface water, the concentration of suspended asbestos fibers are
reported to decrease more than 99 percent in water reservoirs with hydraulic retention times greater than
1 year (Bales et al., 1984). Storm events may increase the deposition and resuspension of asbestos fibers
(Schreier and Lavkulich, 2015). During water treatment processes, the use of coagulation and
flocculation treatment processes have been reported to remove 80 to 99 percent of asbestos fibers, with
higher removal rates reported with use of filtration treatment units (Kebler et al., 1989; Lauer and
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Convery, 1988; Bales et al., 1984; McGuire et al., 1983; Lawrence and Zimmermann, 1977; Schmitt et
al., 1977; Lawrence and Zimmermann, 1976). As stated in the Risk Evaluation for Asbestos Part 1, once
in water it will eventually settle into sediments (or possibly be present in biosolids from wastewater
treatment processes) (U.S. EPA, 2020a).

The inherent insulation properties of asbestos fibers are related to the fiber’s potential to undergo
dehydration and dehydroxylation as a function of temperature. For example, the thermal insulation
property of chrysotile is due to its capability to remain stable up to 550 °C via dehydration, then
dehydroxylation of the brucite layer that occurs from 550 to 750 °C followed by decomposition at 850
°C. Thermally decomposed chrysotile fibers recrystalizes at 800 to 850 °C as forsterite and silica (Virta,
2004). Recent studies have investigated the use of destructive treatment approaches such as incineration
as an alternative for the disposal of asbestos containing materials. The use of incineration and other
thermal treatments of asbestos containing materials have been reported to transform asbestos fibers into
non-asbestiform types during recrystallization with very low to non-detectable concentrations of
asbestos fibers released to air (Carneiro et al., 2021; Obminski, 2021; Witek et al., 2019; Osada et al.,
2013; Porcu et al., 2005; Jolicoeur and Duchesne, 1981).

Overall, asbestos may be released to the environment through industrial or commercial activities, such
as processing raw chrysotile asbestos, fabricating/processing asbestos containing products, or the lofting
of friable asbestos containing materials during use, disturbance and disposal of asbestos containing
materials.

A detailed summary of physical and chemical properties and a fate and transport assessment is available
in Appendix D and the fate assessment supplemental document.

2.2.3 Weight of Scientific Evidence Conclusions for Fate and Transport

2.2.3.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the
Fate and Transport Assessment

During the data extraction and evaluation of data collected in the systematic review process, the results
from multiple high and medium-quality studies were selected for this risk evaluation to represent the
range of the identified environmental fate endpoints. The available information was measured under
field monitoring conditions or controlled laboratory experiments. These studies are subject to several
sources of variability including variability inherent in the methodology, inter-laboratory variability and
variability due to factors such as the temperature, pH ranges, and test substance concentrations. Because
of these factors, no single value is universally applicable. However, the weight of scientific evidence
shows asbestos fibers are expected to be very stable under most environmental conditions.

Given the similarity of results from multiple high and medium-quality studies, there is robust weight of
evidence about the dissolution and removal in water and the incineration of asbestos fibers. Asbestos
fibers are stable and persistent in water under normal environmental conditions. Once in water, asbestos
fibers are expected to settle into sediments and biosolids, thus aquatic or terrestrial organisms are
unlikely to be exposed to asbestos fibers suspended in water. Lastly, the thermal destruction of asbestos
results in morphological changes resulting in the formation of non-asbestos fibers (such as forsterite,
amorphous silica, and enstatite during the recrystallization process). In addition, very low to non-
detectable concentrations of asbestos fibers released to air have been reported during incineration
processes.
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Due to the limited number of high and medium-quality studies there is moderate weight of evidence
about the bioconcentration, biodegradation, and air transport of asbestos fibers. Overall, there is no
evidence to suggest bioaccumulation in food webs (ATSDR, 2001), but it is very persistent under most
environmental conditions (NICNAS, 1999). Furthermore, fiber deposition is expected to be greater
closer to asbestos sources as described in Section 3.3.4.
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3 RELEASES AND CONCENTRATIONS OF ASBESTOS

3.1 Approach and Methodology

3.1.1

Industrial and Commercial

EPA categorized the COUs listed in Table 1-1 into occupational exposure scenarios (OESs) as shown in
Table 3-1. EPA developed the OESs to group processes or applications with similar sources of release
and occupational exposures that occur at industrial and commercial workplaces within the scope of the
risk evaluation. For each OES, occupational exposure and environmental release results are provided
and are expected to be representative of the entire population of workers and sites involved for the given
OES in the United States. In some cases, only a single OES is defined for multiple COUs, while in other
cases multiple OESs are developed for a single COU. This determination is made by considering
variability in release and use conditions and whether the variability can be captured as a distribution of
exposure or instead requires discrete scenarios. Further information on specific OESs is provided in

Appendix E.

Table 3-1. Crosswalk of Conditions of Use to Occupational Exposure Scenarios Assessed

Commercial Uses

appliances, electronic/electronic
articles

L';‘iazzﬁ'e Category® Subcategory® Occgg:r:grri\gl (gépso)sure
Construction and building Handling asbestos-containing
materials covering large surface |building materials during
areas, including paper articles; |maintenance, renovation, and
metal articles; stone, plaster, demolition activities;
cement, glass, and ceramic (Appendix E.10)
articles

Handling of asbestos-
containing building materials
during firefighting or other
Chemical Substances in disaster response activities
Construction, Paint, (Appendix E.11)
Electrical, and Metal Mac_h inery, mech_a nical . | Use, repair, or removal of
Products :Et?éllzgces’ electrical/electronic indu_strial and commercial
Industrial/ Other machinery, mechanical appliances or machinery

containing asbestos
(Appendix E.12)

Electrical batteries and
accumulators

Solvent-based/water-based
paint

Fillers and putties

Handling articles or
formulations that contain
asbestos

(Appendix E.13)

Chemical Substances in
Furnishing, Cleaning,
Treatment Care Products

Construction and building
materials covering large surface
areas, including fabrics, textiles,
and apparel

Handling asbestos-containing
building materials during
maintenance, renovation, and
demolition activities;
(Appendix E.10)

Handling of asbestos-
containing building materials
during firefighting or other
disaster response activities
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L'g:;ggle Categoryb Subcategory® Occgggrtgggl ((IE))I(EpS(?)sure
(Appendix E.11)
Furniture & furnishings Handling articles or
including stone, plaster, cement, | formulations that contain
glass, and ceramic articles; asbestos (Appendix E.13)
metal articles; or rubber articles
Packaging (excluding food
Chemical Substances in packaging), including rubber Handling articles or
Packaging, Paper, articles; plastic articles (hard); formulat%ons that contain
_ plastic articles (soft) bestos
Industrial/ Chemical Substances in | Other (artifacts) a; dix E.13
Commercial Uses | Products not Described by |Other (aerospace applications) (Appendix E.13)
Other Codes
Chemical Substances in Lawn and garden products
Automotive, Fuel, (vermiculite soil treatment)
Agriculture, Outdoor Use Handling of vermiculite-
Products containing products
Laboratory chemicals Laboratory chemicals (Appendix E.14)
(vermiculite packaging
products)
Mining of Non-Asbestos | Mining of non-asbestos Mining of non-asbestos
Commodities commodities commodities
(Appendix E.15)
Disposal, Disposal, including Disposal, including distribution |Waste handling, disposal, and
including Distribution for Disposal | for disposal treatment
Distribution for (Appendix E.16)
Disposal
2 Life Cycle Stage Use Definitions (40 CFR 711.3)

—  “Industrial use” means use at a site at which one or more chemicals or mixtures are manufactured (including
imported) or processed.

—  “Commercial use” means the use of a chemical or a mixture containing a chemical (including as part of an
article) in a commercial enterprise providing saleable goods or services.

—  “Consumer use” means the use of a chemical or a mixture containing a chemical (including as part of an
article, such as furniture or clothing) when sold to or made available to consumers for their use.

— Although EPA has identified both industrial and commercial uses here for purposes of distinguishing scenarios
in this document, the Agency interprets the authority over “any manner or method of commercial use” under
TSCA section 6(a)(5) to reach both.

b These categories of conditions of use appear in the Life Cycle Diagram, reflect CDR codes, and broadly represent
conditions of use of asbestos in industrial and/or commercial settings.
¢ These subcategories reflect more specific conditions of use of asbestos.

1366 3.1.1.1 General Approach and Methodology for Environmental Releases

1367  For each OES, daily releases to air, land, and water were estimated based on annual releases, release
1368  days, and the number of sites (Figure 3-1). The blue boxes represent primary sources of release data that
1369  were used to develop annual releases, release days, and number of sites. The information in the green
1370  boxes is aggregated by OES to provide daily release estimates. Generally, EPA used 2016 to 2020 TRI
1371  (U.S. EPA, 2022a), 2014 to 2017 National Emissions Inventory (NEI) (U.S. EPA, 2022d), and 2015 to
1372 2022 National Response Center (NRC, 2022) to estimate annual releases. Where available, EPA used
1373 literature search data for estimation of associated release days. To estimate the number of sites using
1374  asbestos within a condition of use, EPA relied on U.S. Census Bureau data, as well as literature search
1375  data. Generally, information for reporting sites in NEI was sufficient to accurately characterize each
1376  reporting site’s condition of use. However, information for determining the condition of use for

Page 49 of 405


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11138810
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11138795
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=11138813

1377
1378

1379
1380

1381
1382

1383

1384
1385
1386
1387
1388
1389
1390
1391
1392
1393

1394
1395
1396
1397
1398
1399
1400
1401
1402
1403
1404
1405

PUBLIC RELEASE DRAFT
April 2024

reporting sites in TRI is typically more limited. The approach and methodology for estimating daily
releases is described in Appendix E, which also includes detailed facility-level results.

OES
Daily Release
Estimate
Release :
Annual Releases Number of Sites
Days
TRI, NEI, NRC, . U.S. Census Bureau,
Literature Search nge‘:rt:egz;[:re NFPA, Literature
Data Search Data

Figure 3-1. An Overview of How EPA Estimated Daily Releases for Each OES
TRI = Toxics Release Inventory; NEI = National Emissions Inventory; NRC = National
Response Center; NFPA = National Fire Protection Association

3.1.2 Take-Home

Workers performing job-related activities (e.g., demolition and asbestos removal) that expose them to
asbestos fibers can transfer asbestos fibers from the working environment to the home environment via
contaminated clothes or surfaces. This creates the potential for take-home exposures. Demolition and
asbestos removal workers go to great lengths to avoid asbestos exposure to themselves, those around
them, and the environment when they follow National Emission Standards for Hazardous Air Pollutants
(NESHAP) rules and regulations, 40 CFR Part 61, subpart M. However, take-home exposures from
contaminated clothes/surfaces can occur when asbestos is not handled following NESHAP guidance or
when personal protective equipment (PPE, protective clothing) is unavailable. This section summarizes
take-home exposures scenarios and the data and methods used to evaluate scenarios not following
NESHAP.

3.1.2.1 Methods and Key Assumptions to Determine Asbestos Concentrations
Figure 3-2 provides a diagram of the mechanism of exposure for the take-home scenario. On the left, the
diagram depicts an occupational worker on three consecutive days of work, where each day the worker
is exposed to the same 8-hour time-weighted average (TWA) asbestos concentration. In addition to their
inhalation exposure during the workday, the fibers may settle onto the clothing worn by the worker,
referred to as the “occupational loading.” This fiber loading dictates the quantity of asbestos available
for resuspension at home during laundry preparation. Although current Occupational Safety and Health
Administration (OSHA) regulations (29 CFR 1926.1101) prohibit taking contaminated clothing home,
this exposure pathway was included to account for workers who may not follow all OSHA guidelines
and incur in exposures due to lack of knowledge about asbestos identification, removal, handling, and
disposal of contaminated clothes or a personal choice. Thus, on the right, when the clothing worn on
those three days is prepared for laundering, shaking/folding/unfolding the clothes will tend to resuspend
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a fraction of the loaded fibers into the residential indoor air, resulting in inhalation exposure for the

clothes handler and any bystanders.
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Figure 3-2. Take-Home Scenario Mechanism of Exposure

In considering the take-home scenarios, exposures across days could happen in many ways depending
on the number of work garment sets worn, the pattern of workdays when asbestos exposure occurs, the
frequency of washing events, and the number of garment sets per washing event. For example, (1) a
worker may wear one garment set for three consecutive days and then launder, or (2) a worker may wear
a different garment set each day and launder all three together (see Figure 3-2). Because the
occupational concentrations and take-home concentrations are linked via the occupational loading
process, EPA defined a “unit” of take-home exposure, as depicted in Figure 3-3.
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Key Assumption: Unit Exposure for Take-Home Scenarios

one occupational exposure day corresponds to one take-home exposure day
where a single garment is loaded — where a single garment is washed
based on an leading to a proportional

For one day of workplace exposure:

-

- [

@

Figure 3-3. Take-Home Exposure Scenarios Key Assumptions Summary

This approach assumes all garment sets are ultimately washed, and one unit is 1 day of loading at the 8-
hour TWA concentration. Then, the 24-hour TWA take-home concentration when that garment is
washed is given by an empirically derived “take-home slope factor” (second term in Equation 3-1). The
empirical data to derive the take-home slope factor are described in Section 3.1.2.2 and Table 3-2. In
this proposed approach, a specific scenario where the actual 8-hour TWA concentration is “[X] f/cc”
(first term in Equation 3-1) results in a 24-hour take-home exposure concentration of [Y] multiplied by
the take-home slope factor. The intercept should be zero because if there is no occupational fibers
loading then there is no take-home exposure.

Equation 3-1. Equation to Calculate Take-Home Exposures 24-Hour TWA Concentrations

24hr TWA Concentration = 8hr TWA Concentration X Take home slope factor + Intercept
24hr TWA Concentration [Y]

8hr TWA Concentration [X]

Take home slope factor =

3.1.2.2 Data Sources and the Take-Home Slope Factor Estimation

The 8-hour TWA occupational exposure concentration [X] and 24-hour TWA take-home exposure
concentration [Y] are data taken from the identified studies. The take-home slope factor uses studies that
jointly monitor the workplace exposure and subsequent handling of asbestos-contaminated clothing
(“take-home studies”) and represents the ratio between (1) the 24-hour TWA take-home exposure
concentrations during laundry preparation activities (Equation 3-1, numerator), and (2) the 8-hour TWA
occupational exposure concentrations during the loading period (Equation 3-1, denominator).

To select these studies, all experimental, monitoring, and/or modeling studies with a low, medium, or
high overall quality determination were examined for applicability using the following criteria:

e Keyword: Title or abstract mention “take-home” exposures
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Scenario: Asbestos fibers released from clothing or other items brought home from the work site
during routine handling of clothes.

Country: United States or Canada

Timeframe: Sampling conducted since 2000, although prior years are considered given limited
availability of data

Media Type: Indoor air or personal inhalation

Microenvironment: Living area of houses (test houses or simulated via experimental chambers)
Analytical Method/Units: PCM or TEM measured as fibers/cc

Following application of these criteria, eight experimental studies were selected for further review; one
study, upon further full-text review, was excluded, leaving seven studies for use in determining the take-
home slope factor. The included studies were selected because they represent occupational loading to
clothing and subsequent handling of that garment. EPA use this data as a proxy for workers that unaware
of asbestos presence or health effects bring those garments home, if the workers follow the existing
guidelines take-home exposures would likely not happen. The excluded study, Weir et al. (2001), was
not considered representative of residential clothes handling scenarios because they used small 150 L
dynamic flow chambers in the experiments. There is high uncertainty in how representative the
experimental method (small chamber) is to real-world samples collected via personal breathing zone or
area samples. Table 3-2 and Table_Apx J-1 in Appendix J provide the study activity type, job-related
loading event information, take-home exposure event information, and sampling details of the seven
studies. Table 3-2 also summarizes the measured levels of asbestos during the loading and take-home
clothes preparation used in the regression analysis. Calculations and slope factor approaches are
available in Asbestos Part 2 Draft RE - Risk Calculator for Take Home - Spring 2023 (U.S. EPA
2023m) (see also Appendix C).
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Table 3-2. Asbestos 8-Hour TWA Loading Concentrations and 24-Hour TWA Take-Home Concentrations Used in Regression

: Number of| Loading | 8-hr TWA ) 24-hr TWA Take-Home Event
Analvtical EvenEn[])i%atlon Garments | Event |Avg. Loading A\égdrlzﬁir;?::]e(sglce)nt Concentration Normalized to
Study Y per Concen- Event One Garment (f/cc)
Method :
Handler tration Concen-
Load® | Handler® | Event (flce) tration (f/cc) Handler Bystander Handler Bystander

Abelmannetal. |PCM 30 (30 2 8.8E01 5.50E-01 5.20E-01 3.40E-01 5.42E-03 3.54E-03
(2017)
Madl et al. (2014) |PCME 30 |30 6 1.3E-02 |8.13E-04 5.00E-03 1.50E-03 1.74E-05 5.21E-06
Madl et al. (2009) |PCME 30 |30 11 2.4E-02  |1.50E-03 3.60E-02 1.00E-02 6.82E-05 1.89E-05
Madl et al. (2008) |PCME 30 |15 3 1.98E-01 |1.24E-02 1.10E-02 1.00E-02 3.82E-05 3.47E-05
Jiang et al. (2008) |PCME 30 |15 3 1.19E-01 |7.44E-03 3.00E-03 2.00E-03 1.04E-05 6.94E-06
Sahmel et al. 5.0E-02 |3.13E-03 7.00E-03 1.00E-03 1.22E-05 3.47E-06
(2014) Low 15
Sahmel et al. PCME 30 handler, 6 2.235E00 |[1.40E-01 9.40E-02 3.75E-03 1.63E-04 1.30E-05
(2014) Medium 30

bystander
Sahmel et al. 3.125E00 |[1.95E-01 1.29E-01 9.50E-03 2.24E-04 3.30E-05
(2014) High
Sahmel et al. PCME 390 |15 3 1.14E01  |9.26E00 2.94E00 6.20E-01 1.02E-02 6.46E-03
(2016) handler,

45

bystander

@ Load refers to occupational loading that is the fibers that settle onto the clothing worn by the worker. This fiber loading dictates the quantity of asbestos available for
resuspension at home during laundry preparation. In this case, extent of occupational activity duration.
b Refers to amount of time in minutes the handler of clothing handled the clothing, which can include activities like undressing, shaking, and folding
PCM = phase contrast microscopy; PCME = PCM-equivalent
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1469  Using the 8-hour TWA loading event concentrations in Table 3-2 as the independent variable and the
1470  24-hour TWA take-home concentrations as the dependent variable, linear regression slopes (the take-
1471 home slope factor), intercepts, and R? were estimated in three different ways:
1472 e Included in this risk evaluation all 7 studies in a single regression;
1473 e Included Abelmann et al. (2017), Madl et al. (2014), and Madl et al. (2009) together; and
1474 e Included Madl et al. (2008), Jiang et al. (2008), Sahmel et al. (2014), and Sahmel et al. (2016)
1475 together; the three different target loading concentrations in Sahmel et al. (2014) were treated as
1476 three different points in the regression.
1477  Table 3-3 presents the results from this analysis and Figure 3-4 regression analysis makes clear that the
1478  different studies cluster into two different take-home slope factors, where Abelmann et al. (2017), Madl
1479  etal. (2014), and Madl et al. (2009) give a slope factor of approximately 0.0098 for handlers while Madl
1480 et al. (2008), Jiang et al. (2008), Sahmel et al. (2014), and Sahmel et al. (2016) give a slope factor of
1481  0.0011 for handlers. The factor in Regression 3 is roughly an order of magnitude lower than in
1482  Regression 2 and generally in line with the conclusion in Sahmel et al. (2014) and Sahmel et al. (2016)
1483  that the 8-hour TWA take-home concentrations are about 1 percent of the 8-hour TWA loading
1484  concentrations. Both Regression 2 and 3 have R? near 1, and no specific study experimental set-up or
1485  method descriptions indicated why the two groups of studies cluster into two distinct groups. Without
1486  additional information to indicate which studies may provide the best experiments from which to
1487  estimate these slope factors, the two groups were used to determine a central tendency (CT) and high-
1488 end (HE) take-home slope factor:
1489 e CT Slope Factor, Regression 3
1490 o Handler: 0.0011; bystander: 0.00070
1491 e HE Slope Factor, Regression 2
1492 o Handler: 0.0098; bystander 0.0064
1493  Table 3-3. Regression Coefficients for Three Regression Equations
. Handler Regression Bystander Regression
Regression
Slope Intercept R? Slope Intercept R?
Regression 1, All Studies 0.0011 0 0.8059 | 0.00067 0 0.7916
Regression 2, 3 Studies, “HE” 0.0098 0 0.9999 0.0064 0 0.9999
Regression 3, 4 Studies, “CT” 0.0011 0 1.0000 | 0.00070 0 0.9995
24-hour TWA take-home concentration as a function of 8-hour TWA loading concentration
1494
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Figure 3-4. Take-Home Exposure Slope Factor Regression for Handler and Bystander
Orange circles are Regression #2 representing the high-end studies; blue triangles are Regression #3 representing
the central tendency studies.

3.1.2.3 Take-Home Scenario Concentration Data Uncertainties and Variability
EPA targeted studies that aimed to replicate common working and laundry activities that followed
acceptable sampling and analytical methods. This section explores the uncertainty associated with the
data used to build take-home scenarios for all OESs.

The approaches described in Section 3.1.2 to obtain take-home asbestos fiber loading concentrations
onto worker clothes was developed because EPA did not identify studies that measured take-home
exposures for all COUs and asbestos containing products. Although EPA has high confidence in the
regression approach, there are sources of uncertainty in the assumptions and approximations used.

The overall data quality evaluation for all but one of the studies was medium, and the remaining study
was high (see Table_Apx J-1). All studies used PCM and PCME for asbestos concentration and
identification which decreases uncertainty from mixing in non-asbestos fibers in the reported
measurements. None of the studies reported fiber size that increases uncertainty in the reported
concentrations as smaller particles could have been included and could result in increased concentrations
and subsequently overestimate risk. Simulations of fiber releases during an activity were different for all
studies where different sources of asbestos products were used or various simulated asbestos emission
concentrations were used with no link to an actual asbestos containing product or activity. However,
sampling duration was stable within 15 and 30 minutes for six of the studies; one study used 45 minutes
for the bystander simulation. Similar sampling times minimizes uncertainties when aiming to harmonize
all studies into a regression approach.

The regression approach to use one garment (unit) to a loading event and eventual laundry activity
minimizes uncertainties and variability while decreasing complexity. One garment loading to a laundry
activity assessment can then be extended to other garment use choices and laundry handling practices.

Overall uncertainty and variability in the take-home exposure scenario are moderate and high
respectively indicating that estimates are solid and represent a wide range of exposure scenarios.
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Table 3-4. Qualitative Assessment of the Uncertainty and Variability Associated with
Concentration Data Used in Take-Home Exposure Analysis

Uncertainty | Variability

Variable Name Effect (LM, H)2 | (L, M, H)®
Asbestos fiber sizes Concentration data used may include smaller particle H H
sizes and hence overestimate risk.
Overall sample analysis Methods may include non-asbhestos fiber concentrations M M
method such as TEM, and overestimate risk. Most studies used PCME to
PCM, and PCME confirm asbestos fibers.
Simulations of fiber Increase uncertainty and variability because products and H H

releases during an activity | asbestos concentrations vary for different activities and
asbestos containing products.

Sampling time Similar sampling times decreases variability and L L
uncertainty as these were representative of usual
occupational activity durations.

One garment per loading | Decreases complexity so results can be used for all take- M M
approximation home and working scenarios.
Overall take-home Concentrations used in risk calculation estimates. M HP

concentration data

aL = low; M = moderate; H = high
b Low-end to high-end concentration ranges 3—4 orders of magnitude difference
PCM = phase contrast microscopy; PCME = PCM-equivalent; TEM = transmission electron microscopy

3.1.3 Consumer

The consumer COUs include categories related to chemical substances in

Construction, paint, electrical, and metal products;
Furnishing, cleaning, treatment care products;
Packaging, paper, plastic, toys, hobby products;
Automotive, fuel, agriculture, outdoor use products; and
Products not described by other codes.

Specifically, these categories are associated with subcategories and specific product examples, as shown
in Table 1-1. These product examples are no longer manufactured or available for purchase; however,
asbestos is still found in a variety of consumer and commercial products that remain in use. The
consumer scenarios in this evaluation are for legacy uses in which all scenarios are task- or activity-
based DIY scenarios in which the user is not a professional nor acting in a professional setting. They
perform an activity involving an asbestos product that modifies the product leading to the release of
asbestos fibers. Product modification can occur when it is disturbed/repaired (e.g., sanded, grinded,
drilled, scraped, cut, shoveled, or moved) or replaced; these activities may occur during normal home
maintenance and/or when users perform small or large renovations. These activities can release asbestos
fibers that can be inhaled.

Section 3.1.3.1 first reviews example products that may contain asbestos and be used in DIY activities
for the COU categories and subcategories. Then, in Section 3.1.3.2, the products that have the potential
to release asbestos are mapped to specific activity-based scenarios, where each product is generally
linked to both a “disturbance/repair” and “replacement” activity. Where possible, the releases and
exposures to users and bystanders (discussion in Section 3.1.3.3 with a summary of scenario
concentrations in Section 3.1.3.4) and associated risks are quantified (Section 5); for scenarios where
literature is not available to quantify exposure, risks are discussed qualitatively.
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3.1.3.1 Friable Asbestos Fibers in Products and Products Prioritized for Assessment
Section 3.1.3.1 outlines specific product examples containing friable asbestos for the different COU
categories and subcategories. The NESHAP for asbestos, 40 CFR part 61, subpart M defines "friable
asbestos material” as “any material containing more than 1 percent ashestos by weight *** that, when
dry, can be crumbled, pulverized, or reduced to powder by hand pressure.” 40 CFR 61.141. Exposure to
asbestos fibers from the product examples depends on the potential release of fibers during intended use
or while performing some activity that modifies the product.

As described in the scope document, products containing friable asbestos were primarily identified from
three sources:

e Regulatory impact analysis of controls on asbestos and asbestos products: Final report: Volume
I (U.S. EPA, 1989);

e Review of asbestos use in consumer products (final report) (CPSC, 1977); and

e Sampling and analysis of consumer garden products that contain vermiculite (U.S. EPA, 2000a).

Through systematic review, additional papers were also identified for consumer uses that provided
specific product asbestos weight fractions. Table 3-5 summarizes the COU categories/subcategories,
product examples, and respective weight fractions. To assess friability, all identified products, other than
crayons, have upper weight fraction ranges above 1 percent; however, not all products are friable by
hand pressure. Generally, products containing asbestos will not release asbestos fibers unless the
materials are modified, as previously discussed (e.g., mechanical manipulations). However, it was
determined that construction materials are subject to activities that can release fibers under dry
conditions, such as sanding, cutting, and removal and hence are considered to have friable fibers. Fiber
friability for products that are subject to activities in which fibers are expected to become friable by
hand was assigned using expert personal opinions, for example, asbestos reinforced plastics are not
expected to crumble under hand pressure.

Table 3-5 includes a column that notes the “priority for evaluation for DIYers.” All products that were
determined to be friable by hand are considered to be high priority. Products that have a “No” for hand
friability and a “Yes” for “sanding/cutting” friability where consumer DIYers are judged less likely to
perform sanding and cutting activities (compared with, for example, commercial workers working with
the products) are assigned a low priority (see footnote “j”). Examples include metal gaskets, cement,
electro-mechanical parts in appliances, and plastics used in appliances and toys. In addition, while some
products/articles are friable, any product with a lifetime less than 30 years is unlikely to remain in
current use, where 30 years reflects the fact that most products no longer used asbestos by the late 1980s
(U.S. EPA, 1989). EPA deprioritized products such as textiles, burner mats, wicks, and soil treatment
products on this basis (see footnote “k”). Remaining products with a “High” in the “Priority for
Consumer Exposure Evaluation” column in Table 3-5 are evaluated either qualitatively or quantitatively
in the consumer exposure assessment, as discussed in the next section.
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Table 3-5. Conditions of Use, Product Examples, Weight Fractions, and Friable Fibers
. . . Priority for .
(o PSS Product Examples P\Q/rif:tt:srggggs l; FtlalE a7 Fsr;iglliz by il Sysc‘istr;:.El?/z\lllljea\ll:iaata S EeRlIS
Subcategory Type P . o Y1 Hand Ing, Exposure : Estimate Type
Weight (%) Cutting Evaluation Rating
Chemical substances in construction, paint, electrical, and metal products COU
Corrugated paper (for use |95-98% @ Yes Yes High None Qualitative, H.1.1
in pipe wrap insulation and
Paper appliances)
articles Commercial papers, Up to 90% ° Yes Yes High None Qualitative H.1.1
millboard; rollboard;
specialty paper
Metal Stove gaskets and rings, Up to 90% ° No Yes Low | None None
articles fireplace embers, Galbestos
— 1504 € 1 1 1
Plaster and mastic 5-15% Yes Yes High (Lange et al., 2008), M CH)ularitltatlve
Stone, Air duct joint sealing No Yes Low None None
_ plaster, cement, 1-5% °
Construction and | cement, Cement ted Cement pipe for No Yes Low ] None None
b“':d'!“? glass, and ceer?eennt ,cceor;;ur?tap?pes and airduct, 10-20% °
materials ceramic g Cement sheet No Yes Low! None None
covering large articles ducts (air, water, or sewer) 154505 2b '
surface ar eas.. Cement pipe for No Yes Low ! None None
paper articles; water. 10250 b
metal articles; v - o I —
stone, plaster, Roofing felt 85-87% No Yes Hig (Lange et al., 2008), M |Quantitative
cement, glass, _ - _ H.1.1 _
and ceramic Roofing cement 3-15% No Yes High (Mowat et al., 2007), |Quantitative
articles Roofing H; H.1.1
and siding (Lange et al., 2008), M
materials  |Roofing shingles 13-18% 2 No Yes High (Lange et al., 2008), M | Quantitative
H.1.1
Siding 13-18%? No Yes High (Lange et al., 2008), M |Quantitative
H.1.1
Ceiling Acoustical ceiling tiles 1-5%"Pd Yes Yes High (Boelter et al., 2016), |Quantitative
materials M; H.1.1
(Lange et al., 1993), M
Flooring Flooring felt Up to 85% @ No Yes High None Quantitative
materials H.1.1
Flooring tile (vinyl) 10-20% ° No Yes High (Lundgren et al. Quantitative
1991), M H.1.1
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cou Product d | R Frg ctiont; Friable by Friatc)jl_e 2y P(;(I)%rsﬁ%?rr Syst(_er;:. Re\I/iew_ Dtz Exposure
Subcategory Type Product Examples Percent_As estos by Hand San ing, Exposure wit Eva_1 uation Estimate Type
Weight (%0) Cutting - Rating
Evaluation
Insulation  |Loose-fill insulation Unknown Yes Yes High (Ewing et al., 2010), |Quantitative
M H.1.1
Plastics Reinforced plastics for 17% 2 No Yes Low ! None None
appliances such as ovens,
dishwashers, boilers, and
toasters
Appliance wiring, u No Yes Low!
Miscellaneous electro- toplpoo% b 9.t None None
Machinery, mechanical parts for Slow cooker, No Yes Low ]
mechanical appliances including deep | g5_7504 b None None
appliances, fryers, frying pans and Toasters, 95% ° No Yes Low | None None
electrical/ Electro- grills, mixers, popcorn Hair drvers No Yes Low)
electronic articles |mechanical |poppers, slow cookers, 85—90‘% b None None
parts refrigerators, curling irons, . _
electric blankets, portable Refrlgeraetors, No Yes Low! None None
heaters, safes, safety boxes, 14_59% _ _
filing cabinets, and kilns | Washing machines, No Yes Low! None None
and incinerators 8-20%° _
Gas boiler, 2-25% © No Yes Low! None None
Glues and epoxies Up to 5% 2° No Yes Low None None
Adhesives, mastics, and 1- 9% af No Yes Low (Paustenbach et al., Quantitative
Adhesives |cements to bond surfaces 2004), M H.1.1
such as brick, lumber,
mirror, and glass
Semi-liquid glazing and 0.5-25% 2P No Yes Low (Lange et al., 2008), M | Quantitative
caulking compounds H.1.1
Fillers and putties applied with a caulking gun
or putty knife, to seal
around glass in windows,
joints in metal ducts, and
bricks
Sealants Joint compound, patching, [0.25-12% "9 Yes Yes High (Rohl et al., 1975), M |Quantitative
spackling material H.1.1
Liquid sealants used for 1-5%2 No Yes Low None None
waterproofing and sound
deadening interior walls
Butyl rubber and vinyl 1-5% af No Yes Low ! (Paustenbach etal.,  |Quantitative

sealants applied over welds

2004), M

H.1.1
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cou Product d | R Frgctiong Friable by Friatc)jl_e 2y P(;I)%rsﬁ%?rr Syst(_er;:. Re\I/iew_ Dtz Exposure
Subcategory Type Product Examples Percent_As estos by Hand San ing, Exposure wit Eva_1 uation Estimate Type
Weight (%0) Cutting - Rating
Evaluation

for corrosion protection and

aesthetics

Extruded sealant tape used |Up to 20% @ No Yes Low ! None None

as a gasket for sealing

building windows,
Fillers and putties automotive windshields,

and mobile home windows

Asphalt based coatings, 5-10% af No Yes Low (Paustenbach et al., Quantitative

used to prevent decay and 2004), M H.1.1

. corrosion of underground
Coatings pipes and structural steel

Vehicle undercoating to 5-30% P No Yes Low ! None None

prevent corrosion
Solvent- Coatings;  |Coatings; textured paints  |1-5% P Yes Yes High (Sawyer, 1977), L None
based/water- textured
based paint paints

Chemical substances in furnishing, cleaning, treatment care products COU
Construction and |Asbestos | Wicks for oil burning Up to 100% ° Yes Yes Low K None None
building textiles
materials including
covering large yarn,
surface areas, thread,
including fabrics, |wick, cord,
textiles, and rope, tubing
apparel (sleeving),
cloth, tape
Furniture and Burner mats 85% ° Yes Yes Low K None None
furnishings,
including stone, Fabrics,
plaster, cement, textiles. and
glass, and a I’ Textiles and cloth 75-100% ab Yes Yes Low X (Cherrie et al., 2005), |Quantitative
o . |appare . ;
ceramic articles; (including gloves and M H.1.1
metal articles; or mittens)
rubber articles
Chemical substances in packaging, paper, plastic, toys, hobby products COU

Packaging Plastic Asbestos reinforced plastics | 20-25% ® No Yes Low | None None
(excluding food |articles, (e.g., ash trays)
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cou Product d | R Frgctiong Friable by Friatc)jl_e 2y P(;I)%rsﬁ%?rr Syst(_er;:. Re\I/iew_ Dtz Exposure
Subcategory Type Product Examples Percent_As estos by Hand San ing, Exposure wit Eva_1 uation Estimate Type
Weight (%0) Cutting - Rating
Evaluation
packaging), Asbestos  |Child dedicated articles or |5-50% ® No Yes Low None None
including rubber |reinforced |plastic articles (hard)
articles; plastic  |plastics
articles (hard);
plastic articles
(soft)
Toys intended for Mineral kits Unknown No Yes High None Quantitative
children’s use H.1.1
(and child
dedicated
grtlcle_s), : Toys Crayons 0.03% " Yes Yes High (Saltzman and Quantitative
including fabrics, Hatlelid, 2000), M |H.L1.1
textiles, and ' -
apparel; or plastic
articles (hard)
Chemical substances in automotive, fuel, agriculture, outdoor use products COU

Lawn and garden [Lawn and |Vermiculite soil treatment [0.1-3% Yes Yes Low X (U.S. EPA, 2000a), H |Quantitative
care products garden care H.1.1

products

Chemical substances in products not described by other codes COU

Chemical Vintage Metal dedener 10%° No Yes Low None None
Substances in artifacts in
Products not private
Described by collections;
Other Codes vintage

cars,

articles,

curios
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Ccou
Subcategory

Product
Type

Product Examples

Weight Fraction —
Percent Asbestos by
Weight (%0)

Friable by
Hand

Friable by
Sanding,
Cutting

Priority for
Consumer
Exposure
Evaluation

System. Review Data
with Evaluation
Rating

Exposure
Estimate Type

a (U.S. EPA, 1989)

b (CPSC, 1977)

¢ (Mowat et al., 2007)

4 (Boelter et al., 2016)

¢ (Hwang and Park, 2016)
f (Paustenbach et al., 2004)
9(Rohl et al., 1975)

h (Saltzman and Hatlelid, 2000)

' (U.S. EPA, 2000a)

I Limited exposures for DIY consumers because consumers are assumed to unlikely sand or cut materials
kReduced exposure potential due to expected lifetime of product/article
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3.1.3.2 Activity-Based Scenarios and Data Sources
For prioritized products/articles in Table 3-5 that a consumer may encounter, EPA searched the
systematic review references tagged to identify experimental, monitoring or modeling studies that
measured asbestos fibers released during potential activity-based scenarios. The studies and data used in
this evaluation were selected for applicability using the following criteria:

e Keyword: Within articles screened at full-text, the title or abstract mention the targeted friable
consumer products listed in Table 3-5.

e Scenario: Asbestos fibers released from specific tasks or activities that a DI'Y user may perform.
Studies evaluating workers were included.

e Country: United States, Canada, and high-income foreign countries.

e Timeframe: Sampling conducted since 2000, although prior years are considered given limited
availability of data and most likely timeframe of use of asbestos-containing products.

e Media Type: Personal breathing zone data for a DIY user; indoor or outdoor area air data for a
bystander.

e Analytical Method/Units: PCM or TEM measured as fibers/cc with the identification of
asbestos fiber type and size within the scope of this evaluation (i.e., fibers >5 pum and 3:1 aspect
ratio).

Table 3-5 includes columns noting the relevant references for each product/article, including the study
quality evaluation rating: high (“H”’), medium (“M”), or low (“L”). Studies with quantitative information
are further assessed to provide quantitative exposure concentrations; these studies all had high or
medium ratings. For products where quantitative information was not available in the literature,
exposure and risk potential is either discussed qualitatively or unable to perform a full quantitative
assessment (“None” in last column). Products that are not likely to result in fiber releases from routine
use or modifying activity was deemed qualitative analysis and no further analysis was performed
(“None” in last column). For the scenarios evaluated quantitatively, the activity-based scenarios include
scenarios where the product/article is either disturbed or replaced (or both).

3.1.3.3 Concentrations of Asbestos in Activity-Based Scenarios
Studies identified in Table 3-5 were used to estimate exposure concentrations for each activity-based
scenario. The concentrations identified for bystanders were reported area air concentrations or
approximated concentrations using a reduction factor (RF). For activity-based scenarios that have
reported both personal data (which represents DIY users) and area data (which represents bystanders),
RFs were calculated by dividing the personal exposure concentration by the area exposure
concentration. The resulting RFs were averaged across all activity-based scenarios to obtain an overall
average default RF value of 6. This RF was used to approximate concentrations for activity-based
scenarios that did not have bystander (area) data reported. For these scenarios, the reported personal
exposure concentration for DIY users was divided by 6 to obtain the bystander exposure concentration.
The scenarios evaluated quantitatively extracted data are summarized in Table 3-6.

3.1.3.4 Summary of Inhalation Data Supporting the Consumer Exposure Assessment
Table 3-6 summarizes the activity-based asbestos concentration data from the above studies identified
by the systematic review process for each subcategory evaluated quantitatively for consumers and
bystanders. The low-end (LE), central (CT), and high-end (HE) tendency concentrations for each DI'Y
activity-based scenario for users and bystanders are summarized by specific product examples and by
COU. The references identified via the systematic review process are also described by year of sampling
or performed activity, method used to characterize asbestos fibers, and the systematic review rating
result for the specific reference. All but one reference had ratings of medium and the one reference was
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rated as high, indicating that the studies had a few minor faults, but overall appropriate to use in this
analysis. The year sampled also provides confidence in application of the data for current exposure
scenarios considering legacy uses of ashestos containing products. These inhalation concentrations are
used to calculate the risk estimates in Sections 5.1.3 and 5.3.2.3.
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Table 3-6. Summary of Activity-Based Scenario Studies and Exposure Point Concentrations
Systematic Review Studies Activity-Based Scenario Concentrations (f/cc)
g roduclt Activity-Based Scenario DIY User Bystander
Ellalls Source Year | Method | Rating
LE HE CT LE HE CT
Construction, paint, electrical, and metal products COU: construction and building materials covering large surface areas subcategory
Outdoor, disturbance/repair  [(Mowat et al. 2005 PCME High ]0.0044  |0.0097 0.0069 [0.00074 2 |0.00162 [0.00122
. (sanding or scraping) of 2007)
Roofing roofing materials
materials 15 ido0r, removal of roofing |(Lange et al. 2000 PCM | Medium [0.005° [0.01®  [0.005° [0.005° [0.01®  [0.005°
materials 2008)
Plaster Indoor, removal of plaster (Lange et al., 2000 PCM Medium [0.01 0.05 0.02 0.005° [0.01° 0.005°
2008)
Indoor, disturbance (sliding) |(Boelter et al. 2016 PCME | Medium |0.023° [0.045° |0.023° [0.023® |0.045° [0.023°
of ceiling tiles 2016)
Ceiling tiles - -
Indoor, removal of ceiling (Lange et al. 1991 PCM, Medium |0.005 0.019 0.009 0.00082 10.00322 [0.0015%
tiles 1993) TEM
Flooring Indoor, removal of vinyl floor |(Lundgrenetal., | 1990 PCM, Medium ]0.0056 ¢ ]0.0056 ¢ [0.0056 ¢ [0.0004°¢ ]0.0004° |0.0004 ¢
tiles tiles 1991) SEM
Indoor, disturbance/repair (Ewing et al. 2010 PCM Medium [1.16 ¢ 1.16°¢ 1.16°¢ 0.493°¢ 0.493° 0.493°¢
L il (cutting) of attic insulation. 2010)
oose-fi
Insulation |!ndoor, moving and removal [(Ewing et al., 2010 PCM Medium ]0.97 9.27 512 0.455 1.543 0.999
(with vacuum) of attic 2010)
insulation
Construction, paint, electrical, and metal products COU: fillers and putties subcategory
Spackle Indoor, disturbance (pole or  [(Rohl et al., 1979 PCM Medium [1.25 25.87 13.9 1.95 9.55 5
hand sanding and cleaning) of |1975)
spackle
Coatings, |Indoor, disturbance (sanding [(Paustenbach et 2004 PCME | Medium (0.023 0.04 0.023 0.003 0.008 0.003
mastics, and cleaning) of coatings, al., 2004)
adhesives |mastics, and adhesives
Mastic Indoor, removal of floor (Lange et al. 2000 PCM Medium [0.005° ]0.01° 0.005® ]0.005° [0.01° 0.005°
tile/mastic 2008)
Caulking  [Indoor, removal of window  [(Lange et al. 2000 PCM Medium [0.005° [0.01° 0.005° ]0.005° [0.01° 0.005°
caulking 2008)

subcategory

Furnishing, cleaning, treatment care products COU: construction and building materials covering large surface areas, including fabrics, textiles, and apparel
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Systematic Review Studies Activity-Based Scenario Concentrations (f/cc)
Product L .
Activity-Based Scenario DIY User Bystander
Example Source Year | Method | Rating
LE HE CT LE HE CT

Oven Use of mittens for glass (Cherrie et al. 2005 PCM Medium |0.12 0.53 0.29 0.022 0.0882 |0.049%
mittens and |manufacturing, (proxy for 2005)
potholders |oven mittens and potholders)

@ No area data was reported for bystanders; default average RF of 6 was used to estimate bystander exposure concentrations.

b Non-detect scenario; LOD was used for HE and % LOD was used for CT and LE.

¢ Study only reported one value; this was used for LE, HE and CT.

f/cc = fibers per cubic centimeter; LE = low-end; HE = high-end; CT = central tendency; PCM - phase contrast microscopy; PCME = PCE equivalent; RF = reduction
factor of 6; TEM = transmission electron microscopy
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3.1.3.5 Consumer DIY Scenarios Concentration Uncertainties and Variability
EPA targeted studies that aimed to replicate common activities with asbestos-containing materials and
followed acceptable sampling and analytical methods. This section explores the uncertainty associated
with the data used to build DIY activity-based scenarios for all product examples. Table 3-7 summarizes
the discussion points in this section.

As discussed in Section 3.1.3.1, there are numerous legacy asbestos-containing friable products that a
consumer might be able to encounter. However, the SR did not identify appropriate literature for every
potentially friable product expected to have some legacy use, and therefore, EPA could not quantify
activity-based scenarios for every friable product. In the absence of product or activity-based specific
data, EPA used proxies, approximations, and assumptions in some instances. In other instances, the
product was not evaluated, which remains an uncertainty despite the very low likelihood of a
consumer’s exposure potential to these products.

For bystander exposures, only one paper Boelter et al. (2016) directly measured potential exposures to a
bystander (a person who was observing the ceiling panel work). For all other scenarios, area data were
used to approximate bystander exposure, and a default average RF of 6 was used to estimate bystander
exposure concentrations when studies did not report area data. Various factors may impact the
magnitude of exposures for bystanders. Particle deposition due to indoor air dynamics can reduce
particle transportation away from the activity. Additionally, distance from the activity can reduce
bystander exposures. As no adjustments were made to the RF to account for deposition or distance,
using the average value of 6 may potentially overestimate bystander exposures. Conversely, in the
studies reviewed, there was one instance in Rohl et al. (1975) where area measurements for sanding
spackling were greater than the personal measurements, suggesting it is possible for a bystander to have
greater exposures than a DIY user.

Due to the lack of specific information on DI'Y consumer exposures, occupational studies measuring
exposure to professionals were often used as proxies. There is uncertainty in using occupational data for
consumers due to differences in building volumes, air exchange rates, available engineering controls,
and potential use of PPE. If available, EPA used data under certain environmental conditions expected
to be more representative of a DIY user (i.e., no engineering controls and no PPE use). For example, in
Ewing et al. (2010), the authors studied attic insulation removal using both wet and dry methods, and
EPA only used the dry method data to evaluate DIY user exposures. It is assumed that DIY users still
use work practices that have been discontinued in professional settings or practices too sophisticated for
typical DIYers available resources.

There is uncertainty associated with studies that did not report asbestos size. Although EPA targeted
studies that reported asbestos concentrations for fibers >5 um and 3:1 ratio (the “respirable” size range),
several of the identified studies did not report fiber size: Ewing et al. (2010), Lange et al. (1993),
Lundgren et al. (1991), Cherrie et al. (2005), Boelter et al. (2016), Mowat et al. (2007), Paustenbach et
al. (2004), and Lange et al. (2008). Generally, 50 to 98 percent of asbestos fibers are less than 5 um,
according to Wilson et al. (2008) and Lee and Van Orden (2008). Including asbestos concentrations < 5
pm would result in the use of larger concentrations values, this means that the reported concentrations of
asbestos may overestimate risk.

Any air sampling measured only using PCM analysis may overestimate asbestos exposures as PCM
measures total fibers and does not determine the composition of fibers. The method on its own cannot
distinguish among different non-asbestos and asbestos fiber types. In the consumer evaluation, two
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papers only utilized PCM analyses, Lange et al. (2008) and Cherrie et al. (2005), so the selected
exposure point concentrations for the activity-based scenarios associated with these papers may result in
overestimates of asbestos exposure.

Table 3-7. Qualitative Assessment of the Uncertainty and Variability Associated with
Concentrations Data Used in Consumer Assessment

Variable Name Effect lillrjc?\;ta;r;tgl Eﬁrll\z b:_l:)t 3;
Friable asbestos Determination of products with potential to release M L
classification ° asbestos fibers.

Asbestos fiber sizes © Concentration data used may include smaller particle H H
sizes and hence overestimate risk.
Overall sample analysis Non asbestos fibers specific methods may include L L
method such as TEM, non-asbestos fiber concentrations and overestimate
PCM, SEM, PCME ¢ risk. Most studies used TEM to confirm asbestos
fibers.
Overall consumer DIY Concentrations used in risk calculation estimates. M M @
concentration data

2L = low; M = moderate; H = high

b Data sources for this information originated from this risk assessment assessor’s professional judgment and NESHAP, 40
CFR Part 61, subpart M "friable asbestos” definition interpretation.

¢ Data sources for this information originated from the systematic review identified studies measurements.

4 Low-end to high-end concentration ranges were within the same or one order of magnitude difference for all scenarios
concentrations.

3.1.4 Indoor Air

Asbestos-containing materials are still found in indoor environments such as residences, offices,
schools, and other public places that people frequent, primarily from the legacy use of in-service
building materials at the end of their life cycle. These exposures contribute to the totality of indoor air
exposure and correspond to the COU for (1) construction, paint, electrical, and metal products and (2)
furnishing, cleaning, treatment care products. Asbestos indoor air exposures can include indirect
exposures from minor uses and disturbances of legacy consumer products (e.g., attic insulation) in the
home (Section 3.1.2), job-related take-home exposures (Section 3.1.4), and infiltration of outdoor air in
urban/rural areas or areas of naturally occurring asbestos (Section 3.3.1). The relative contribution of
different sources of ashestos to the indoor environment is not well characterized. The indoor air
exposure assessment in this section focuses only on passive asbestos levels in buildings that have known
or unknown asbestos-containing materials in the building structure, not associated with the activity-
based consumer and take-home scenarios. EPA searched the systematic review extraction results for
representative data to use in a quantitative assessment, using the following criteria:

Country: United States or Canada

Timeframe: Sampling conducted since 2000

Media Type: Indoor air or suspended dust

Microenvironment: Living or common areas of residential buildings and public and

commercial buildings (including schools)

e Scenario/Source:

o Includes with or without the confirmed presence of ACM in the home or building, such
as attic insulation.

o Excludes monitoring of activity-specific consumer tasks and take-home exposure tasks
(see Section 3.1.2 and 3.1.4).

o Excludes monitoring following disasters (e.g., fallout from World Trade Center [WTC]
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terrorist attack) and monitoring influenced by legacy activities not under assessment in
Part 2, such as mining.
e Sampling Duration: Durations close to daily time spent indoors preferred (i.e., 8 hours).

No studies were identified which meet all of the above criteria for residential buildings, public buildings,
or school buildings. However, four US studies which met most of the criteria for residential buildings
are discussed in more detail below, including rationale for not continuing with quantitative analysis.

Tang et al. (2004) — Residential indoor concentrations of asbestos were measured in living rooms and
bedrooms of 25 apartment residences, as well as from 9 building-interior common areas in upper
Manhattan, New York, in 2002. While these indoor spaces were sampled following the World Trade
Center (WTC) terrorist attack in 2001, their location (5 to 12 miles from the WTC) was minimally
impacted by dust fallout, and the concentrations of various contaminants were intended to represent non-
apportioned levels due to building-related materials and combustion byproducts in urban residential
dwellings. The targeted asbestos fiber size for those quantified using PCM were greater or equal to 5 um
and a ratio of greater or equal to 3:1, and sample duration was 8 hours. Quantification was also
conducted by TEM-AHERA (Asbestos Hazard Emergency Response Act; >0.5 um and a ratio of >5:1)
and PCME (=5 um and a ratio of >5:1). This study was not designed for specifically detecting asbestos
in indoor air and the presence of asbestos-containing material was not reported. PCM was used to
identify 21 samples out of 50 (42 percent) as containing fibers. Forty-eight samples were also analyzed
using TEM and PCME. For this further analysis, only two samples detected asbestos and both were at
the same level as the detection limit of 0.004 s/cc. In addition, neither method used the preferred fiber
size criteria (>5 um) and a ratio of greater or equal to 3:1. Common areas of the apartment buildings
were also sampled with similar results. This study is not being used for a quantitative risk evaluation
because there were no detections above the detection limit and it does not satisfy the fiber size criteria.

Hoppe et al. (2012) — Asbestos fibers in indoor air were sampled from the family room of flood-
damaged residences after remediation (n = 47), following the cresting of the Cedar River in Cedar
Rapids, lowa, in June 2008. Homes were originally built between 1890 and 2008. According to the
study, remediation followed “mucking and gutting” and generally entailed removal and replacement of
cabinetry, drywall, flooring, and insulation with a drying-out period between removal and replacement.
Asbestos samples were collected using active samplers for a 24-hour period and were analyzed using
PCM (fiber size and ratio not reported). Fibers were found via PCM in 27/47 samples, but this analytical
method only captures total fibers, and is not specific to asbestos. There was no confirmation of asbestos
in materials nor by confirmatory TEM sampling, likely because asbestos sampling was only one
contaminant on a more comprehensive list of indoor air contaminants, with the primary purpose of
identifying mold.

Lee and VVan Orden (2008) — In the United States, indoor air samples were collected from 752 various
types of buildings, including 5 residential buildings and 234 public/commercial buildings, over a 10-
year period. The exact time period of sampling was not provided but was presumed to primarily occur in
the 1990s. The buildings sampled were the subject of litigation related to suits alleging the general
building occupants were exposed to a potential health hazard as a result of the presence of asbestos-
containing materials. Samples were collected under conditions of normal occupancy over a 2-day period
for at least an 8-hour sample duration. Sample analysis was conducted by TEM and results were
provided for various fiber definitions. However, this study did not report specific results and provided
no statistical information on the sampling such as minimum, maximum, or frequency of detection. Only
one average result was reported: 0.00005 f/mL via TEM. EPA did not use this concentration for a
guantitative risk evaluation because the data are not likely to represent current exposures and there is
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limited sampling data and methods reported—the one average residential sample reported was
calculated from other averages.

Spear et al. (2012) — Asbestos in indoor air of living spaces was measured in 46 homes in Montana with
the confirmed presence of asbestos in vermiculite attic insulation or other ACM. High-volume samples
were collected for a mean of 2 hours. All samples (n = 248) were analyzed by PCM, while only those
with a concentration exceeding 0.01 f/ mL by PCM or the two highest in each home (n = 158) were
further analyzed by TEM. Fiber size and ratio were not reported for either method. TEM results found
15 samples (9.5percent) detected asbestos and one exceeded 0.01 structures/cc, which is the Montana
clearance level. This sample was from a basement with asbestos containing structures, but the actual
concentration was not reported.

For U.S./Canadian studies with public building or school building data collected since 2000, the studies
were not appropriate for the assessment because they were activity based (during repair or removal of
ACM) and evaluated under the consumer DIY scenarios in Section 3.1.3. Therefore, extracted data for
these microenvironments are not further discussed.

The Asbestos-Containing Materials in Schools Rule pursuant to the Asbestos Hazard Emergency
Response Act (AHERA) was promulgated in 1987 with the purpose of inspecting schools for asbestos-
containing material, preparing asbestos management plans and conducting needed asbestos response
actions (i.e., asbestos removal, encapsulation, enclosure, or repair) to prevent or reduce asbestos hazards.
The focus of the AHERA program is to manage the identified asbestos-containing material in place and
undisturbed if non-friable (preferred approach) or perform asbestos response actions to address damaged
or friable asbestos. The associated AHERA data were not used in this indoor evaluation as most of it is
not representative of non-occupational exposures. The AHERA data relate to occupational exposures
during abatement efforts in which engineering and administrative controls along with PPE are required
and careful approaches are used to prevent exposure to the general population.

3.1.4.1 Conclusions for Indoor Air
The available information regarding passive or non-source attributed asbestos concentrations in indoor
air of residential and public buildings is not sufficient for EPA to conduct a quantitative exposure
assessment. This is not unexpected, as literature suggests that asbestos levels in indoor air are not
typically detected unless the asbestos-containing material is disturbed in some way that allows fibers to
become airborne; the mere presence of ACM in a building does not equate to asbestos exposure, as
shown in Tang et al. (2004). As such, most studies determine asbestos concentrations from activity-
based sampling conducted during disturbances of ACM. EPA has evaluated handler (user) and bystander
(non-user) activity-based scenarios in Section 3.1.1 for occupational exposures, Section 3.1.2 for
consumer exposures, and in Section 3.1.3 for take-home exposures.

3.2 Environmental Releases

3.2.1 Industrial and Commercial

EPA combined its estimates for annual releases, release days, and number of sites to estimate a range of
daily air, water, and land releases for each OES. A summary of releases across sites is presented in
Table 3-8. These release estimates are for total releases from a site and may include multiple points of
release, such as multiple outfalls for discharges to surface water or multiple points sources for air
emissions. Site-specific releases, estimation methodology, and details on deriving the overall confidence
score for each OES in Table 3-8 are presented in Appendix E. It is important to note that EPA provides
qualitative assessments of potential releases for the Handling of vermiculite-containing products OES
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1818  (Appendix E.14.2) and the Mining of non-asbestos commaodities OES (Appendix E.15.2); therefore,
1819 releases and number of sites are not quantified for the two aforementioned OESs.
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1820 3.2.1.1 Summary of Daily Environmental Release Estimates
1821
1822  Table 3-8. Summary of Daily Environmental Release Estimates for Asbestos

Estimated Daily Release Range

Estimated

_ Ty_pe of I_Dls_chegrge, Num_ber across Sites Release nggh_t _of
Occupational Exposure Air Emission,® or of Sites . Frequency Scientific Sources
Scenario (OES) Transfer for with (kg/site-day) s S Evidence
Disposal® Releases* Min Max Conclusion
(days)"
Handling asbestos- Fugitive air 46,789 7.6E-04 0.15 TRI, NEI
containing building Stack air 46,789 |0 0 Moderate to | TRI, NEI
materials during 12 Robust
maintenance, renovation, Surface water 46,789 | 0.11 4.0 NRC
and demolition activities | Landfill 46,789 | 411 814 TRI
Handling asbestos- Fugitive air 97,920 | 9.1E-03 1.8
containing building Stack air 97920 |0 0
materials during 1 Moderate Surrogate
firefighting or other Surface water 97,920 1.4 45 OES Data*
disaster response Landfill 97,920 | 4,935 9,764
activities
Fugitive air 29,211 9.1E-05 9.0E-02 TRI, NEI
Use, repair’ or removal of Stack air 29,211 0 6.6E-05 TRI, NEI
industrial and commercial | Surface water 20211 |0 0 250 Moderate to TRI,
appliances or machinery Robust Professional
containing asbestos Judgment'
Landfill 29,211 67 627 TRI
Fugitive air 15,592 | 2.7E-04 0.35 TRI, NEI
Stack air 15,592 8.5E-03 1.4E-02 TRI, NEI
Handling articlesor | Surface water 15592 |0 0 Moderateto | TR,
formulations that contain 250 Robust Professional
asbestos Judgment'
Landfill, transfer to 15592 | 56 233 TRI
waste broker
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i Estimated Daily Release Range Estimated )
Type of Discharge, Number 20r0ss Sites Release Weight of
Occupational Exposure Air Emission,? or of Sites . Frequency Scientific Sources
Scenario (OES) Transfer for with (kg/site-day) across Sites Evidence
Disposal® Releases* ; Conclusion
p Min Max (days)d
Fugitive air 4,972 6.3E-03 7.4E-02 TRI, NEI
Stack air 4,972 9.1E-04 9.5E-02 TRI, NEI
Waste handling, disposal, | Surface water 4972 10 0 250 Moderate to TRI,
and treatment Robust Professmrgal
Judgment
Landfill, off-site 4,972 765 1.0E04 TRI
management

2Emissions via fugitive air; stack air; or post-incineration emissions.

® Transfer to surface impoundment, land application, or landfills.
®Where available, EPA used U.S. Census Bureau data and literature search data to provide a basis to estimate the number of sites using asbestos within an

OES.

dWhere available, EPA used literature search data and assumptions to provide a basis to estimate the number of release days of asbestos within an OES.

¢ For this OES, EPA assumed that the releases from an uncontrolled fire/clean-up would be similar to releases from demolition. Therefore, this estimate uses
the calculated air releases from maintenance, renovation, and demolition activities.
"The TRI data gathered shows no discharges of ashestos to water. There may be incidental discharges of asbestos from this OES; however, EPA expects those

releases to be low.
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3.2.1.2 Weight of Scientific Evidence Conclusions for Environmental Releases from
Industrial and Commercial Sources

For each OES, EPA considered the assessment approach, the quality of the data and models, and
uncertainties in assessment results to determine a level of confidence as presented in Table 3-8.

The Agency considered factors that increase or decrease the strength of the evidence supporting the
release estimate—including quality of the data/information, applicability of the release data to the COU
(including considerations of temporal relevance, locational relevance) and the representativeness of the
estimate for the whole industry. The best professional judgment is summarized using the descriptors of
robust, moderate, slight, or indeterminant, according to EPA’s Asbestos Part 2 Systematic Review
Protocol. For example, a conclusion of moderate is appropriate where there is measured release data
from a limited number of sources such that there is a limited number of data points that may not cover
most or all of the sites within the OES. A conclusion of slight is appropriate where there is limited
information that does not sufficiently cover all sites within the OES, and the assumptions and
uncertainties are not fully known or documented. See EPA’s Draft Systematic Review Protocol
Supporting TSCA Risk Evaluations for Chemical Substances (U.S. EPA, 2018a) for additional
information on weight of scientific evidence conclusions.

For air, water, and land releases, all monitoring data had data quality ratings of medium/high. For
releases modeled with TRI/NEI/NRC, the weight of scientific evidence conclusion was moderate to
robust since information on the conditions of use of ashestos at sites in TRI and NEI is limited, and NRC
does not provide the condition of use of asbestos at sites. For the handling asbestos-containing building
materials during firefighting or other disaster response activities OES, the weight of scientific evidence
conclusion was moderate since surrogate data from a different OES were utilized. While the surrogate
monitoring data had data quality ratings of medium/high, use of surrogate data may introduce
uncertainties related to the extent to which the surrogate OES and the OES being assessed are similar.
See Appendix E for a summary of EPA’s overall weight of scientific evidence conclusions for its release
estimates for each of the assessed OESs.

3.2.1.2.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for
the Environmental Release Assessment
EPA estimated air, water, and land releases of asbestos using various methods and information sources,
including TRI, NEI, and NRC data, surrogate OES data, and best professional judgement.

EPA estimated air and land releases using reported discharges from the 2016 to 2020 TRI. TRI datum
for asbestos were determined to have an overall data quality rating of medium through EPA’s systematic
review process. However, TRI data are self-reported and have reporting requirements that exclude
certain sites from reporting. Due to these limitations, some sites that handle asbestos may not report to
these data sets, are not included in this analysis and therefore actual environmental exposures may be
underestimated. Sites are only required to report to TRI if the facility has 10 or more full-time
employees, is included in an applicable North American Industry Classification System (NAICS) code,
and manufactures, processes, or uses the chemical in quantities greater than a certain threshold (25,000
Ib for manufacturers and processors and 10,000 Ib for users). In addition, facilities are only required to
disclose asbestos waste management practices and releases for the portion of asbestos that is friable. TRI
reporting is not required for other forms of asbestos (e.g., non-friable asbestos, asbestos in aqueous
solutions), which is a limitation of this assessment. Information on the use of asbestos at sites in TRI is
limited; therefore, there is some uncertainty as to whether the number of sites estimated for a given OES
do in fact represent that specific OES. While annual releases for a given site or facility are the same
regardless of the OES under investigation, the daily discharge of the site or facility depends on the
number of release days per year for the OES.
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EPA estimated air releases using reported discharges from 2014 and 2017 NEI data. NEI was
determined to have an overall data quality rating of high through EPA’s systematic review process. NEI
is a comprehensive and detailed estimate of air emissions of criteria pollutants, criteria precursors, and
hazardous air pollutants from air emissions sources. The NEI is released every 3 years based primarily
upon data provided by state, local, and tribal air agencies for sources in their jurisdictions and
supplemented by data developed by EPA. While state, local, and tribal air agencies are required to report
for criteria pollutants, reporting of hazardous air pollutants, such as asbestos, is voluntary. Therefore,
NEI may not include data from all emission sources. Like TRI, information on the use of asbestos at
sites in NEI is limited. Consequently, there is some uncertainty as to whether the number of facilities
estimated for a given OES do in fact represent that specific OES. While annual releases for a given site
or facility are the same regardless of the OES under investigation, the daily discharge of the site or
facility depends on the number of release days per year for the OES.

EPA estimated water releases using reported discharges from 2016 to 2022 NRC data. NRC was
determined to have an overall data quality rating of medium through EPA’s systematic review process.
The NRC is a part of the federally established National Response System and staffed by the U.S. Coast
Guard. It is the designated federal point of contact for reporting all oil, chemical, radiological, biological
and etiological discharges into the environment. However, the NRC only fields the initial incident
reports that have not been validated or investigated by federal/state response agencies. Therefore, there
IS some uncertainty in the accuracy of the information in the NRC data. For example, spill quantities are
often estimated or unknown. It is also possible that not all spill incidents are reported to the NRC such
that the available data likely does not encompass all spill related releases of asbestos.

Regarding estimation of the number of release sites, EPA relied on data from the U.S. Census for the
following three OESs: Use, repair, or removal of industrial and commercial appliances or machinery
containing asbestos; Handling articles or formulations that contain asbestos; and Waste handling,
disposal, and treatment. In such cases, the average daily release calculated from sites reporting to TRI,
NEI or NRC was applied to the total number of sites reported in (U.S. BLS, 2023). It is uncertain how
accurate this average release is to actual releases at these sites; therefore, releases may be higher or
lower than the calculated amount.

For the Handling asbestos-containing building materials during maintenance, renovation, and demolition
activities OES, EPA estimated number of sites through literature data. In the late 1980s, it was estimated
that 20 percent of buildings contain friable asbestos (U.S. EPA, 1988a). Similarly, for the Handling
Asbestos-Containing Building Materials During Firefighting or Other Disaster Response Activities
OES, one source estimated that 489,600 structure fires take place each year (NFPA, 2022a). This figure
in combination with the estimate of buildings with friable asbestos was used to estimate the number of
sites for this OES. Since the percentage of buildings with asbestos was estimated nearly 40 years ago
and asbestos use in construction has reduced since then, there is uncertainty resulting from this
conservative estimate. In addition, there is adding uncertainty in the assumption that all structure fires
are building fires. This could lead to an over or underestimation of the number of sites for these OESs.
In addition, the number of release days for these OES was estimated through literature data. For the
Handling asbestos-containing building materials during maintenance, renovation, and demolition
activities OES, four literature sources were compiled, averaging 12 release days/yr. For Handling
asbestos-containing building materials during firefighting or other disaster response activities, one
source was identified that stated 1 day/yr. There is uncertainty whether the compiled literature is
representative of all demolition and firefighting sites. This could lead to an over or underestimation of
the number of sites for these OESs.
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3.3 Concentrations of Asbestos in the Environment

The environmental exposure characterization focuses on air, land, and aquatic releases of asbestos from

activities that use or dispose asbestos under industrial and/or commercial conditions of use in this risk
evaluation. To characterize environmental exposure, EPA assessed point estimate exposures derived
from both measured and predicted concentrations of ashestos in ambient air, surface water, and
sediments in the United States.

3.3.1

Ambient Air Pathway

Sources of asbestos fibers in ambient air can be from construction materials that are damaged by
demolitions and remodeling projects, weathering, disposal of asbestos containing materials, activities
under all OESs and COUs, and disturbance of natural sources containing asbestos. The following
sections summarize the data used to evaluate environmental and general population exposures from
available studies that have measured asbestos in ambient air (Section 3.3.1.1) and modeling efforts for
environmental releases from activity-based scenarios (Section 3.3.1.2).

3.3.1.1 Measured Concentrations in Ambient Air
Table 3-9 Ambient air scenarios are matched to COUs that best fit under the description provided by the
study. One or several COUs can be matched to a scenario depending on the activities performed or
materials identified as sources of asbestos by the studies.

Table 3-9. Summary of Published Literature for Measured Ambient Air Concentrations

. . Summary Stats Per Proposed
cou Agﬁ'ﬁg:i’g'r Source Description Scenario (f/cc
LE? CT® HE®
. . (Lange et al., 2008)
glggtsrtirg;tlgga F;ﬁlergl Near source in Location: Eastern us
' . Sampling Date: 2000
products public urban space Rating: Medium
— during remodeling = 3.1E-3 1.1E-2 | 2.0E2
Furnishing, and demolition (Neitzel et al., 2020)
cleaning, treatment | Aotivities Location: Detroit, Ml
care products Sampling Date: 2017
Rating: Medium
Construction, paint, (Nolan and Langer, 2001) 1.0E-3 1.7E-3 | 2.2E-3
electrical, and metal Near source urban Location: Various U.S.
products . : Sampling Date: 2001
— public space with S -
Furnishing, fi . . Rating: Medium
; ireproofing material
cleaning, treatment
care products
Disposal, including | Perimeter to (ATSDR, 2015) 3.0E+4 53E-3 | 6.3E-3
distribution for asbestos disposal Location: Ambler, Montgomery
disposal and waste locations | County, Pennsylvania, BoRit Site
Sampling Date: 2008 and 2010
Rating Medium
2 LE is low-end tendency, usually the 10th percentile values if multiple data points are available or the minimum value of
one range reported.
b CT is the central tendency, 50th percentile if ranges are reported.
¢ HE is the high-end tendency, 95th percentile if multiple data points are available or the maximum value of one range
reported.
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EPA identified studies that reported measured asbestos concentrations in ambient air via the systematic
review process summarized in Table 3-9. A detailed description of reported data sources and statistics is
available in Appendix F.1. The studies are from the year 2000 and after to evaluate asbestos exposure
concentrations using data that best represents current asbestos fiber releases in the United States.

Lange et al. (2008) — The goal of this study is to determine exposure to airborne asbestos during
abatement of ceiling material, window caulking, floor tile and roofing materials. Perimeter and
other types of samples were collected within 10 ft of the containment structure that was under
abatement. The building was a school in the eastern part of United States with asbestos
containing materials. The type of samples used in this ambient air analysis was the perimeter
samples. The samples were a composite of at least 2 hours and were analyzed with PCM. The
study reported minimum, maximum, arithmetic mean, and geometric mean values of the five
types of products getting removed. All were under the detection limit. The study description was
linked to emissions of asbestos near the source during remodeling/demolition activities.

Neitzel et al. (2020) — The objective of this study is to report asbestos measurements taken
during the demolition of abandoned residential dwellings in urban locations. Investigators
collected air samples about 60 ft from around the demolition of 25 abandoned residential
dwellings and used TEM and PCM to analyze the samples. The study reported the number of
samples above the limit of detection, and the median, 75th percentile and 90th percentile
concentrations. Only the 90th percentile reported a value for 2 samples (out of 46) that contained
asbestos fibers. The study description was linked to emissions of asbestos near the source during
remodeling/demolition activities.

Nolan and Langer (2001) — Asbestos fibers were measured inside and outside buildings
containing asbestos from fireproofing materials. The goal of this study was to characterize the
airborne concentrations of asbestos fiber at twelve sites in and around buildings in diverse
geographical locations in the United States. The sampling strategy involved collecting both area
samples (where the sampling pump remained in one location during the entire period of
sampling) and personal samples (where the pump was attached to an individual). The various
locations are public spaces, such as airport terminals, convention centers, and schools. Samples
were analyzed with ATEM (analytical transmission electron microscope). The study reported the
average of nine samples that were below the detection limit. Only area samples were used for
this analysis and were linked to emissions of asbestos near sources such as asbestos containing
construction and fireproofing material.

ATSDR (2015) — The goal of this study was to evaluate exposure of a community to potentially
harmful contaminants and make any necessary recommendations to prevent and mitigate
exposures, as well as to ensure that the community has the best information possible to protect
their health. Sampling was conducted at the BoRit Asbestos Site, historically used to dispose of
asbestos-containing materials from the Keasbey & Mattison Company (K&M). The site is no
longer active, yet waste material remains in place. Each sampling event was 24 hours in duration,
and samples were analyzed via TEM. Fiber sizes corresponding to PCM, AHERA, and Berman-
Crump (TEM particle size and type) protocol fibers were documented. The study reported for
years 2008 and 2010, a minimum from one sample that was below detection limit, and a
maximum from the average of two samples that were above the detection limit. The data used for
this section of the RE were collected outside the perimeter of the BoRit site and are considered
non-source attributed asbestos disposal and waste handling activities.
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3.3.1.2 Modeled Concentrations in Ambient Air
Releases of asbestos fibers to ambient air from various industrial/commercial activities, described by
occupational exposure scenarios (OES), were used to estimate environmental concentrations and general
population exposure to these releases in Section 3.1.1.1. Table 3-1 and Table 3-10 summarize the OES
mapping to COUs and product examples. EPA used the Integrated Indoor-Outdoor Air Calculator
(INOAC), and the American Meteorological Society (AMS)/EPA Regulatory Model (AERMOD) to
estimate ambient air concentrations and particle deposition of asbestos from facility releases and
activity-based releases. IIOAC uses pre-run results from a suite of AERMOD dispersion scenarios at a
variety of meteorological and land-use settings, as well as release emissions, to estimate particle
deposition at different distances from sources that release chemical substances to the air. AERMOD, a
higher tier model, was utilized to incorporate refined parameters for asbestos particles suspended in air
as well as asbestos particle deposition.

The full inputs and results of IOAC and AERMOD are described and presented in Appendix F and
Asbestos Part 2 Draft RE - AERMOD Inputs and Outputs - Fall 2023 Supplemental File (see also
Appendix C). Briefly, AERMOD is a steady-state Gaussian plume dispersion model that incorporates air
dispersion based on planetary boundary layer turbulence structure and scaling concepts, including
treatment of both surface and elevated sources and both simple and complex terrain. AERMOD can
incorporate a variety of emission source characteristics, chemical deposition properties, complex terrain,
and site-specific hourly meteorology to estimate air concentrations and deposition amounts at user-
specified distances points of exposure and at a variety of averaging times. Readers can learn more about
AERMOD, equations within the model, detailed input and output parameters, and supporting
documentation by reviewing the AERMOD users guide (U.S. EPA, 2018c).

A full description of the input parameters selected for AERMOD and details regarding post-processing
of the results are provided in the Appendix F.2. EPA reviewed available literature to select input
parameters for deposition, particle sizes, meteorological data, urban/rural designations, and physical
source specifications (stack and fugitive releases). The ambient air environmental releases scenarios by
OES are for annual emissions for specific and generic facilities, fugitive and stack releases, rural and
urban populations (generic facilities only), and high-end and central tendency releases and
meteorological conditions (generic facilities only).

e The term facilities in this RE applies to permanent locations as well as temporary because
activities that release asbestos can be transitory, such as demolition, removal, and repair of
asbestos containing structures and materials, use and repair of appliances and machinery, and
firefighting activities. EPA developed scenarios for TRI facilities with ranges of emission rates
for unknown and transitory activities and are referred to as “generic facilities.” Specific facilities
are those that reported TRI and NEI emission data and description of asbestos release activities
which are matched to an OES. In addition, Table 3-10 summarizes OES for which EPA
estimated released concentrations for specific and generic facilities.

e Fugitive and stack releases are two source types. Stack releases are a point source, and fugitive
releases are area source releases. These source types have different plume and dispersion
characteristics that are accounted for differently within the model. Because AERMOD stack
modeling is for real stack emissions and requires inputs for stack operation, see Section F.2.3,
EPA deemed this modeling effort to not be representative of asbestos point source emissions for
activities performed at the temporary or stationary locations in which asbestos fibers are
released.
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e All generic facilities were simulated as rural and urban. A facility is in an urban area if it had a
population density greater than 750 people per square kilometer (km) within a 3-km radius.

e All modeling scenarios utilized several rings of estimating exposures at distances 10, 30, and
60m from the source for co-located general populations and 100 to 1,000, 2,500, 5,000, and
10,000m from the source for non-co-located general population.

e Specific facilities meteorological data used the same AERMOD-ready meteorological data that
EPA’s Risk and Technology Review (RTR) program uses for risk modeling in review of

National Emission Standards for Hazardous Air Pollutants (NESHAP). The RTR 2019

meteorological data set was used to model emission years 2018 and 2019. Meteorological data
from 2016 were used for emission years 2014 to 2017, covering 824 stations, which the RTR
program used prior to the updates to the 2019 data set. Generic facilities meteorological data
were modeled twice with two different meteorological stations. EPA’s IIOAC utilized a
meteorological station for each region of the country, and from this data set, it was determined
that meteorological conditions from Sioux Falls, South Dakota, led to central tendency (CT)
modeled concentrations and particle deposition. Meteorological conditions from Lake Charles,

LA led to high-end (HE) modeled concentrations relative to the other regional stations.

e Central tendency and high-end annual air concentrations were calculated for generic facilities
releases using the central tendency and high-end release rate data, which corresponds to the
average and the 95th percentiles.

Table 3-10. Release Scenarios Considered for Ambient Air and Deposition Modeling

OES

COU and Subcategory

Facility
Specific
Fugitive
Analysis

Generic
Facility
Fugitive
Analysis

Handling articles or
formulations that
contain asbestos

COU: Construction, Paint, Electrical, and Metal Products
Subcategory: Solvent-based/water-based paint, fillers, and
putties

COU: Furnishing, Cleaning, Treatment Care Products
Subcategory: Furniture & furnishings including stone, plaster,
cement, glass, and ceramic articles; metal articles; or rubber
articles

COU: Packaging, Paper, Plastic, Toys, Hobby Products
Subcategory: Packaging (excluding food packaging), including
rubber articles; plastic articles (hard); plastic articles (soft) and
Toys intended for children’s use (and child dedicated articles),
including fabrics, textiles, and apparel; or plastic articles (hard)

v

Handling asbestos-
containing building
materials during
maintenance,
renovation, and
demolition
activities

COU: Construction, Paint, Electrical, and Metal Products
Subcategory: Construction and building materials covering large
surface areas, including paper articles; metal articles; stone,
plaster, cement, glass, and ceramic articles

COU: Furnishing, Cleaning, Treatment Care Products
Subcategory: Construction and building materials covering large
surface areas, including fabrics, textiles, and apparel

Use, repair, or
disposal of
industrial and
commercial
appliances or

COU: Construction, Paint, Electrical, and Metal Products
Subcategory: Machinery, mechanical appliances,
electrical/electronic articles and other machinery, mechanical
appliances, electronic/electronic articles
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Handling asbestos-
containing building
materials during
firefighting or other
disaster response
activities

COU: Construction, Paint, Electrical, and Metal Products
Subcategory: Construction and building materials covering large
surface areas, including paper articles; metal articles; stone,
plaster, cement, glass, and ceramic articles

COU: Furnishing, Cleaning, Treatment Care Products
Subcategory: Construction and building materials covering large
surface areas, including fabrics, textiles, and apparel

April 2024
Facility Generic
Specific Facility
OES COU and Subcategory Fugitive Fugitive
Analysis | Analysis
machinery
containing asbestos
Waste handling, COU and subcategory: Disposal, including Distribution for v
disposal, and Disposal
treatment fugitive
annual ambient air
risk
v

Specific Facilities

The modeled asbestos air concentrations for annual releases for specific facilities by OES tables are
available in Asbestos Part 2 Draft RE - Ambient Air Specific Facilities Released Concentrations - Fall
2023 Supplemental File (see Appendix C) and a description of the outputs is available in Appendix F.
Figure 3-5 shows overall annual air asbestos fiber concentration patterns for specific facilities by OES.
The range bars show the low and high-end tendencies, which were calculated from the average of the
10th and 95th percentiles for each OES.

e Figure 3-5 shows an overall pattern of decreasing ambient air asbestos fiber concentrations (f/cc)

away from the source for all OES for all fugitive emissions from specific facility.

e The decreasing pattern also shows that each OES concentration decreases about one order of

magnitude from one distance marker to the next. The asbestos concentrations in air have a sharp

drop for fugitive emissions between the co-located distances and general population, after the

100 m mark (not visible in the figures due to the log scale).

e The figures also show a wide range of asbestos concentrations among OES at the same distance

from the source ranging from 1 to 3 orders of magnitude difference.

e The cascading decreasing pattern for each distance shows the order of larger to smaller

concentrations by OES:

o Area emissions from activities related to handling asbestos-containing building materials

during maintenance, renovation, and demolition

o Area emissions from activities related to use, repair, or disposal of industrial and
commercial appliances or machinery containing asbestos

o Area emissions from waste handling, disposal, and treatment

o Area emissions from activities handling articles or formulations that contain asbestos
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Figure 3-5. Specific Facilities Ambient Air Concentrations by Distance from Source for Each OES

Figure 3-5 depicts the summary of the specific facilities ambient air concentrations by OES, and each
OES bar in Figure 3-5 is composed of releases from multiple specific facilities with a wide range of
descriptions available in Appendix F (Figure_Apx F-4, Figure_Apx F-5, Figure_Apx F-6, and
Figure_Apx F-7). The overall pattern of each figure in Appendix F is the same as that from Figure 3-5,
and the difference in concentrations among facilities under the same OES at the same distance from the
source can range from 3 to 6 orders of magnitude.

Generic Facilities

The modeled asbestos air concentrations for annual releases for generic facilities by OES tables are
available in Asbestos Part 2 Draft RE - Ambient Air Generic Facilities and Depo Concentrations - Fall
2023 Supplemental File (see Appendix C) and in Appendix F. Figure 3-6 shows simulated overall
annual air asbestos fiber concentration patterns for generic facilities by OES for fugitive emissions.

o Like specific facilities, the simulated generic facilities show a pattern of decreasing ambient air
asbestos fiber concentrations (f/cc) away from the source for all OES.

o Like specific facilities, the generic facilities also show a difference of 1 to 2 orders of magnitude
from distance marker to the next for the same generic facility simulation.

e There is no marked difference between rural and urban populations for concentrations within the
same distance marker.

e Fugitive emission concentrations for all OES at the same distance marker are all within the same
order of magnitude.

e There is a 2 orders of magnitude difference between HE and CT emissions (HE is shown by the
lined bars in the figures). The main difference driver is the use of meteorological data from Lake
Charles, Louisiana, for the HE emissions estimates and Sioux Falls, South Dakota, for CT
emissions estimates simulations.
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Figure 3-6. Generic Facilities Ambient Air Concentrations by OES for Rural, and Urban Fugitive
Emissions

3.3.1.3 Concentrations of Asbestos in Ambient Air Summary

The ambient air scenarios built using literature studies monitoring data and the modeled ambient air
specific and generic facilities aim to capture an overall general picture of asbestos released to ambient
air in the United States from asbestos sources matched to OES and COUs. The measured concentrations
scenarios are commonly used to ground truth portions of the results from the ambient air modeled
scenarios for specific and generic facilities when describing similar distances from the source. Because
the transient nature of the activities performed under three of the OESs and the stationary nature of two
of the OESs there are wide ranges in asbestos fibers release concentrations within each COU and its
matching OES. Comparisons between measured and modeled data are to be used as a guidance rather
than ground truth. For example, the firefighting and fireproofing activities/products related scenarios.
Nolan and Langer (2001)’s ambient air samples distance from buildings containing these materials was
not specified.

EPA assumes from the study description that sampling was performed near the source, and hence within
the co-located region (0 to 100 m from source). The measured LE, CT, and HE concentrations from
Nolan and Langer (2001) are 1.0x1073, 1.7x1073, and 2.2x102 f/cc respectively, while the modeled
concentrations for HE scenarios range from 8.4x107* to 2.2x10°° f/cc and for CT scenarios range from
4.2x107° to 1.1x10 7! f/cc. The measured concentrations are an order of magnitude higher than the
highest HE value of the modeled concentrations closest to the source distance, 10 m, rather than any
other distance. Similar comparisons can be done to the HE measured concentrations for the demolition,
renovation, maintenance of asbestos-containing building materials OES. The measured HE value is
2.0x1072 f/cc and the specific and generic facilities HE 10 m values range from 1.1x1073to 1.7x1072
f/cc. The measured HE value is within the modeled HE range for this OES. Finally, EPA can compare
the HE measured concentration to the HE modeled concentration range for the waste handling, disposal,
and treatment OES. The measured value is 6.3x102 f/cc and the generic and specific facility modeled
concentrations ranged from 3.1x107° to 8.7x107 f/cc at 10 m distance from the source. The measured
value for this OES is on the higher side of the modeled concentrations range, but within the range.
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Modeled generic and specific ashestos air concentrations from occupational activity-based scenarios are
grouped and averaged by OES and divided by low-end, central, and high-end tendencies in Table 3-11
and Figure 3-7, for a detailed grouping by ambient air analysis summary see Appendix F.3. The
concentration values in Figure 3-5 and Figure 3-6 will be used to estimate risk to asbestos fiber
inhalation by the general population, Section 5.1.4 and environmental exposures in Section 4.
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Figure 3-7. Ambient Air Concentration Summary
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Table 3-11. Ambient Air Concentration Summary?
Distance From the Source (m)
OES Ccou
10 30 60 100 1,000 2,500 5,000 10,000
Low-end tendency ambient air concentrations

Waste handling, disposal, COU: Disposal, including 1.9E-3 2.5E-4 5.1E-5 1.4E-5 1.6E-7 2.2E-8 7.8E-9 2.7E-9
and treatment fugitive distribution for disposal
Handling asbestos-containing | COU: Construction, paint, 4.5E-3 6.4E-4 1.2E-4 3.0E-5 2.5E-07 2.3E-8 9.3E-9 3.5E-9
building materials during electrical, and metal products
maintenance, renovation, and | COU: Furnishing, cleaning,
demolition activities fugitive treatment care products
Use, repair, or disposal of COU: Construction, paint, 2.6E-3 3.0E—4 5.6E-5 1.6E-5 2.0E-07 2.9E-8 1.0E-8 3.4E-9
industrial and commercial electrical, and metal products
appliances or machinery
containing asbestos fugitive
Handling articles or COU: Construction, paint, 3.1E-4 2.1E-4 2.0E-4 19E-4 4.4E-07 1.3E-7 5.0E-8 1.6E-8
formulations that contain electrical, and metal products
asbestos fugitive COU: Furnishing, cleaning,

treatment care products

COU: Packaging, paper, plastic,

toys, hobby products

Central tendency ambient air concentrations

Waste handling, disposal, COU: Disposal, including 4.5E-3 7.7E-4 1.8E—4 5.3E-5 1.8E-6 7.4E-8 2.6E-8 9.1E-9
and treatment fugitive distribution for disposal
Handling asbestos-containing | COU: Construction, paint, 3.3E-3 6.3E-4 1.5E-4 4.4E-5 1.3E-6 5.1E-8 1.8E-8 7.0E-9
building materials during electrical, and metal products
maintenance, renovation, and | COU: Furnishing, cleaning,
demolition activities fugitive treatment care products
Use, repair, or disposal of COU: Construction, paint, 2.1E-3 3.3E4 7.5E-5 2.2E-5 7.9E-7 3.5E-8 1.3E-8 4.4E-9
industrial and commercial electrical, and metal products
appliances or machinery
containing asbestos fugitive
Handling articles or COU: Construction, paint, 4.6E-4 2.4E-4 2.0E—4 1.9E-4 5.0E-6 2.8E-7 1.1E-7 4.0E-8

formulations that contain
asbestos fugitive

electrical, and metal products
COU: Furnishing, cleaning,
treatment care products

COU: Packaging, paper, plastic,
toys, hobby products
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Distance From the Source (m)
OES Ccou
10 30 60 100 1,000 2,500 5,000 10,000
Handling asbestos-containing | COU: Construction, paint, 4.2E-6 1.1E-6 3.1E-7 1.0E-7 3.3E-9 1.0E-10 | 3.1E-11 | 1.1E-11
building materials during electrical, and metal products
firefighting or other disaster | cOU: Furnishing, cleaning,
response activities fugitive treatment care products
High-end tendency ambient air concentrations

Waste handling, disposal, COU: Disposal, including 8.7E-3 1.8E-3 4.5E-4 1.4E-4 6.0E—6 1.6E-7 5.5E-8 2.0E-8
and treatment fugitive distribution for disposal
Handling asbestos-containing | COU: Construction, paint, 6.3E-3 1.3E-3 3.3E-4 9.9E-5 5.8E-6 12E-7 4.0E-8 15E-8
building materials during electrical, and metal products
maintenance, renovation, and | COU: Furnishing, cleaning,
demolition activities fugitive treatment care products
Use, repair, or disposal of COU: Construction, paint, 14E-2 2.7E-3 6.9E-4 2.1E-4 7.7E-6 2.6E-7 9.0E-8 3.3E-8
industrial and commercial electrical, and metal products
appliances or machinery
containing asbestos fugitive
Handling articles or COU: Construction, paint, 8.3E-4 3.2E-4 2.3E-4 2.1E-4 1.2E-5 4. 5E-7 1.9-7 6.9E-8
formulations that contain electrical, and metal products
asbestos fugitive COU: Furnishing, cleaning,

treatment care products

COU: Packaging, paper, plastic,

toys, hobby products
Handling ashestos-containing | COU: Construction, paint, 8.4E—4 2.1E-4 6.1E-5 2.0E-5 6.6E—7 2.1E-8 6.2E-9 2.3E-9
building materials during electrical, and metal products
firefighting or other disaster COU: Furnishing, cleaning,
response activities fugitive treatment care products

@ Modeled generic and specific asbestos air concentrations from activity-based scenarios are grouped and averaged by OES and mapped to COUs in this table. A
detailed summary of the specific and generic facility results are in Appendix F.3.
Low-end tendency concentrations were calculated from the average of all 10th percentile modeled concentrations for specific and generic facilities.

Central tendency concentrations were calculated from the average of all 50th percentile modeled concentrations for specific and generic facilities.

High-end tendency concentrations were calculated from the average of all 95th percentile modeled concentrations for specific and generic facilities.
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3.3.1.4 Ambient Air Concentration Data Uncertainty and Variability
Sources of uncertainty in measured ashestos ambient air concentration data are related to the sample
collection and analysis in the studies EPA considered. These studies reported using TEM, PCM, and
other asbestos concentration analysis method. A detailed description of reported data sources and
statistics is available in Appendix F.1. TEM can distinguish between asbestos and non-asbestos fibers in
addition to asbestos fiber type identification capabilities. The use of TEM decreases uncertainties in the
identification of asbestos fibers and quantification. Of the studies considered, 2 out of 6 used PCM or
PCME to quantify asbestos concentrations and hence it is expected that these studies have greater
uncertainties. In addition, one study did not report particle size and one reported providing
concentrations for particles <5Sum. Inclusion of particles less than 5um will increase uncertainty and
variability as concentrations and concentration ranges will likely be larger.

Sources of uncertainty in modeled asbestos ambient air concentration data are related to the

environmental releases estimates discussed in Section 3.2.1.2, and modeling approaches approximations,
assumptions, and parameters. A detailed description of modeling inputs, assumptions, and
approximations are described in Appendix F.2.

Table 3-12. Qualitative Assessment of the Uncertainty and Variability Associated with

Concentration Data Used for Ambient Air

Uncertainty

Variability

for air modeling:

year

3.3.1.2, Appendix F.2

Variable Name Effect Data Source(s) (L, M, H)® (L, M, H)®
Measured ambient air | Majority (2 of 6) of studies Systematic Review identified M L
concentration sample | used TEM that decreases studies measurements
analysis methods uncertainty 6.4.1F.1
Asbestos fiber sizes Concentration data used may | Systematic Review identified H H
in measured ambient | include smaller particle sizes | studies measurements,
air concentrations and hence overestimate risk | Appendix F.1
Overall measured Overall uncertainty in Systematic Review H H
ambient air concentration data used identified studies
concentration
AERMOD defaults Meteorological data AERMOD model, Section L H
for air modeling: determines fate and transport | 3.3.1.2, Appendix F.2
meteorological data patterns away from source;
specific facilities used locally reported data for

specific locations for current
conditions.
AERMOD defaults Meteorological data AERMOD model, Section M H
for air modeling: determines fate and transport | 3.3.1.2, Appendix F.2
meteorological data patterns away from source;
generic facilities generic facility estimates
used two data sets to
generalize and central and
high-end tendency
AERMOD defaults Height of emission for point | AERMOD model, Section M H
for air modeling: and area source emissions 3.3.1.2, Appendix F.2
source specification can determine air mass
parameters for mixing and transport
fugitive emission tendencies.
parameters
AERMOD defaults Number of emissions per AERMOD model, Section M H
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Temporal emission
parameters
Overall modeled Overall uncertainty in AERMOD model M H
ambient air concentration data used
concentration

2L = low; M = moderate; H = high
Low-end to high-end concentration ranges were within the same to 1 order of magnitude difference for all scenarios
concentrations.

3.3.2 Water Pathway

3.3.2.1 Measured Concentrations in Surface and Drinking Water

Measured surface water concentrations were obtained from EPA’s Water Quality Exchange (WQX)
using the Water Quality Portal (WQP) tool, which is the nation’s largest source of water quality
monitoring data and includes results from EPA’s STORage and RETrieval (STORET) Data Warehouse,
the U.S. Geological Service (USGS) National Water Information System (NWIS), and other federal,
state, and tribal sources, summarize in Table 3-13 with the label STORET (U.S. EPA et al., 2023) in the
scenario description.

Through systematic review, other sources of asbestos concentrations in water were also identified. The
data selected for surface and drinking water in this section is summarized in Table 3-13 and Appendix
F.4 has details of selected and unused data. The published literature yielded information of surface water
monitoring data for asbestos. EPA identified surface water monitoring studies from various countries
ranging from 1971 to 2016. The data can be classified in three groups: surface water, well water, and
drinking water. EPA opted to only use surface and drinking water in this discussion as other water types
(groundwater, wastewater, and sediments) did not meet the integration criteria (see Appendix F.4). EPA
used data from 2008 forward and only U.S.-based studies to obtain a current representation of asbestos
concentrations in water from legacy uses, associated disposal, and possibly from natural sources.

e ATSDR (2015) — Measured asbestos in surface water on-site and off-site at BoRit. The site was
historically used to dispose of asbestos-containing materials, starting in the 1800s and ending in
1970. Remediation efforts are currently ongoing.

e ATSDR (2012) — Measured asbestos in groundwater on-site and off-site at BoRit.

e CDM Federal Programs Corporation (2014) — Libby asbestos superfund site ecological risk
assessment. Measured asbestos in various environmental media including freshwater from
various locations around the site.

e U.S. EPA (2016a) — The Six-Year Review 3 of drinking water database is the latest publicly
available set. This review is part of EPA’s obligation to review each national primary drinking
water regulation. EPA evaluates any newly available data, information, and technologies to
determine if any regulatory revisions are needed. This database contains asbestos measurements
from 2006 to 2011 from all U.S. states, territories, including tribal lands. The database contains
approximately 12,084 data points of asbestos concentrations measured in drinking water
facilities, of the 12,084 data points, 330 measured asbestos above detection limit, and 15 samples
were above EPA’s Maximum Contaminant Level (MCL).

The National Primary Drinking Water Regulations (NPDWR) establishes the MCLs? for asbestos among
many other chemicals. These standards, base on potential health effects from long-term exposure apply
to public water systems and limit the levels of certain contaminants in drinking water. Asbestos MCL is
7x108 f/L (7x102 f/cc) with a potential risk of developing benign polyps from decay of asbestos cement

3 https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-requlations.
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in water mains and erosion of natural deposits. Table 3-13 summarized the comparison of water
concentrations to the MCL. Starting with the surface water rows from Libby, Montana, and the BoRit
site in Pennsylvania, is notable that samples close to the asbestos source will have larger concentrations
and exceed the MCL. In addition, efforts to clean and remediate Libby and BoRit sites started in 2012
and finished 2022, and the expectation was to observe less asbestos fibers as these efforts successfully
remove asbestos fibers. The reported BoRit and Libby sites 2009 and 2014 samples with asbestos
concentrations above the MCL are from pre-remediation efforts from surface water that are not used as a
source of drinking water directly, however it may be that some of the creeks, streams, rivers, and lakes
surface water from the Libby, Montana, site and the BoRit site will end up in bodies of water that source
drinking water. The BoRit site remediation efforts are reported for the years 2018, 2020, and 2021, for
two surface water sources within the site and show asbestos concentrations two orders of magnitude
below the pre-remediation efforts.

Table 3-13. Summary of Measured Surface and Groundwater Concentrations®?

Concentration Comparison to MCL
Source Data Date Sample Description (f/cc) (Brinking Water)
Quality | Sampled P P 7E3 flcc
CT HE CT HE

(CDM Federal |Medium |2014 Surface freshwater from creek stream 7.3E3 |5.2E5 Above Above
Programs (Rainy, Carney, and Fleetwood Creeks)
Corporation, close to source, Libby mine
2014)
(CDM Federal |Medium {2014 Surface freshwater from Kootenai River |1.0E2 |1.3E3 Under Under
Programs close to source, Libby mine
Corporation,
2014)
(CDM Federal |Medium |2014 Surface freshwater from tailing, mill and |1.5E4 |1.0E6 Above Above
Programs reference ponds close to source, Libby
Corporation, mine
2014)
(U.S. EPA 2009 Surface water from on-site reservoir 1.7E8 |5.4E8 Above Above
2022c¢) close to source, BoRit asbestos disposal

site
(U.S. EPA 2018 Surface water from on-site reservoir 49E6 |1.4E7 Above Above
2022¢) close to source, BoRit ashestos disposal

site
(U.S. EPA 2020 Surface water from on-site reservoir 2.4E6 |3.3E6 Above Above
2022c¢) close to source, BoRit asbestos disposal

site
(U.S. EPA 2021 Surface water from on-site reservoir 75E6 |1.0E7 Above Above
2022c) close to source, BoRit ashestos disposal

site
(U.S. EPA 2009 Surface freshwater from creek stream 1.4E7 |2.9E7 Above Above
2022¢) (Wissahickon Creek, Rose Valley Creek,

Tannery Run) close to source, BoRit

asbestos disposal site
(U.S. EPA 2018 Surface freshwater from creek stream 15E5 |[3.0E5 Above Above
2022c) (Wissahickon Creek, Rose Valley Creek,

Tannery Run) close to source, BoRit

asbestos disposal site
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Concentration Comparison to MCL
Source PELc B Sample Description (ffce) (Prinking Waten)
Quality | Sampled P P 7ES flcc
CT HE CT HE
(U.S. EPA 2020 Surface freshwater from creek stream 9.8E4 |3.9E5 Above Above
2022¢) (Wissahickon Creek, Rose Valley Creek,
Tannery Run) close to source, BoRit
asbestos disposal site
(U.S. EPA 2021 Surface freshwater from creek stream 54E5 |1.5E6 Above Above
2022c) (Wissahickon Creek, Rose Valley Creek,
Tannery Run) close to source, BoRit
asbestos disposal site
(ATSDR Medium |2011 Treated drinking groundwater from 8.20E1 [NR Under N/A
2012) BoRit asbestos disposal site county
(ATSDR Medium |2009— Drinking groundwater from monitoring |2.0E2 |5.1E2 Under Under
2012) 2010 well at BoRit asbestos disposal site
(U.S.EPA et [High 2011 STORET City of Honolulu, Honouliuli |0 0 Under Under
al., 2023) 2013 WWTP Plant
(U.S.EPA et [High 2012 STORET Random Private Potable 7.90E—4 |3.70E-4 | Under Under
al., 2023) Ground Water Florida
(U.S.EPA et [High 2019 STORET Yavapai Prescott Indian Tribe, [8.65E2 |4.40E2 Under Under
al., 2023) 2022 Arizona (Tribal)
(U.S. EPA Medium |2006— Drinking water throughout United States |0 0 N/A N/A
2016a) 2011

@ The majority of the data was non-detect, zeros, and the values in the table were calculated with all zeros to represent and
generalize to all of the United States. Without zeros the values would be 1.06ES5 f/cc.
MCL = maximum contaminant level

If asbestos contaminated waters from mines, asbestos waste handling sites, or other sources end up in
drinking water, it is likely that the fibers are either diluted or removed by deposition or other processes
in the transport and mixing of cleaning drinking water sources process. This pattern is evidenced from
drinking water samples around the BoRit site that are under the MCL and drinking water from the 6-
year drinking water database, U.S. EPA (2016a), which show all sites to be under the MCL or show no
asbestos detected.

3.3.3 Land Pathway

Asbestos fibers in soils can lead to inhalation exposures as the settled particles are stirred up and
suspended to become available for inhalation. Asbestos in soils can either be naturally occuring or
released from asbestos containing products during construction/demolition, firefighting activities, and
waste and disposal of asbestos containing materials.

Emission of asbestos fibers in soil depend on disturbances. Soil disturbances resulting in soil erosion
depend on the size, weight, and wetness of the soil particles. Each individual soil particle needs to be
less than 1 mm (1,000 pum) to be moved by wind. Furthermore, suspension of soil particles tends to
happen for fine particles less than 0.1 mm (100 um), and these can go long-range transport and reach
higher levels of the atmosphere beyond the troposphere. Saltation processes in which particles bounce
along the surface tend to happen for particles ranging from 0.05 to 0.5 mm (50 to 500 pum) and remain
within 30 cm of the surface. Soil creep is like saltation for larger particles, 0.5 to 2 mm (500 to 2,000
pm) in diameter (Queensland DERM, 2011). Bouncing particles, subject to saltation and soil creep, can
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further breakdown into smaller sizes and can undergo suspension. The particle sizes for suspension are
well within the range of the asbestos particle size targeted within this assessment (>5 pum, with a 3:1
ratio) and hence soils can be a source of asbestos for inhalation exposures.

A literature search was conducted to identify peer-reviewed references of measured asbestos
concentrations in United States soils. The search was narrowed to target studies that had sampled US
soils after the year 2000 and without mining influences to obtain representative concentrations for
current conditions. EPA only identified studies that reported on mining related activities or in areas that
are likely to be affected by their proximity to mines like Libby, Montana. Table 3-14 summarizes the
identified references, descriptions, and rationale for not utilizing these studies in the inhalation exposure
assessment. A detailed description of the studies is available in Appendix F.5.

Table 3-14. Soil Concentration Data Sources Description

Source, SR Rating® Description Rationale for Not Using
(CDM Federal Soil samples from town of Troy, Montana, from various | Mining activity related
Programs Corporation, | outside residential buildings such as driveways, yards,

2015), High gardens. Sampling was conducted the summer of 2011
and 2012 and reported Libby Amphibole concentrations.
(Jones et al., 2010), Soil sample from town of Libby, Montana, reporting Mining activity related
Medium Libby vermiculite relationship to mine activity. Study is
from 2010.
4 SR rating is the overall systematic review rating for the study.

EPA modeled releases to ambient air from activities that are likely to result in subsequent deposition to
soil, refer to Section 3.3.4 for a discussion of asbestos concentrations onto soils from suspended asbestos
fibers. Specific and generic facilities ambient air modeling outputs and simulations results from Section
3.3.1.2 can be used to estimate release concentrations after deposition and re-suspension of asbestos in
soil particles from activities that can be traced to demolition/renovation, firefighting, and asbestos waste
handling activities, and use, repair, removal of asbestos containing machinery.

3.3.4 Modeled Deposition Rates from Environmental Releases

EPA used AERMOD to estimate air deposition from facility releases to calculate deposition
concentrations near specific and generic facilities. Asbestos particles may deposit on surface water, soil
surfaces, and structure surfaces. The air deposition modeling was conducted using AERMOD. A
description of the modeling and the deposition results is provided in Appendix F.2. Briefly, EPA used
the AERMOD module that assumes at least 10 percent of particles (by mass) are 10 micrometers (um)
or larger. Asbestos fibers are not spheres and AERMOD assumes spheres in the deposition calculations
which affects settling velocity. EPA calculated the potential sphericity of asbestos particles using the
average diameter, aspect ratio, and percent by size bin provided by Wilson et al. (2008). The settings for
particle deposition modeling are summarized in Appendix F.2.6. Figure 3-8 and Figure 3-9 shows the
overall deposition pattern of asbestos fibers for specific and generic facilities by distance from source
for each OES. Each bar in Figure 3-8 and Figure 3-9 represents various facility types within each OES,
see Appendix F.3 for further details.
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2273  Figure 3-9. Deposition of Asbestos Fibers from Generic Facilities by Distance for Each OES

2274

2275  Deposition rates of asbestos fibers are larger closer to the source and decrease farther away from the
2276  source. This decreasing pattern is expected as asbestos fibers concentrations are higher closer to the
2277  source (see Section 3.3.1.2). Based on the deposition pattern the concentrations of asbestos on surfaces
2278  (soil, water, and structures) are also expected to be larger closer to the source. For asbestos to be a health
2279  concern the fibers must be resuspended (re-released) from the surfaces it deposited onto via a

2280  disturbance caused by meteorological events, human activities, or other events. The disturbance and
2281  subsequent resuspension of asbestos fibers from surfaces act as a source of asbestos and similar patterns
2282  of dispersion described in Section 3.3.1.2 and this modeled deposition rates section are expected.
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4 ENVIRONMENTAL RISK ASSESSMENT

4.1 Environmental Exposures

Asbestos — Environmental Exposures (Section 4.1):
Key Points

EPA evaluated the reasonably available information for environmental exposures to asbestos
following asbestos exposures. The following bullets summarize the key points of this section of the
draft Part 2 risk evaluation:
e Ingestion by aquatic and terrestrial organisms is the primary asbestos exposure route for
environmental hazard.
o Asbhestos ingestion can occur via surface water or soil ingestion.

e U.S.-based and recent (<15 years) soil ashestos concentrations were not identified.

4.1.1 Approach and Methodology

The major environmental compartments for asbestos are ambient air, water, and soil. Environmental
asbestos concentrations of suspended particulates in ambient air in proximity to emitting sources are
summarized in Section 3.3.1 and 3.3.4. Surface water and soil concentrations are summarized in
Sections 3.3.2 and 3.3.3, respectively. Details about identification of information through systematic
review are included in Appendix F.3, Appendix F.4 and Appendix F.5.

Exposure to asbestos via ingestion is the most relevant exposure route for ecological organisms. In
particular, ingestion of asbestos in water is of concern for aquatic organisms. As described in Section
3.3.2.1, surface water monitoring data was available to estimate environmental concentrations of
asbestos. Asbestos exposure via soil is of concern for terrestrial organisms. The use of these data in
consideration of exposures to aquatic and terrestrial species is presented in Section 4.1.2 and 4.1.3,
respectively.

Inhalation and dermal exposures of asbestos to ecological organisms are not the primary exposure routes
of concern. As described in Section 4.2, environmental hazard data for ecological organisms does not
demonstrate effects from these exposure routes and thus risk is not expected.

4,1.2 Exposures to Ecological Species

The environmental concentrations of asbestos presented in Section 3.3 are relevant to the consideration
of exposure to aquatic and terrestrial species. Asbestos concentrations in water, soil, and air are highest
in close proximity to an asbestos source and asbestos concentrations decrease as you move away from
the source. Exposures to terrestrial species were not specifically considered as the hazard data do not
demonstrate relevant ecological apical assessment endpoints resulting from asbestos exposures (Section
4.2.2).

Aguatic organisms may be exposed to asbestos via untreated water sources that are not subject to
regulation for asbestos. EPA develops recommended aquatic exposure values for frequency and duration
of chemical exposures, such as asbestos, that are protective of human and aquatic life under section
304(a) of the Clean Water Act (CWA), although as of this time there are no nationally recommended
exposure values (aquatic life criteria) for aquatic organisms and asbestos under the CWA.
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Aquatic organisms may be exposed to asbestos in waterbodies though asbestos settles into sediments
and biosolids close to the source, as discussed in Section 2.2.2. Organisms close to the source of
asbestos have the potential to be exposed to higher concentrations of asbestos compared to those further
downstream from the source. Acute and chronic toxicity is possible for aquatic organisms exposed to
asbestos (Section 4.2).

4.1.3 Weight of Scientific Evidence Conclusions for Environmental Exposures

Limited monitoring data are available for aquatic and terrestrial species in the U.S. Monitoring data (<15
years old) is available within proximity of Superfund sites, though this would not be an appropriate
representation of asbestos concentrations in surface waters across the United States to be used in an
environmental hazard analysis. When considering older monitoring data or monitoring data from
international sources, there are uncertainties associated with using these data because it is unknown
whether those sampling sites are representative of current sites within the United States. EPA was also
unable to find recent (<15 years) asbestos soil concentrations within the United States to account for
naturally occurring asbestos and deposition from dispersion of human activity.

4.2 Environmental Hazards

Asbestos — Environmental Hazards (Section 4.2):
Key Points

EPA considered all reasonably available information identified by the Agency through its
systematic review process under TSCA to characterize environmental hazard endpoints for asbestos.
The following bullets summarize the key points of this section of the draft Part 2 risk evaluation:

e Aquatic species:
o The acute concentration of concern (COC) was calculated using the available 96-hour
lowest-observed-effect-concentration (LOEC) for an aquatic invertebrate (Corbicula sp.)
o Two chronic COCs were calculated using the available LOECs for an aquatic vertebrates
(Oryzias latipes) and aquatic invertebrates (Corbicula sp.)
o No aquatic plant hazard data with an overall quality determination of medium or high
were identified for asbestos
e Terrestrial species:
o No terrestrial vascular or non-vascular plant or soil invertebrate studies with an overall
quality determination of medium or high were identified for asbestos
o Terrestrial vertebrate studies were sorted by exposure route (e.g., dermal, oral,
inhalation); oral exposure studies were considered for hazard endpoints following
asbestos exposure
o EPA determined that the hazard endpoints identified for terrestrial vertebrates following

oral exposure to asbestos were not ecologically relevant

4.2.1 Approach and Methodology

During scoping, EPA reviewed potential environmental health hazards associated with asbestos. EPA
identified sources of environmental hazard data shown in Figure 2-10 of Scope of the Risk Evaluation
for Asbestos Part 2 (U.S. EPA, 2022b).

EPA completed the review of environmental hazard data/information sources during risk evaluation
using the data quality review evaluation metrics and the rating criteria described in the Draft Systematic
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Review Protocol Supporting TSCA Risk Evaluations for Chemical Substances (U.S. EPA, 2021). Studies
were assigned overall quality determination (OQD) of high, medium, low, or uninformative. EPA
assigned metric ratings of high, medium, or low to 7 aquatic and 21 terrestrial toxicity studies; however,
only high and medium quality studies were used for hazard identification.

Environmental hazard was characterized in the Risk Evaluation for Asbestos Part 1: Chrysotile Asbestos
(U.S. EPA, 2020c). In the Problem Formulation stage of Part 1, terrestrial pathways, including biosolids,
were eliminated as it was determined that EPA expects little to no risk to terrestrial organisms exposed
to [chrysotile] asbestos and the exclusion of ambient air and land (disposal) pathways. Terrestrial
pathways were included in the Part 2 Final Scope. The four aquatic toxicity studies included in Part 1
were also reviewed as acceptable studies for Part 2, along with additional toxicity studies found during
the review of literature and inclusion of terrestrial exposure pathways.

The Asbestos Part 1 Risk Evaluation only considered a single fiber type (chrysotile asbestos), while Part
2 expands upon the fiber types of consideration for hazard evaluation including amosite, tremolite,
crocidolite, anthophyllite, actinolite, and LAA. Terrestrial vertebrate studies were also evaluated for
hazard and were filtered by exposure route; dermal and inhalation studies were excluded from
evaluation for environmental hazard while oral exposure studies were considered relevant as on-topic
studies for review.

42,2 Aquatic Species Hazard

Toxicity to Aquatic Organisms

EPA assigned an overall quality determination of high or medium to six aquatic toxicity studies; low
quality studies were not considered for hazard identification in aquatic species. The high and medium
studies contained relevant aquatic toxicity data for Japanese medaka (Oryzias latipes), coho salmon
(Oncorhynchus kisutch), green sunfish (Lepomis cyanellus), fathead minnows (Pimephales promelas),
and Asiatic clams (Corbicula fluminea, Corbicula sp.). EPA identified and summarized these six aquatic
toxicity studies, displayed in Table 4-1, as the most relevant for quantitative assessment in Part 2 of the
Risk Evaluation. There were no studies with a high or medium overall quality determination identified
examining asbestos exposure to aquatic plants.

Aquatic Vertebrates

Three relevant fish studies were identified as acceptable with a quality rating of high or medium; the
species represented in these studies include Japanese medaka (Oryzias latipes), coho salmon
(Oncorhynchus kisutch), green sunfish (Lepomis cyanellus), and fathead minnows (Pimephales
promelas). The Risk Evaluation for Asbestos Part 1: Chrysotile Asbestos identified the Japanese
medaka, coho salmon, and green sunfish studies as acceptable and included them in the risk evaluation
(U.S. EPA, 2020c). In addition to the previous studies that were included in Part 1, an additional study
examining juvenile fathead minnows was identified for Part 2. The apical assessment endpoints included
mortality, growth, fiber uptake, histology, and behavior. All relevant studies evaluated were chronic
endpoints with chrysotile asbestos exposure; acute aquatic vertebrate studies were not identified for
asbestos.

Japanese medaka (Oryzias latipes) were exposed to chrysotile asbestos for 5 months; the no-observed-
effect-concentration (NOEC)/LOEC (no observed effect concentration/lowest observed effect
concentration) for growth was reported as the most sensitive outcome at 1.0x10* and 1.0x108 fibers/L,
respectively (Belanger et al., 1990). Coho salmon (Oncorhynchus kisutch) and green sunfish (Lepomis
cyanellus) were exposed to chrysotile asbestos for 86 and 67 days, respectively; behavioral and
histopathological analyses were reported. Behavioral stress was observed for coho salmon at 3.0x10°
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fibers/L and 1.5x10° fibers/L for green sunfish (Belanger et al., 1986¢). Juvenile fathead minnows
(Pimephales promelas) were exposed to chrysotile asbestos for 30 days; the NOEC/LOEC for growth
was reported as the most sensitive endpoint at 1.0x108 fibers/L (Belanger, 1985). EPA calculated the
geometric mean of the NOEC and LOEC in both Japanese medaka and fathead minnows, resulting in
chronic values (ChV) for both species (Table 4-1). There were no aquatic vertebrates studies examining
exposures to amphibole asbestos fibers or LAA.

Aquatic Invertebrates

EPA identified four relevant studies exposing aquatic invertebrates to chrysotile asbestos, and assigned
overall quality levels of medium or high. Siphoning activity, shell and tissue growth, fiber
uptake/accumulation, gill ultrastructure, larval release, and mortality of Asiatic clams (Corbicula sp.)
were monitored across the four studies. Exposure to asbestos ranges from 0 to108 fibers/L. In Part 1:
Chrysotile Asbestos, EPA reported on two of the four studies in Part 2 where Corbicula sp. were
exposed to chrysotile asbestos resulting in the reduced siphoning activity (U.S. EPA, 2020c). A decrease
in siphoning behavior to clams exposed to asbestos for 96 hours without food at 10 fibers/L; lower
siphoning in clams with food was suspected to be a result of satiation. Similar behaviors were observed
in chronic 30-day studies as observed in the acute 96-hour study for siphoning behavior. A decrease in
siphoning behavior to clams exposed to ashestos across all four reported studies as well as decreased
growth in clams exposed to asbestos at 108 fibers/L (LOEC) (Belanger et al., 1987; Belanger et al.,
19864, b; Belanger, 1985).
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Table 4-1. Aquatic Organisms Environmental Hazard Studies Used for Asbestos
Test Oraanism Hazard Geometric Citation
Duration (Scienti ﬁg Name) Endpoint Values Mean Effect Fiber Type (Overall Quality
(fibers/L) (fibers/L)? Determination)
Aquatic Invertebrates
Chronic | Asiatic clam 30 days 10%° - Reduced siphoning °; Growth® | Chrysotile (Belanger et al.,
(Corbicula LOEC 104¢ 1986a) (High);
sp./Corbicula (Belanger et al.,
fluminea) 1986b) (High);
(Belanger et al.,
1987) (High);
Acute Asiatic clam 96-hour 102 - Reduced Siphoning Chrysotile (Belanger et al.,
(Corbicula sp.) LOEC 1986b) (High)
Aquatic Vertebrates
Japanese Medaka | 13 daysto5 | 10 10° Hatchability; mortality (eggs, | Chrysotile (Belanger et al.,
(Oryzias latipes) months 108¢ larvae); growth ¢; reproduction 1990) (High)
LOEC
Coho salmon 40 to 86 3.0E6 - Behavioral Chrysotile
(Oncorhynchus days
Chronic ~|-K1Sutch) (Belanger et al.,
Green Sunfish 52 to 67 1.5E6 — Behavioral Chrysotile 1986c) (High)
(Lepomis days
cyanellus)
Fathead minnows | 30 days 10E8 10E7 Growth/developmental Chrysatile (Belanger, 1985)
(Pimephales LOEC (High)
promales)

& Geometric mean of definitive values only
® Hazard value for effects on reduced siphoning to Asiatic clam
¢ Hazard value for effects on growth to Asiatic clam

¢ Hazard value for effect on growth to Japanese Medaka
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4.2.3 Terrestrial Species Hazard

EPA assigned an overall quality determination of high or medium to 15 terrestrial acceptable studies.
These studies contained relevant terrestrial toxicity data for three rat (Rattus norvegicus) strains (F344,
Sprague-Dawley, and Wistar Han), mice (Mus musculus), golden Syrian hamsters (Mesocricetus
auratus), guinea pigs (Cavia porcellus), and white leghorn fowls (Gallus gallus domesticus). No
terrestrial invertebrate or plant studies with an overall quality determination of high or medium were
identified.

Terrestrial Vertebrates

Hazard to terrestrial vertebrates was not assessed in The Risk Evaluation for Asbestos Part 1: Chrysotile
Asbestos (U.S. EPA, 2020c). At the time Part 1 was developed, pathways were excluded if covered by
existing EPA statutes, so the ambient air and land (disposal) pathways were excluded. Pathways are no
longer excluded based on existing EPA statutes.

In Asbestos Part 2, non-human animal studies were included for consideration with exposure to asbestos
via the oral exposure route. Authors reported ecologically relevant hazard endpoints including mortality,
reproductive effects, and impacts on growth/development, as well as ADME. Cancer endpoints were
evaluated and reported across studies however, cancer is not an ecologically relevant endpoint, thus not
considered further for ecological hazard. Study organisms were exposed to chrysotile, amosite,
tremolite, crocidolite, and anthophyllite fibers across the 15 studies.

There is not a relevant connection to a COU and exposures to environmental species with population
effects. Asbestos did not significantly affect mortality across the high and medium studies for rats, mice,
hamsters, guinea pigs, and fowls exposed to asbestos fibers. Growth was monitored across studies; no
significant impact on growth was observed across the studies. Two studies reported smaller growth of
offspring but it was not reported as significant after statistical analysis of the results (NTP, 1988;
McConnell et al., 1983). Fertility and litter size were reported across two studies as reproductive
endpoints; this did not yield significant differences between organisms exposed to asbestos and controls
(NTP, 1985; McConnell et al., 1983). Therefore, no ecologically relevant effects were reported for
terrestrial organisms and hazard could not be evaluated due to a lack of applicable data.

4.2.4 Environmental Hazard Thresholds

EPA calculated hazard thresholds to identify potential concerns to aquatic species based on weighing the
scientific evidence and selection of the appropriate toxicity value from the integrated data to use for
hazard thresholds. O provides more details about how EPA weighed the scientific evidence.

For aquatic species, hazard was estimated by calculating a concentration of concern (COC) for a hazard
threshold. COCs can be calculated using a deterministic method by dividing a hazard value by an
assessment factor (AF) according to EPA methods (U.S. EPA, 2016b, 2013, 2012) and Equation 4-1.

Equation 4-1.
COC = toxicity value + AF

Concentration of Concern (COC) for Aquatic Toxicity

Acute COC: For the acute COC, EPA used the 96-hour LOEC for Corbicula sp. where decreased
siphoning activity was observed for adult clams that were not fed; decreased siphoning was observed at
concentrations of asbestos ranging 102-10°8 fibers/L from Table 4-1. EPA applied an assessment factor
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(AF) of 5 to the lowest observed effect concentration of 102 fibers/L chrysotile asbestos (Belanger et al.,
1986a).

COC = 10 fibers/L + 5
COC = 20 fibers/L chrysotile asbestos

Chronic COC: EPA calculated two chronic aquatic COCs, using the most sensitive vertebrate and
invertebrate available data. Decreased siphoning was reported for clams (Corbicula sp.) at 10 fibers/L
chrysotile asbestos. An AF of 10 was applied to the LOEC (Belanger et al., 1986a).

COC = 102 fibers/L + 10
COC = 10 fibers/L chrysotile asbestos

EPA calculated a second chronic COC and used the Japanese medaka (Oryzias latipes) geometric mean
of 10° fibers/L chrysotile asbestos from Table 4-1, with the application of an AF of 10. Japanese medaka
were reported to have decreased growth and increased mortality at the LOEC of 108 fibers/L (NOEC of
10* fibers/L) (Belanger et al., 1990).

COC = 10° fibers/L + 10
COC = 10,000 fibers/L chrysotile asbestos

A COC was calculated for both aquatic vertebrates and invertebrates to be protective of the
physiological differences between mollusks and fish (e.g., cephalopod mollusks use their siphuncle to
move water throughout their chambers which differs from the potential exposure fish may have in their
mouths or gills). This approach acknowledges the increased uncertainty, detailed in Section 4.2.6.1,
associated with the limited data landscape for asbestos environmental hazard.

For terrestrial species, EPA estimates hazard by using a hazard value for soil invertebrates, a
deterministic approach, or calculating a toxicity reference value (TRV) for mammals. There were no
reasonably available mammalian toxicity studies with apical assessment endpoints and EPA was unable
to model mammalian hazard values for asbestos, therefore a TRV was not calculated.

4.2.,5 Summary of Environmental Hazard Assessment

For acute aquatic exposures to chrysotile asbestos, the 96-hour LOEC value was 102 fibers/L for
Corbicula sp., from one high quality study (Belanger et al., 1986a). For chronic aquatic exposures to
chrysotile asbestos, EPA calculated two COCs; the invertebrate COC and vertebrate COC. EPA
calculated both an invertebrate and vertebrate chronic COC due to the physiological differences between
clams and fish. The chronic invertebrate COC was calculated using the LOEC for Corbicula sp.
exhibiting decreased siphoning at 102 fibers/L for Corbicula sp., from one high quality study (Belanger
et al., 1986a). Three studies reported environmental hazards on clams, cited in Table 4-1. EPA
calculated the chronic aquatic vertebrate COC by applying an AF to the geometric mean of the NOEC
and LOEC reported for Japanese medaka (Belanger et al., 1990). Available aquatic studies did not
include asbestos fiber types outside of chrysotile. No studies were available for aquatic or terrestrial
plants, and there were no high or medium quality studies available for terrestrial invertebrates. Relevant
ecological endpoints with reported hazard values were not available for terrestrial vertebrates.

Clams were the principal organism for aquatic invertebrates in the available studies. According to
ATSDR, clams that are located in asbestos-contaminated areas (e.g., areas with shore-line erosion) may
accumulate asbestos fibers. If asbestos fibers are found in the sediments and/or water, clams may
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become contaminated by uptaking the fibers with their siphuncle and this is likely where the fibers
would concentrate while siphoning (ATSDR, 2014). In the Corbicula sp. studies discussed in Section
4.2, authors observed decreased siphoning behavior in clams exposed to asbestos fibers at
concentrations as low as 102 fibers/L; EPA utilized this hazard value to calculate an acute COC of 20
fibers/L and a chronic COC of 10 fibers/L (Table 4-2).

Table 4-2. Environmental Hazard Thresholds for Aquatic Environmental Toxicity

i i - Hazard Value | Assessment Factor CcoC
Environmental Aquatic Toxicity (fibers/L) (AF) (fibers/L)
Acute aquatic exposure: LOEC 102 5 20
Chronic aquatic exposure: invertebrate 102 10 10
(mollusk)
Chronic aquatic exposure: vertebrate (fish) 106 10 10°

When asbestos enters water, it will settle into sediments and biosolids (see Section 2.2.2). Due to
sediment settling, it is unlikely that asbestos will accumulate (or bioaccumulate) in terrestrial or aquatic
organisms. Limited data are available to support accumulation within organisms. Environmental hazard
data suggests that at concentrations of ashestos >102 fibers/L, hazard effects are reported for organisms.
As explained in Section 3.3.4, concentrations and deposition of asbestos fibers will be higher closer to
the source of asbestos; therefore, organisms closer to an asbestos source may experience a greater risk
than organisms further away from the source due to decreasing concentrations the further away from the
source. The concentration of suspended asbestos fibers in water is reported to decrease by more than 99
percent in water reservoirs (Section 2.2.2), supporting the evidence from Asbestos Part 1 describing how
asbestos will settle into sediments.

4.2.6 Weight of Scientific Evidence Conclusions for Environmental Hazards

EPA/OPPT uses several considerations when weighing and weighting the scientific evidence to
determine confidence in the environmental hazard data. These considerations include the quality of the
database, consistency, strength, and precision, biological gradient/dose response, and relevance
(Table_Apx G-1). This approach is consistent with the Draft Systematic Review Protocol Supporting
TSCA Risk Evaluations for Chemical Substances (U.S. EPA, 2021). Table 4-3 summarizes how these
considerations were ranked for each environmental hazard threshold. Overall, EPA considers the
evidence for aquatic hazard thresholds moderate and terrestrial vertebrate hazard thresholds
indeterminate. A more detailed explanation of the weight of scientific evidence, uncertainties, and
overall confidence is presented in Appendix G.2.1.

4.2.6.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for the
Environmental Hazard Assessment
Quiality of the Database; and Strength (Effect Magnitude) and Precision
All the studies used to calculate COCs (aquatic fish and invertebrates) received a high data quality level
from the systematic review data quality evaluation. Effect size was reported for aquatic studies using
LOECs.

Consistency

For aquatic invertebrate species, the behavior effect of reduced siphoning was reported across three
studies with LOECs for both acute and chronic durations, therefore EPA assigned robust confidence in
the consistency consideration for the acute and chronic aquatic assessments. The acute clam study
utilized two groups of fed (n = 7) and two groups of unfed clams (n = 5). Behavior was monitored and
reduced siphoning was observed for clams in the unfed groups. One exposure group (n = 5) of clams
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was used in the chronic study. Behavioral effects were consistent between acute and chronic clam
studies. Juvenile Japanese medaka used in calculating the chronic vertebrate COC were separated into
five exposure groups in triplicate (n = 15). Growth effects between chronic vertebrate and invertebrates
differed, which supports the decision to calculate two COCs due to the physiological differences among
the species tested.

Biological Gradient/Dose-Response
LOECs were reported for clam and medaka studies; effects were reported across doses.

Biological Relevance

Behavioral effects were consistent across acute and chronic clam studies. Japanese medaka and fathead
minnow studies both reported growth impacts due to asbestos exposure. Behavioral effects were also
consistent across green sunfish and coho salmon.

Physical/Chemical Relevance

Asbestos is a solid/fiber that does not degrade and lacks solubility. Therefore, asbestos can accumulate
in sediment where sediment-dwelling organisms may be exposed to the fibers or exposure may occur in
the water column when the fibers are disturbed. Fibers will settle and concentrations decrease the further
away from the source the organisms reside.

Environmental Relevance

Additional uncertainty is associated with the concentrations of asbestos used in the environmental
hazard assessments. The lowest concentration utilized in the hazard studies was 102 fibers/L asbestos,
while concentrations in the environment can vary with distance from the source of asbestos.

Apical assessment endpoints (i.e., growth, mortality) were not reported for terrestrial studies and
therefore the overall confidence threshold was indeterminate.
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Table 4-3. Evidence Table Summarizing the Overall Confidence Derived from Hazard Thresholds
Quality Biological
Types of Evidence of the Consistency Streng't h g Gradient/Dose- Relevance? Hagard
Precision Confidence
Database Response
Aquatic
Acute Aquatic Assessment T+ ++ ++ + + Moderate
Chronic Aquatic Assessment Tt ++ ++ + + Moderate
Terrestrial
Mammalian Assessment + ++ + N/A N/A Indeterminate

 Relevance includes biological, physical/chemical, and environmental relevance.

+ + + Robust confidence suggests thorough understanding of the scientific evidence and uncertainties. The supporting weight of scientific evidence
outweighs the uncertainties to the point where it is unlikely that the uncertainties could have a significant effect on the hazard estimate.

+ + Moderate confidence suggests some understanding of the scientific evidence and uncertainties. The supporting scientific evidence weighed against
the uncertainties is reasonably adequate to characterize hazard estimates.

+ Slight confidence is assigned when the weight of scientific evidence may not be adequate to characterize the scenario, and when the assessor is making
the best scientific assessment possible in the absence of complete information. There are additional uncertainties that may need to be considered.

Indeterminate is assigned when there is no available data for which to evaluate potential hazard.
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4.3 Environmental Risk Characterization

Asbestos — Environmental Risk Characterization (Section 4.3):
Key Points

EPA evaluated the reasonably available information to support environmental risk characterization.
The following bullets summarize the key points of this section of the draft Part 2 risk evaluation:

e RQs (risk quotients) are unable to be calculated for asbestos
o Limited aquatic exposure data did not yield numbers for monitoring data outside of
Superfund sites, therefore a representative exposure was unavailable
o Environmental hazard to terrestrial species was not quantified due to a lack of data with
apical assessment endpoints

EPA considered fate, exposure, and environmental hazard to consider the environmental risk of
asbestos. EPA identified hazards to aquatic species via water and sediment and calculated a COC based
on the available studies. However, EPA did not estimate risks to aquatic species due to a lack of relevant
environmental exposure concentrations. EPA did not estimate risk to terrestrial species from asbestos
due to the lack of apical assessment endpoints available to assess hazard and risk.

The physical chemical properties of asbestos limit the potential for exposure to aquatic species. Asbestos
is classified as naturally occurring mineral silicate fibers, see Section 2.1. Therefore, according to the
physical chemical properties, asbestos fibers are not expected to degrade in the environment. As
described in Section 2.2.2., once asbestos enters water it will settle into sediments and biosolids.
Concentrations of asbestos will be higher in water and sediment closer to the source of asbestos. Aquatic
organisms located close to the source of asbestos may be at risk for asbestos exposure, although this
does not account for hazard and risk at a population level as organisms further downstream from the
source of asbestos will not be exposed to the same concentrations of asbestos.

4.3.1 Risk Characterization Approach and Summary

EPA characterizes the environmental risk of chemicals using risk quotients (RQs) (U.S. EPA, 1998;
Barnthouse et al., 1982). The RQ is defined in Equation 4-2:

Equation 4-2.
RQ = Predicted Environmental Concentration / Hazard Threshold

EPA was unable to quantitatively calculate an RQ for asbestos due to a lack of relevant aquatic exposure
data. As shown in Table 3-13, recent monitoring data for asbestos in water (2000 to present) exists for
Superfund sites (e.g., Libby Asbestos Site, Libby, MT or BoRit Asbestos Site, Ambler, Pennsylvania).
Using Superfund data to calculate an RQ would not be representative to populations of organisms that
may be exposed to asbestos. Additionally, exposure is not expected under the COUs for asbestos for
terrestrial and aquatic organisms. A TRV was not calculated for terrestrial hazard due to limited
terrestrial toxicity data and no apical endpoints in available studies. Without predicted environmental
concentrations, EPA was unable to calculate an RQ using the above equation.

Aquatic environmental hazard studies were characterized in Section 4.2, with sublethal acute effects
observed at 10 fibers/L chrysotile asbestos and sublethal chronic effects observed at 10° fibers/L
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chrysotile asbestos. Hazard endpoints included reproductive and behavioral effects for aquatic exposures
(Table 4-2). Aquatic hazard data was not available for other fiber types, outside of chrysotile asbestos.

In accordance with the Asbestos Part 1 Risk Evaluation, EPA concludes that there is very limited
potential for asbestos exposures to aquatic or sediment-dwelling organisms and risk is not observed from
exposure to asbestos fibers (U.S. EPA, 2020c).
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2616 5 HUMAN HEALTH RISK ASSESSMENT

2617
2618 5.1 Human Exposures

2619

Asbestos — Human Exposures (Section 5.1):
Key Points

EPA evaluated all reasonably available information for the following exposure categories:
occupational, consumer, and general population. The following bullets summarize the key points of
this section of the draft Part 2 risk evaluation:

e Inhalation is the primary route for all human exposures considered under this Part 2 of the risk
evaluation. Oral exposure was not assessed in depth, because ingestion of low concentration of
respirable fibers in mucus shows inconclusive associations with health effects. Dermal
exposure was not assessed due to lack of systemic dermal penetration.

e Systematic review was conducted to identify the reasonably available information relevant for
consideration in the quantitative human health approach; however, no cancer or non-cancer
epidemiologic studies from oral or dermal exposures that support dose-response analysis were
identified.

e Occupational exposures through inhalation were estimated using inhalation monitoring data to
calculate high-end and central tendency exposure values for each relevant occupational
exposure scenario. Occupational exposure to asbestos varied by several orders of magnitude
based on activity with the highest number of exposed workers involved in maintenance,
renovation, and demolition, and firefighting and other disaster response activities.

e Take-home exposures to asbestos through inhalation of fibers loaded onto clothing/garment
during some occupational/DI1Y activity and subsequent garment handling at home were
calculated for each COU. Exposures varied by orders of magnitude for high-end and central
tendency estimates due to large differences between occupational activities exposure
concentrations for those scenarios.

e The consumer DIY activity-base scenarios from inhalation exposure concentrations related to
removal of asbestos containing products are generally larger than activities related to
maintaining, cutting, or moving asbestos containing materials.

e The general population inhalation exposure to ashestos fibers released to ambient air from
occupational activities such as demolitions, firefighting, and removal of asbestos containing
materials shows exposure concentrations are higher closer to the source and decrease by a few
orders of magnitude beyond the co-located general population distances (100 m).

e EPA explored aggregation of risks across populations and COUs and found that people
engaged in various asbestos releasing activities, may those be occupational, D1Y, take-home,
or from releases to the environment and subsequent indoor infiltration have higher exposures
and potential risks.

2620

2621  Evaluated Exposure Routes

2622 Inhalation is the primary route of occupational and non-occupational exposure to released friable

2623  asbestos fibers evaluated in this Part 2 of the risk evaluation. Although ingestion of respirable fibers can
2624  occur via mucus in the respiratory tract, studies aiming to assess the adverse health effects from asbestos
2625 ingestion have found low correlations or undecisive results (ATSDR, 2012; Polissar et al., 1983).
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Asbestos fibers ingested via the oral pathway will pass the digestive system and be excreted within a
few days, while small fibers may migrate to blood or other tissues before urinary elimination. Therefore,
EPA does not consider the ingestion of asbestos fibers as a relevant exposure pathway for establishing
risks related to asbestos exposure. Similarly, dermal exposures are not assessed for workers or ONUSs in
Part 2 of the Draft Risk Evaluation for Asbestos. The basis for excluding this route is that asbestos exists
in a solid/fiber physical form only, and the size and lack of solubility of an asbestos fiber prevents
systemic dermal penetration. While asbestos may deposit on open/unprotected skin, it will not absorb
into the body through the protective outer skin layers. Therefore, a dermal dose resulting from dermal
exposure is not expected.

Human Exposure Concentrations

For each exposure pathway, low-end (LE), central tendency (CT), and high-end (HE) risk from
inhalation exposure concentrations were estimated. EPA’s Human Exposure Guidelines defined central
tendency exposures as “an estimate of individuals in the middle of the distribution.” It is anticipated that
these estimates apply to most individuals in the United States. HE exposure estimates are defined as
“plausible estimate of individual exposure for those individuals at the upper end of an exposure
distribution, the intent of which is to convey an estimate of exposure in the upper range of the
distribution while avoiding estimates that are beyond the true distribution.” It is anticipated that these
estimates apply to some individuals, particularly those who may live, work, and recreate near facilities
with elevated concentrations.

Sentinel and Aggregate Considerations

Section 2605(b)(4)(F)(ii) of TSCA requires EPA, as a part of the risk evaluation, to describe whether
aggregate or sentinel exposures under the conditions of use were considered and the basis for their
consideration. EPA defines sentinel exposure as “the exposure to a single chemical substance that
represents the plausible upper bound of exposure relative to all other exposures within a broad category
of similar or related exposures (40 CFR 702.33).” In terms of this risk evaluation, EPA considered
sentinel exposures by considering risks to populations who may have upper bound exposures; for
example, workers and ONUs who perform activities with higher exposure potential, or consumers who
have higher exposure potential (e.g., those involved with do-it-yourself projects) or certain physical
factors like body weight or skin surface area exposed. EPA characterized high-end exposures in
evaluating exposure using both monitoring data and modeling approaches. Where statistical data are
available, EPA typically uses the 95th percentile value of the available data set to characterize high-end
exposure for a given condition of use. For consumer and bystander exposures, EPA characterized
sentinel exposure through a “high-intensity use” category based on both product and user-specific
factors. The aggregate analysis considers the aggregation of scenarios for high intensity users when the
individual scenarios do not exceed risk benchmarks, Section 5.1.5.

5.1.1 Occupational Exposures

The following subsections briefly describe EPA’s approach to assessing occupational exposures and
results for each condition of use assessed. For additional details on development of approaches and
results refer to Appendix E.

5.1.1.1 Approach and Methodology

As described in the Scope of the Risk Evaluation for Asbestos Part 2 (U.S. EPA, 2022b), for each
condition of use, EPA endeavors to distinguish exposures among potentially exposed employees for
workers and occupational non-users (ONUs). Normally, a primary difference between workers and
ONUs is that workers may handle asbestos and have direct contact with the substance, while ONUs are
working in the general vicinity of workers but do not handle asbestos and do not have direct contact with
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asbestos being handled by the workers. As discussed in Section 3.1.1, EPA established OESs to assess
the exposure scenarios more specifically within each COU. Table 3-1 provides a crosswalk between
COUs and OESs. Also, EPA identified job types and categories for workers and ONUs and developed
Similar Exposure Groups (SEGs) for a few of the OESs where more detailed information was available
to split between higher exposure-potential workers and lower exposure-potential workers.

For the OESs that were split into SEGs, higher exposure-potential workers are defined as workers whose
activities may directly generate friable asbestos through actions such as cutting, grinding, welding, or
tearing asbestos-containing materials; lower exposure-potential workers are workers who are not
expected to generate friable asbestos but may come into direct contact with friable asbestos while
performing their required work activities. ONUs do not directly handle asbestos or asbestos-containing
products but are present during their work time in an area where asbestos or an asbestos-containing
product is or may be present. Examples of ONUs include supervisors/managers, building inspectors,
ship captains and other marine personnel, and truck drivers who might access the work area or transport
materials but do not perform tasks directly with asbestos or asbestos containing products.

EPA identified relevant inhalation exposure monitoring data for all of the given OESs. The quality of
this monitoring data was evaluated using the data quality review evaluation metrics and the rating
criteria described in the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for
Chemical Substances (U.S. EPA, 2021). Relevant data were assigned an overall quality level of high,
medium, or low. In addition, EPA established an overall confidence for the data when integrated into the
occupational exposure assessment. EPA considered the assessment approach, the quality of the data and
models, and uncertainties in assessment results to assign an overall confidence level of high, medium, or
low.

In the Risk Evaluation for Asbestos Part I: Chrysotile Asbestos (U.S. EPA, 2020c), EPA only evaluated
inhalation exposures to workers and ONUSs in association with chrysotile asbestos manufacturing
(import), processing, distribution and use in industrial applications and products. Part 2 of the risk
evaluation covers exposure to industrial and commercial legacy uses and associated disposals of all
forms of asbestos, as well as consideration of talc and vermiculite products that may contain asbestos.
The physical condition of asbestos is an important factor when considering the potential human
pathways of exposure. Several of the ashestos-containing products identified as COUs of asbestos are
not friable as intact products; however, the products can be made friable due to physical and chemical
wear over time. Exposures to ashbestos can potentially occur via all routes; however, EPA anticipates that
the most likely exposure route is inhalation for workers and ONUSs.

Where monitoring data were reasonably available, EPA used these data to characterize central tendency
and high-end inhalation exposures. In cases where no ONU sampling data are available, EPA typically
assumes that ONU inhalation exposure is either comparable to area monitoring results or assumes that
ONU exposure is likely lower than workers. EPA identified monitoring data for ONUs for three of the
four OESs where ONU exposure is assessed. For the Waste Handling and Disposal OES, EPA did not
have monitoring data to estimate inhalation exposure for ONUSs. In this case, exposure for ONUs was
addressed using the central tendency for estimates of worker inhalation exposure. As noted in Section
5.1, dermal exposures are not assessed for workers or ONUs because the expected physical form of
asbestos is only the solid/fiber phase. While asbestos may deposit on open/unprotected skin, it will not
absorb into the body through the protective outer skin layers.

EPA considered two issues unique to asbestos, when compared to other chemicals for which EPA
developed TSCA risk evaluations. One issue is the possibility of asbestos fibers settling to surfaces and
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subsequently becoming resuspended into the workplace air. The extent to which this process occurs is
assumed to be reflected in the sampling data that EPA considered for each COU. The second unique
issue for asbestos is that it can be found in friable and non-friable materials; and the friability of the
materials has direct bearing on asbestos releases to the air. This issue is also presumably reflected in the
sampling data (i.e., asbestos in friable materials has a greater likelihood of being detected in the air
samples, as compared to asbestos in non-friable materials).

The occupational exposure assessment of each OES comprises the following components:

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

Worker Activities: Activities in which workers may be potentially exposed to asbestos.
Number of Establishments: Estimated number of establishments with workers and ONUs that
use asbestos for the given OES. Workers and ONUs from one establishment may perform work
activities at various sites for the following OES: Handling Asbestos-Containing Building
Materials During Maintenance, Renovation, and Demolition Activities; Handling of Asbestos-
Containing Building Materials during Firefighting or Other Disaster Response Activities.
Number of Potentially Exposed Workers: Estimated number of workers, including ONUSs,
who could potentially be exposed to asbestos for the given OES.

Occupational Inhalation Exposure Results: EPA used exposure monitoring data provided by
industry and/or available in the peer-reviewed literature, when it was available, to assess
occupational inhalation exposures. In all cases, EPA synthesized the reasonably available
information and considered limitations associated with each data set. In Section 5.1.1.2, EPA
reports central tendency and high-end estimates for exposure distribution derived for workers
and for ONUs for each OES and Section 5.1.4.1 presents the strengths, limitations, assumptions,
and uncertainties associated with these exposure estimates. Figure 5-1 displays the general
approaches used to develop occupational exposure estimates for each OES. Inhalation exposure
estimates were generated by analyzing monitoring data that was found in NIOSH Health Hazard
Evaluations (HHE’s), Occupational Safety and Health Administration (OSHA) Chemical
Exposure Health Data (CEHD) or were provided by industry. Estimates for the number of
workers and ONUs potentially exposed were generally estimated by analyzing Occupational
Employment Statistics data from the Bureau of Labor Statistics (BLS) and data from the U.S.
Census’ Statistics of U.S. Businesses for relevant NAICS codes. Further discussion on the
approaches used for each occupational exposure assessment is provided in Appendix E.
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OES
Occupational
Assessment
Inhalation # of Workers, ONUs
Exposure Exposed
I
l l
Monitoring # Workers or ONUs Number of
Data per establishment establishments
Industry data, Census, NEI, TRI,
NIOSH, OSHA BLS, Census, NFPA CDR, NFPA

Figure 5-1. Approaches Used for Each Component of the Occupational Assessment for Each OES
TRI = Toxics Release Inventory; NEI = National Emissions Inventory; CDR = Chemical Data Reporting; BLS =
Bureau of Labor Statistics; NIOSH = National Institute of Occupational Safety and Health; OSHA = Occupational
Safety and Health Administration; NFPA = National Fire Protection Association

Appendix E provides a summary of EPA’s estimates for the total exposed workers and ONUs for each
OES. To prepare these estimates, EPA first attempted to identify North American Industrial
Classification (NAICS) codes associated with each OES. For these NAICS codes, EPA then reviewed
Standard Occupational Classification (SOC) codes from BLS and classified relevant SOC codes as
workers or ONUs. All other SOC codes were assumed to represent occupations where exposure is
unlikely. EPA also estimated the total number establishments associated with the NAICS codes
previously identified based on data from the U.S. Census Bureau.

EPA then estimated the average number of workers and ONUSs potentially exposed per establishment by
dividing the total number of workers and ONUSs by the total number of establishments. For the OES for
Firefighting and Other Disaster Response Activities, EPA used data provided by the National Fire
Protection Association (NFPA) in order to estimate the number of firefighters (both career and
volunteer), the number of fire departments, and the number of responders per structure fire (NFPA
2022b, 2012). Because all workers in firefighting and disaster response may be highly exposed, EPA
assumed that there are only workers and that there are no ONUSs for the OES. Additional details on
EPA’s approach and methodology for estimating the number of establishments using asbestos and the
number of workers and ONUs potentially exposed to asbestos can be found in Appendix E.

5.1.1.1.1 Consideration of Engineering Controls and Personal Protective
Equipment

OSHA requires employers to utilize the hierarchy of controls to address hazardous exposures in the
workplace. The hierarchy of controls prioritizes the most effective measures to address exposure; the
first of which is to eliminate or substitute the harmful chemical (e.g., use a different process, substitute
with a less hazardous material), thereby preventing or reducing exposure potential. Following
elimination and substitution, the hierarchy prioritizes engineering controls to isolate employees from the
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hazard (e.g., source enclosure, local exhaust ventilation systems), followed by administrative controls, or
changes in work practices to reduce exposure potential. Administrative controls are policies and
procedures instituted and overseen by the employer to prevent worker exposures. As the last means of
control, the use of PPE (e.g., respirators, gloves) is required, when the other feasible control measures
cannot reduce workplace exposure to an acceptable level.

OSHA Respiratory Protection and Asbestos Standards

OSHA has standards that are applicable to occupational exposure to asbestos including the Respiratory
Protection Standard (29 CFR 1910.134); and the Asbestos Standard for general industry (29 CFR
1910.1001) construction (29 CFR 1926.1101), and shipyards (29 CFR 1915.1001). These standards
have multiple provisions that are highlighted below.

OSHA'’s Respiratory Protection Standard (29 CFR 1910.134) requires employers to provide respiratory
protection whenever it is necessary to protect the health of the employee from contaminated or oxygen
deficient air. This includes situations where respirators are necessary to protect employees in

an emergency. Employers must follow the hierarchy of controls that requires the use of engineering and
work practice controls, where feasible. Only if such controls are not feasible or while they are being
implemented may an employer rely on a respirator to protect employees. Respirator selection provisions
are provided in CFR 1910.134(d) and require that appropriate respirators be selected based on the
respiratory hazard(s) to which the worker will be exposed and workplace and user factors that affect
respirator performance and reliability. Assigned protection factors (APFs) are provided in Table 1 under
CFR 1910.134(d)(3)(i)(A) (see also Table 5-1). APFs refer to the level of respiratory protection that a
respirator or class of respirators is expected to provide to employees when the employer implements a
continuing, effective respiratory protection program.
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Table 5-1. Assigned Protection Factors for Respirators in OSHA Standard 29 CFR 1910.134¢9
Type of Respirator?® Ql\lﬂ;t; r l\l;::g( Fa<l::eL|;)IiIece Helmet/Hood L?:ffep':i';t:'eng
1. Air-Purifying Respirator 5 10° 50
2. Powered Air-Purifying Respirator (PAPR) 50 1,000 25/1,000° 25
3. Supplied-Air Respirator (SAR) or Airline Respirator
e Demand mode 10 50
e Continuous flow mode 50" 1,000 25/1,000° 25
e Pressure-demand or other positive- 50f 1,000
pressure mode
4. Self-Contained Breathing Apparatus (SCBA)
e Demand mode 10 50 50
e Pressure-demand or other positive- 10,000 10,000
pressure mode

& Employers may select respirators assigned for use in higher workplace concentrations of a hazardous substance for
use at lower concentrations of that substance, or when required respirator use is independent of concentration.

b The assigned protection factors are only effective when the employer implements a continuing, effective respirator
program as required by 29 CFR 1910.134, including training, fit testing, maintenance, and use requirements.

¢ This APF category includes filtering facepieces and half masks with elastomeric facepieces.

4 The employer must have evidence provided by the respirator manufacturer that testing of these respirators
demonstrates performance at a level of protection of 1,000 or greater to receive an APF of 1,000. This level of
performance can best be demonstrated by performing a workplace protection factor (WPF) or simulated workplace
protection factor (SWPF) study or equivalent testing. Absent such testing, all other PAPRs and SARs with
helmets/hoods are to be treated as loose-fitting facepiece respirators and receive an APF of 25.

¢ These APFs do not apply to respirators used solely for escape. For escape respirators used in association with
specific substances covered by 29 CFR 1910 subpart Z, employers must refer to the appropriate substance-specific
standards in that subpart. Escape respirators for other IDLH atmospheres are specified by 29 CFR 1910.134(d)(2)(ii).
" These respirators are not common.

9 Respirators with bolded APFs satisfy the OSHA requirements for asbestos and an appropriate respirator should be
selected based on the air concentration. Filtering facepiece respirators do not satisfy OSHA requirements for
protection against asbestos fiber.

OSHA'’s asbestos standards also include respiratory protection provisions found at 29 CFR
1910.1001(g) for general industry, 29 CFR 1926.1101(h) for construction, and 29 CFR 1915.1001(qg)
for shipyards. The respiratory protection provisions in these standards require employers to provide each
employee with an appropriate respirator that complies with the requirements outlined in the provision. In
the general industry standard, paragraph (g)(2)(ii) requires employers to provide an employee with a
tightfitting, powered air-purifying respirator (PAPR) instead of a negative pressure respirator selected
according to paragraph (g)(3) when the employee chooses to use a PAPR and it provides adequate
protection to the employee. In addition, paragraph (g)(3) of the general industry standard states that
employers must not select or use filtering facepiece respirators for protection against asbestos fibers.
Therefore, filtering facepiece respirators were not included in Table 5-1. Based on the general industry
standards for handling asbestos, the following PPE should not be used as protection against asbestos
fibers: filtering facepieces (N95), quarter masks, helmets, hoods, and loose fitting facepieces. OSHA’s
29 CFR 1910.1001(g)(3)(ii) also indicates that high-efficiency particulate air (HEPA) filters for PAPR
and non-powered air-purifying respirators should be provided.

APFs are intended to guide the selection of an appropriate class of respirators to protect workers after a
substance is determined to be hazardous, after an occupational exposure limit is established, and only
when the occupational exposure limit is exceeded after feasible engineering, work practice, and
administrative controls have been put in place. For asbestos, the employee permissible exposure limit
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(PEL) is 0.1 fibers per cubic centimeter (f/cc) as an 8-hour, time-weighted average (TWA) and/or the
excursion limit of 1.0 f/cc averaged over a sampling period of 30 minutes.

Using the OSHA PEL for asbestos of 0.1 f/cc, a half-mask negative pressure HEPA filtered facepiece
(when fitted properly) can provide protection in atmospheres with up to 1.0 f/cc [0.1 f/cc multiplied by
the APF of 10].

Only the respirator types and corresponding APFs bolded in Table 5-1 meet the OSHA requirements for
asbestos. The specific respiratory protection required in any situation is selected based on air monitoring
data. OSHA specifies that the Maximum Use Concentration (MUC) be calculated to assess respirator
selection. The MUC is the maximum amount of asbestos that a respirator can handle from which an
employee can be expected to be protected when wearing a respirator. The APF of the respirator or class
of respirators is the amount of protection that it provides the worker compared to not wearing a
respirator. The permissible exposure limit for asbestos (0.1 f/cc) sets the threshold for respirator
requirements. The MUC can be determined by multiplying the APF specified for a respirator by the
OSHA PEL, short-term exposure limit, or ceiling limit.

The APFs are not assumed to be interchangeable for any COU, any workplace, or any worker. The use
of a respirator would not necessarily resolve inhalation exposures if the industrial hygiene program in
place is poorly maintained. An inadequate respiratory protection program could lead to inadequate
respirator fit tests and poor maintenance of respirators which could affect APF. Based on the APFs
specifically identified for asbestos and presented in Table 5-1, inhalation exposures may be reduced by a
factor of 10 to 10,000 assuming employers institute a comprehensive respiratory protection program.

5.1.1.2 Summary of Inhalation Exposure Assessment
Table 5-2 summarizes the number of establishments and total number of exposed workers for all
occupational exposure scenarios (see Appendix E for additional information).

Table 5-2. Summary of Total Number of Workers and ONUs Potentially Exposed to Asbestos for
Each OES?

OES Total Exposed | Total Exposed Total Exposed Number of
Workers ONUs Workers and ONUs | Establishments?

Mamtgr}ance, renovation, and 3.7E6 1.9E6 4.8E6 6.8E5
demolition
Firefighting _aqd_ other disaster 3.6E5 N/A 3.6E5 5 9E3
response activities (career)
Firefighting _an_d_ other disaster 6.8E5 N/A 6.8E5 5 AE4
response activities (volunteer)
Use, repair, or removal of
mdu_strlal and commermal 6.4E4 5 5E4 1.9E5 2 9E4
appliances or machinery
containing asbestos
Handling articles or
formulations that contain
asbestos (battery insulators, 3.1E5 1.6E5 4.7E5 1.6E4
burner mats, plastics, cured
coatings/adhesives/sealants)
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OES Total Exposed | Total Exposed Total Exposed Number of
Workers ONUs Workers and ONUs | Establishments?
Waste handling, disposal, and 2 6E4 4.7E4 7 3E4 5 0E3
treatment

8 EPA’s approach and methodology for estimating the number of establishments using asbestos and the number
of workers and ONUs potentially exposed to asbestos can be found in Appendix E.

A summary of inhalation exposure results based on monitoring data and exposure modeling for each
OES is presented for higher-exposure potential workers in Table 5-3, lower-exposure potential workers
in Table 5-4, and ONUs in Table 5-5. These tables provide a summary of 8-hour time-weighted average
(8-hour TWA) and short-term (30-min) inhalation exposure estimates, as well as average daily
concentration (ADC) estimates based on the 8-hour TWA monitoring data. Additional details regarding
occupational ADC calculations can be found in Appendix E.5.4. Also, it is important to note that EPA
provides qualitative assessments of potential exposures for the Handling of vermiculite-containing
products OES (Appendix E.14.2) and the Mining of non-asbestos commodities OES (Appendix E.15.2);
therefore, exposures and number of workers are not quantified for the two aforementioned OESs.
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2871  Table 5-3. Summary of Inhalation Exposure Results for Higher-Exposure Potential Workers Based on Monitoring Data and
2872  Exposure Modeling for Each OES
Inhalation Monitoring (Worker, f/cc)?
Short-Term Average Daily Concentrations
OES (30-minute) SHIF T (ADC)”
HE CT HE CT HE CT
Maintenance, renovation, and demolition 0.16 2.5E-2 0.43 1.1E-3 2.0E-2 5.1E-5
Firefighting and other disaster response activities |— - 0.39 2.0E-2 1.1E-3 5.5E-5
(career)
Firefighting and other disaster response activities |— - 0.39 2.0E-2 3.5E+4 1.8E-5
(volunteer)
Use, repair, or removal of industrial and 0.17 1.9E-2 0.16 8.4E-3 3.6E-2 1.9E-3
commercial appliances or machinery containing
asbestos
Handling articles or formulations that contain 8.8E-2 7.3E-2 0.69 0.10 0.16 2.3E-2
asbestos (battery insulators, burner mats, plastics,
cured coatings/adhesives/sealants)
Waste handling, disposal, and treatment — — 3.2E-2 1.5E-3 7.2E-3 3.4E-4
& Where there is no split between higher and lower-exposure potential workers, workers are grouped with higher-exposure potential workers and lower-
exposure potential workers are not assessed.
b ADC presented here is based on 8-hour TWA monitoring data. Short-term ADC estimates are calculated using the 30-minute exposure concentrations
presented here, averaged with 7.5 hours at the full shift (i.e., 8-hour TWA) exposure concentrations. See Table_Apx E-47 for ADC estimates associated
with short-term exposures.
2873
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2874  Table 5-4. Summary of Inhalation Exposure Results for Lower-Exposure Potential Workers Based on Monitoring Data and Exposure

2875  Modeling for Each OES

Inhalation Monitoring (Worker, f/cc)?
Short-Term Average Daily
(30-minute) SHIBUT T Concentrations (ADC)P
HE CT HE HE HE CT

Maintenance, renovation, and demolition 2.5E-2 2.5E-2 0.22 1.1E-3 1.0E-2 5.1E-5
Firefighting and other disaster response activities |— — — — — —
(career)
Firefighting and other disaster response activities |— — — — — —
(volunteer)
Use, repair, or removal of industrial and - - - - - -
commercial appliances or machinery containing
asbestos

Handling articles or formulations that contain 4.2E-2 2.1E-2 1.1E-2 8.3E-3 2.5E-3 1.9E-3
asbestos (battery insulators, burner mats, plastics,
cured coatings/adhesives/sealants)

Waste handling, disposal, and treatment — — - - _ _
4Where there is no split between higher and lower-exposure potential workers, workers are grouped with higher-exposure potential workers and lower-

exposure potential workers are not assessed.
b ADC presented here is based on 8-hour TWA monitoring data. Short-term ADC estimates are calculated using the 30-minute exposure concentrations
presented here, averaged with 7.5 hours at the full shift (i.e., 8-hour TWA) exposure concentrations. See Table_Apx E-47 for ADC estimates associated

with short-term exposures.

OES

2876
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Table 5-5. Summary of Inhalation Exposure Results for ONUs Based on Monitoring Data and Exposure Modeling for Each OES

Inhalation Monitoring (Worker, f/cc)

Short-Term

Average Daily Concentrations

asbestos (battery insulators, burner mats, plastics,
cured coatings/adhesives/sealants)

OES . -
(30-minute) 8-nr TWA (ADC)?
HE CT HE CT HE CT

Maintenance, renovation, and demolition 5.3E-2 2.7E-2 4.6E-2 1.2E-2 2.1E-3 5.6E-4
Firefighting and other disaster response activities - — — - - -
(career)
Firefighting and other disaster response activities - - - - - -
(volunteer)
Use, repair, or removal of industrial and commercial - - 4.9E-2 2.8E-2 1.1E-2 6.4E-3
appliances or machinery containing asbestos
Handling articles or formulations that contain 1.5E-3 7.7E-4 1.2E-3 1.1E-3 2.6E-4 2.5E-4

Waste handling, disposal, and treatment

with short-term exposures.

@ ADC presented here is based on 8-hour TWA monitoring data. Short-term ADC estimates are calculated using the 30-minute exposure concentrations
presented here, averaged with 7.5 hours at the full shift (i.e., 8-hour TWA) exposure concentrations. See Table_Apx E-47 for ADC estimates associated
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5.1.1.3 Summary of Dermal and Oral Exposure Assessment
As described in Section 5.1, dermal and oral exposures are not assessed for workers and ONUs in Part 2
of the risk evaluation for asbestos.

5.1.1.4 Weight of Scientific Evidence Conclusions for Occupational Exposure

In Table 5-6, EPA provides a summary of the weight of scientific evidence for each of the OESs
indicating whether monitoring data was reasonably available, the number of data points identified, the
quality of the data, EPA’s overall confidence in the data, and whether the data was used to estimate
inhalation exposures for workers and ONUs. Appendix E provides further details of EPA’s overall
confidence for inhalation exposure estimates for each OES assessed.
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Table 5-6. Summary of the Weight of Scientific Evidence for Occupational Exposure Estimates by OES?

Inhalation Exposure

Weight of Scientific

OES il Evidence Conclusion
High Exposure- Low Exposure- .
Potential i D_ata Potential i D_ata ONU i D_ata Dtz Quallty Worker ONU
Points Points Points Ratings
Worker Worker

Maintenance, renovation, v 992 v 36 v 104 H Moderate Moderate
and demolition
Firefighting and other v 62 x N/A x N/A H Moderate to | N/A
disaster response activities Robust
Use, repair, or removal of v 253 X N/A v 20 H Moderate to | Moderate to
industrial and commercial Robust Robust
appliances or machinery
containing asbestos
Handling articles or v 62 v 15 4 8 H Moderate Moderate
formulations that contain
asbestos (battery insulators,
burner mats, plastics, cured
coatings/ adhesives/
sealants)
Waste handling, disposal, v 95 x N/A x N/A H Moderate N/A
and treatment

2 The number of data points is the combined count of TWA and short-term samples. Where EPA was not able to estimate ONU inhalation exposure from
monitoring data or models, this was assumed equivalent to the central tendency experienced by workers for the corresponding OES; dermal exposure for
workers and ONUs was not evaluated because asbestos is not expected to absorb into the body through the skin.
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5.1.1.4.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for
the Occupational Exposure Assessment

Number of Workers

There are several uncertainties surrounding the estimated number of workers potentially exposed to
asbestos, as outlined below. Most are unlikely to result in a systematic underestimate or overestimate but
could result in an inaccurate estimate.

There are also uncertainties with BLS data, which are used to estimate the number of workers for the
remaining conditions of use. First, BLS employment data for each industry/occupation combination are
only available at the 3-, 4-, or 5-digit NAICS level, rather than the full 6-digit NAICS level. This lack of
granularity could result in an overestimate of the number of exposed workers if some 6-digit NAICS are
included in the less granular BLS estimates but are not, in reality, likely to use asbestos for the assessed
applications. EPA addressed this issue by refining the OES estimates using total employment data from
the U.S. Census Statistics of U.S. Businesses (SUSB). However, this approach assumes that the
distribution of occupation types (SOC codes) in each 6-digit NAICS is equal to the distribution of
occupation types at the parent 5-digit NAICS level. If the distribution of workers in occupations with
asbestos exposure differs from the overall distribution of workers in each NAICS, then this approach
will result in inaccuracy.

Second, EPA’s judgments about which industries (represented by NAICS codes) and occupations
(represented by SOC codes) are associated with the uses assessed in this report are based on EPA’s
understanding of how asbestos is used in each industry. Designations of which industries and
occupations have potential exposures is nevertheless subjective, and some industries/occupations with
few exposures might erroneously be included, or some industries/occupations with exposures might
erroneously be excluded. This would result in inaccuracy but would be unlikely to systematically either
overestimate or underestimate the number of exposed workers.

Due to limited information found in the BLS data, the number of workers and establishments for
firefighting and other disaster response activities were estimated using data from the National Fire
Protection Association (NFPA) (NEPA, 2022b). These data are based on two surveys conducted by the
NFPA and may result in some inaccuracy in the number of exposed workers estimates for this OES.

Analysis of Exposure Monitoring Data

This report uses existing worker exposure monitoring data to assess exposure to ashestos from several
conditions of use. To analyze the exposure data, EPA categorized each data point as either “worker” or
“occupational non-user,” with additional designations of “higher exposure-potential” or “lower
exposure-potential” for workers. The categorizations are based on descriptions of worker job activity as
provided in literature and EPA’s judgment. In general, samples for employees that are expected to have
the highest exposure from direct handling of asbestos are categorized as “worker” and samples for
employees that are expected to have the lower exposure and do not directly handle asbestos are
categorized as “occupational non-user.” The occupational exposure scenario for firefighting and disaster
response also categorizes career and volunteer firefighters separately due to an expected difference in
exposure frequency.

Exposures for occupational non-users can vary substantially. Most data sources do not sufficiently
describe the proximity of these employees to the asbestos exposure source. As such, exposure levels for
the “occupational non-user” category will have high variability depending on the specific work activity
performed. It is possible that some employees categorized as “occupational non-user” have exposures
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similar to those in the “worker” category depending on their specific work activity pattern. There were
two OESs (i.e., Maintenance, renovation, and demolition; and Use, repair, or removal of industrial and
commercial appliances or machinery containing asbestos) where ONU central tendency exposure values
were estimated at higher levels than worker central tendency exposure values. The resulting high central
tendency values for ONUs are a result of the lack of data, specifically a lack of ONU samples that
contain low measured amounts of asbestos. For the same OESs, there were more comprehensive data
available to characterize a wider range of potential worker exposure values which led to lower central
tendency exposure estimations for workers in these cases.

Also, some data sources may be inherently biased. For example, bias may be present if exposure
monitoring was conducted to address concerns regarding adverse human health effects reported
following exposures during use or if exposure monitoring results were only provided from industry.
Another source of bias among data, commonly known as the “Hawthorne effect,” occurs due to changes
in behavior of the individual being monitored. Specifically, workers that are aware that they are being
monitored may exhibit more hygienic practices if they wish to show that there is lesser exposure in their
occupation, or they may exhibit less hygienic practices if they wish to show that there is greater
exposure in their occupation.

One limitation of the monitoring data is the uncertainty in the representativeness of the data. Differences
in work practices and engineering controls across sites can introduce variability and limit the
representativeness of monitoring data. The age of the monitoring data can also introduce uncertainty due
to differences in workplace practices and equipment used at the time the monitoring data were collected
compared to those currently in use. Therefore, older data may overestimate or underestimate exposures,
depending on these differences. The effects of these uncertainties on the occupational exposure
assessment are unknown, as the uncertainties may result in either overestimation or underestimation of
exposures depending on the actual distribution of asbestos air concentrations and the variability of work
practices among different sites.

Where sufficient data were reasonably available, the 95th and 50th percentile exposure concentrations
were calculated using reasonably available data. The 95th percentile exposure concentration is intended
to represent a high-end exposure level, while the 50th percentile exposure concentration represents a
central tendency exposure level. The underlying distribution of the data, and the representativeness of
the reasonably available data, are not known. Where discrete data was not reasonably available, EPA
used reported statistics (i.e., median, mean, 90th percentile, etc.). Because EPA could not verify these
values, there is an added level of uncertainty.

EPA calculated ADC values assuming workers and ONUs are regularly exposed during their entire
working lifetime, which likely results in an overestimate for some but not all. Individuals may change
jobs during the course of their career such that they are no longer exposed to asbestos, and that actual
ADC values become lower than the estimates presented.
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5.1.2 Take-Home Exposures

Monitoring data to obtain take-home exposure concentrations was described in Section 3.1.2 and in
Section 5.1.1. Briefly, the 8-hour TWA occupational exposure concentrations in Table 5-3 were used to
estimate take-home exposure concentrations from people that bring asbestos contaminated clothing from
occupational activities into their households and come to be exposed to asbestos from handling the
contaminated garments. Each of the occupational exposure scenarios discussed in Section 5.1.1 result in
distinct occupational 8-hour TWA concentrations for distinct numbers of days per year (see Table_Apx
E-47), amounting to different numbers of exposure for the associated take-home scenarios from worn
occupational garments. The take-home exposure scenarios include both handlers and bystanders for each
of the OESs in Section 5.1.1:

¢ Maintenance, renovation, and demolition;

e Firefighting and other disaster response activities (career);

e Firefighting and other disaster response activities (volunteer);

e Use, repair, or removal of industrial and commercial appliances or machinery containing
asbestos;

e Handling articles or formulations that contain asbestos (battery insulators, burner mats, plastics,
cured coatings/adhesives/sealants); and

e Waste handling, disposal, and treatment.

The data needed to estimate the yearly average concentration for each scenario using the unit exposure
approach is summarized in Table 5-7 and are explained in Equation_Apx J-1.

The unit approach described in Section 3.1.4 allows to treat different wear and wash patterns similarly if
they will yield equal yearly average concentrations. This approach greatly simplifies the estimation of
exposure for each take-home scenario. For example, for the wear/wash patterns discussed in Section
3.1.4 and assuming an occupational TWA concentration of 1 f/cc: (1) a worker wearing one garment set
for three consecutive days and then laundering, and (2) a worker wearing a different garment set each
day and laundering all three together both correspond to three exposure units and, when averaged over a
year, give the same yearly average concentrations. Implicit in this assumption is that all the asbestos
fibers that load onto one garment set worn over multiple workdays between washing events are retained
until the laundry preparation activity; in actuality, as a garment set is worn multiple days, some fibers
will slough off the garment, resulting in less than three full units of exposure. In the developed approach,
the key assumption used in this analysis tends to overestimate the take-home exposures for wear/wash
patterns where a single garment is worn multiple days before washing.
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Table 5-7. Data Needs to Obtain Take-Home Yearly Average Concentrations
Variable Value/Calculation Source
8-hour TWA [X] f/cc Occupational exposure analysis,
Occupational Exposure Table_Apx E-47
Concentration
24-hour TWA Take- Take-home slope factor? x [X] f/cc | Calculated using regression
Home Exposure based on available data sources,
Concentration Section 3.1.4
Frequency [Y] days a year Occupational exposure analysis,
Table_Apx E-47

& The [X] 8-hour TWA occupational exposure concentration and the [Y] frequency in days per year are taken

directly from the occupational exposure analysis in Table_Apx E-47.

5.1.2.1 Concentrations of Asbestos in Take-Home Scenarios
The 24-hour TWA take-home concentrations are estimated using the 8-hour TWA loading
concentrations, CT for central tendency and HE for high-end tendency and the take-home slope factors
(CT and HE). CT and HE were obtained from the reported average and maximum for each study, four
studies and six data points were used to obtain CT and three studies were used for HE (see Section
3.1.2). In this calculation, the CT slope factor is multiplied by the CT loading concentration to estimate
the CT take-home concentration, and similarly for the HE estimates. The take-home concentrations are
estimated using the “higher-exposure potential worker” from Table 5-3. Then the yearly average
concentration for lifetime cancer risk is calculated using Equation 5-1.

Equation 5-1. Yearly Average Take-Home Concentration Example Calculation Using
Equation_Apx J-1

[Y days] ]
365 days
[50 days]]
365 days

Yearly Ave Concen = [X f/cc] X take-home slope factor X [

Yearly Ave Concen = 1.10 x 1073f /cc x 0.0011 X [

Yearly Ave Concen Handler CT = 1.67 X 1077 f /cc
Calculations and slope factor approaches to obtain take-home exposure concentrations and the lifetime

and non-cancer chronic risk values estimates are available in Asbestos Part 2 Draft RE - Risk Calculator
for Take Home - Fall 2023 (see Appendix C).
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Table 5-8. Estimated CT and HE Yearly Average Concentrations Using Take-Home Slope Factors

OES, Higher-Exposed Worker

8-hr TWA Loading
Concentration (f/cc)

Yearly Average Take Home Concentration (f/cc)

oT HE Handler Bystander
CT HE CT HE

Maintenance, renovation, and demolition | 1.10E-3 | 4.30E-1 1.66E-7 5.77E-4 1.06E-7 3.79E-4
Firefighting and other disaster response
activities (career) 2.00E-2 | 3.90E-1 1.81E-7 3.14E-5 1.15E-7 2.06E-5
Firefighting and other disaster response | 5 yoe 5 | 3901 | 6.03E-8 | 105E-5 | 3.84E-8 | 6.87E-6
activities (volunteer)
Use, repair, or removal of industrial and
commercial appliances or machinery 8.40E-3 1.60E-1 6.33E-6 1.07E-3 4.03E-6 7.05E-4
containing asbestos
Handling articles or formulations that
contain asbestos (battery insulators, B
burner mats, plastics, cured 1.00E-1 | 6.90E-1 7.54E-5 4.63E-3 4.80E-5 3.04E-3
coatings/adhesives/sealants)
Waste handling, disposal, and treatment 150E-3 | 3.20E-2 1.13E-6 2.15E-4 7.20E-7 141E-4

Notes:

CT Slope Factor for Handler is 0.0011 and for Bystander is 0.00070.
CT Slope Factor was obtained using regression 3 using Madl et al. (2008), Jiang et al. (2008), Sahmel et al. (2014), and Sahmel

et al. (2016).

HE Slope Factor for Handler is 0.0098 and for Bystander is 0.0064.

HE Slope Factor was obtained using regression 2 using Abelmann et al. (2017), Madl et al. (2014), and Madl et al. (2009).

5.1.2.2 Weight of Scientific Evidence Conclusions for Take-Home
Overall confidence in each take-home scenario is robust (+++) for maintenance and renovation, and
moderate to robust (++ to +++) for all other OESs. The slight confidence in the data used for four of the
OESs is because EPA used the regression of the two OESs with data to calculate concentration of
asbestos fibers in one garment and extrapolated the use of these data to the other four OESs. The
regression approach and the use of occupational setting concentrations is of robust and moderate
confidence for the scenarios in which the regression was built and the scenarios for which the regression

was extrapolated.
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Table 5-9. Weight of Scientific Evidence Conclusions for Take-Home Exposure Scenarios

Take-Home Scenario/OES

Confidence
in Data
Used

Confidence in User-Selected Varied Inputs

Regression
Slope
Approach

8-hour
TWA Occ.
Loading

24-hour
TWA Take-
Home
Loading

Frequency

(Y)

Weight of
Scientific
Evidence

Conclusion

Maintenance, renovation,
and demolition handler and
bystander

++

+++

++

+++

+++

+++

Firefighting and other
disaster response activities
(career) handler and
bystander

++

++

++

+++

++ t0 +++

Firefighting and other
disaster response activities
(volunteer) handler and
bystander

++

++

++

+++

++ 10 +++

Use, repair, or removal of
industrial and commercial
appliances or machinery
containing asbestos handler
and bystander

++

++

++

+++

++ 10 +++

Handling articles or
formulations that contain
asbestos (battery insulators,
burner mats, plastics, cured
coatings/adhesives/sealants)
handler and bystander

++

++

++

+++

++ t0 +++

Waste handling, disposal,
and treatment handler and
bystander

++

++

++

+++

++ 10 +++

+ = Slight; ++ = moderate; +++ = robust

5.1.2.2.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for
the Take-Home Exposure Assessment
Variability and uncertainty in the take-home exposure approaches, calculations, assumptions, and
concentrations calculated are both addressed in this section. Variability refers to the inherent
heterogeneity or diversity of data in an assessment. It is a description of the range or spread of a set of
values. Uncertainty refers to a lack of data or an incomplete understanding of the context of the risk

evaluation decision.

Variability cannot be reduced, but it can be better characterized. Uncertainty can be reduced by
collecting more or better data. Uncertainty is addressed qualitatively by including a discussion of factors
such as data gaps and subjective decisions or instances where professional judgment was used.
Uncertainties associated with approaches and data used in the evaluation of take-home exposures are

described below.
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Table 5-10. Qualitative Assessment of the Uncertainty and Variability Associated with
Concentrations Data Used in Take-Home Exposure Analysis

Uncertainty -
Variable Name Effect SCIE (Low, Medium, Varla_blllty .
Source High) (Low, Medium, High)
Overall take-home | Take-home regression Section Low, number of High, data ranges 3to 4
24-hour approach includes a number 3.1.2 studies and overall orders of magnitude
concentration data | of activity-based asbestos rating
releases, more studies would
help keep the uncertainty at
low.
Overall take-home | More studies are expected to | Section Medium, CT and HE | High, data ranges 3 to 4
yearly decrease the uncertainty. 5.1.2 approaches for orders of magnitude
concentration specific activities not
calculation available extrapolated
for COUs that did not
have specific activity
data.
Occupational Section Low, occupational NA
parameters used in 5.1.2 parameters are well
yearly understood and
concentrations characterized
Overall take- Concentrations used in risk | Section Low, number of High, data ranges 3to 4
home calculation estimates 3.1.2and | studies, orders of magnitude
concentration 512 representative of
data take-home scenarios
with well
understood use
parameters

Variability refers to the inherent heterogeneity or diversity of data in an assessment, while uncertainty refers to a lack of
data or an incomplete understanding of the context of the risk evaluation decision.

5.1.3 Consumer Exposures

5.1.3.1 Approach and Methodology

Part 2 of the risk evaluation covers exposure to consumer legacy uses and associated disposals of all
forms of asbestos, as well as consideration of talc and vermiculite products that may contain asbestos.

5.1.3.1.1 Consumer COUs and Activity-Based Exposure
Table 3-5 and Table 3-6 summarize the consumer COUs, activity-based scenarios that are quantitatively
evaluated. Direct inhalation of particulate/dust containing asbestos fibers from activity-based scenarios
is expected to be the most significant route of exposure to released friable asbestos fibers for DIY
consumers and bystanders, see Section 5.1 for a detailed discussion of evaluated exposure routes.

5.1.3.1.2 Consumer Exposure and Risk Estimation Approach

Consumer and bystander activity-based exposure concentrations and risks were calculated using
Equation_Apx H-1, which is the general equation for estimating cancer risks for lifetime and less than
lifetime exposure from inhalation of asbestos, from the Office of Land and Emergency Management
Framework for Investigating Asbestos-contaminated Superfund Sites (U.S. EPA, 2008).

All of the activity-based scenarios considered people 16 years of age and older of all genders for DI'Y
users and, and all ages and genders for bystanders. The exposure duration is 62 years for DIY users and
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78 years for bystanders, and the averaging time is 78 years. The TWFs accounting for lifetime cancer
exposure time and frequency are summarized in Table 5-11. The non-cancer chronic TWF are calculated
using Equation_Apx H-3 and the values are summarized in Table 5-13, while all basis for assumptions
and descriptions remain the same for lifetime and chronic. The values are based on assumptions related
to the activity type (e.g., disturbance/repair or removal) rather than the specific product.

For repair activities, it was assumed that a DI'Y user may perform one repair or renovation task where
they may disturb ACM per year, and the length of time spent on the task varies for low-end, high-end,
and central tendency exposure estimates. These time estimates are based on reasonably available
information, including EPA guidance documents (Exposure Factors Handbook (U.S. EPA, 2011)) and
professional judgement of EPA staff. For removal activities, EPA reviewed the frequency of
replacement for various home materials such as tiles and roofing, but also considered the likelihood of
consumers encountering legacy use ACM. For example, while industry experts might recommend
replacing floor tile every 20 years, only the first replacement job is likely to involve removing asbestos-
containing floor tile. It is unlikely that newly installed floor tile that might be replaced again after 20
years would contain asbestos. Therefore, it was assumed for low-end and central tendency estimates, a
DIY user perform removal jobs with asbestos-containing products once in their lifetime, and for high-
end estimates, a DI'Y user might remove asbestos-containing products three times over their lifetime. It
was assumed that each removal job takes 10 days for central tendency and high-end and estimates and 5
days for low-end estimates. In contrast to repair activities, it was assumed that removal work takes a
longer time (i.e., 8 hours per day). Lifetime cancer and non-cancer chronic risk estimates are available in
Asbestos Part 2 Draft RE - Risk Calculator for Consumer - Fall 2023 (see Appendix C).
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Table 5-11. Lifetime Cancer Time-Weighting Factors Assumptions for All COUs
Activity-Based Scenario Lo_\liv\;wE:nd Low-End TWF Basis Hl_glj_f\x/IIE:nd High-End TWF Basis Tengeer:](:t;a}II'WF CentraI-TBe;];jitsency TWF
Construction, paint, electrical, and metal products COU: construction and building materials covering large surface areas subcategory

Outdoor, disturbance/repair 0.00006 Assumed 1 repair/year, 0.00034 Assumed 1 repair/year, 0.00011 Assumed 1 repair/year,

(sanding or scraping) of taking 1 day, lasting 30 taking 1 day, lasting 3 taking 1 day, lasting 1

roofing materials min/day hr/day hr/day

Outdoor, removal of roofing |0.00457 Assumed 1 removal job in |0.02740 Assumed 3 removal jobs in |0.00913 Assumed 1 removal job in

materials lifetime taking 5 days lifetime taking 10 days lifetime taking 10 days
lasting 8 hr/day lasting 8 hr/day lasting 8 hr/day

Indoor, removal of plaster 0.00457 Assumed 1 removal job in |0.02740 Assumed 3 removal jobs in |0.00913 Assumed 1 removal job in
lifetime taking 5 days lifetime taking 10 days lifetime taking 10 days
lasting 8 hr/day lasting 8 hr/day lasting 8 hr/day

Indoor, disturbance (sliding) of |0.00006 Assumed 1 repair/year, 0.00034 Assumed 1 repair/year, 0.00011 Assumed 1 repair/year,

ceiling tiles taking 1 day, lasting 30 taking 1 day, lasting 3 taking 1 day, lasting 1
min/day hr/day hr/day

Indoor, removal of ceiling tiles |0.00457 Assumed 1 removal job in |0.02740 Assumed 3 removal jobs in |0.00913 Assumed 1 removal job in
lifetime taking 5 days lifetime taking 10 days lifetime taking 10 days
lasting 8 hr/day lasting 8 hr/day lasting 8 hr/day

Indoor, maintenance (chemical |0.00006 Assumed 1 repair/year, 0.00034 Assumed 1 repair/year, 0.00011 Assumed 1 repair/year,

stripping, polishing, or buffing) taking 1 day, lasting 30 taking 1 day, lasting 3 taking 1 day, lasting 1

of vinyl floor tiles min/day hr/day hr/day

Indoor, removal of vinyl floor |0.00457 Assumed 1 removal job in |0.02740 Assumed 3 removal jobs in |0.00913 Assumed 1 removal job in

tiles lifetime taking 5 days lifetime taking 10 days lifetime taking 10 days
lasting 8 hr/day lasting 8 hr/day lasting 8 hr/day

Indoor, disturbance/repair 0.00006 Assumed 1 repair/year, 0.00034 Assumed 1 repair/year, 0.00011 Assumed 1 repair/year,

(cutting) of attic insulation. taking 1 day, lasting 30 taking 1 day, lasting 3 taking 1 day, lasting 1
min/day hr/day hr/day

Construction, paint, electrical, and metal products COU: fillers and putties subcategory

Indoor, disturbance (pole or 0.00006 Assumed 1 repair/year, 0.00034 Assumed 1 repair/year, 0.00011 Assumed 1 repair/year,

hand sanding and cleaning) of taking 1 day, lasting 30 taking 1 day, lasting 3 taking 1 day, lasting 1

spackle min/day hr/day hr/day

Indoor, disturbance (sanding |0.00006 Assumed 1 repair/year, 0.00034 Assumed 1 repair/year, 0.00011 Assumed 1 repair/year,

and cleaning) of coatings, taking 1 day, lasting 30 taking 1 day, lasting 3 taking 1 day, lasting 1

mastics, and adhesives min/day hr/day hr/day

Indoor, removal of floor 0.00457 Assumed 1 removal job in |0.02740 Assumed 3 removal jobs in |0.00913 Assumed 1 removal job in

tile/mastic lifetime taking 5 days lifetime taking 10 days lifetime taking 10 days
lasting 8 hr/day lasting 8 hr/day lasting 8 hr/day

Indoor, removal of window 0.00457 Assumed 1 removal job in |0.02740 Assumed 3 removal jobs in {0.00913 Assumed 1 removal job in

caulking

lifetime taking 5 days

lasting 8 hr/day

lifetime taking 10 days

lasting 8 hr/day

lifetime taking 10 days
lasting 8 hr/day

Furnishing, cleaning, treatment care products COU: construction and building materials covering large surface areas, including fabrics, textiles, and apparel subcategory
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. . Low- End . High-End . . Central Central-Tendency TWF
Activity-Based Scenario TWE Low-End TWF Basis TWE High-End TWF Basis Tendency TWF Basis
Use of mittens for glass 0.00019 Assumed BBQ! mittens 0.00096 Assumed BBQ mittens used |0.00048 Assumed BBQ mittens used

manufacturing, (proxy for
oven mittens and potholders)

used more than other
hobbies. People grill on
average 1 hr/day, 1 day per
week (52 days per year),
using an ACM mitt for 2
years over their lifetime

more than other hobbies.
People grill on average 1
hr/day, 1 day per week (52
days per year), using an
ACM mitt for 10 years over
their lifetime

more than other hobbies.
People grill on average 1
hr/day, 1 day per week (52
days per year), using an
ACM mitt for 5 years over
their lifetime

Note, EPA assumed a cooking or grilling activity-based scenario, which is likely performed in higher frequencies and durations than other hobbies requiring the need for
protective clothing such as mittens and potholders under this COU.
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5.1.3.2 Summary of Consumer Activity-Based Scenarios Exposure Concentrations
Using Equation_Apx H-1 in Appendix H.2 the exposure point concentrations summarized in Table 3-6
and TWFs summarized in Table 5-11, exposure concentrations were calculated for each activity-based
scenario and are presented in Table 5-12 and Table 5-13 for lifetime cancer and non-cancer chronic.

Table 5-12. Lifetime Cancer Human Exposure Concentrations for Consumer Exposure Activity-
Based Scenarios by COU and Subcategory

Activity-Based Scenario

Lifetime Cancer Human Exposure Concentration (f/cc)

DIY User (62-year exposure)

Bystander (lifetime exposure)

Central . Low- Central .
Low-End Tendency High-End End Tendency High-End
Construction, paint, electrical, and metal products COU: construction and building materials covering large surface areas
subcategory
Outdoor, disturbance/repair (sanding or 2.5E-7 7.9E-7 3.3E-6 4.2E-8 1.3E-7 5.5E-7
scraping) of roofing materials
Outdoor, removal of roofing materials 2.3E-5 4.6E-5 2.7E-4 2.3E-5 4.6E-5 2.7E-4
Indoor, removal of plaster 4.6E-5 1.8E-4 1.4E-3 2.3E-5 4.6E-5 2.7E-4
Indoor, disturbance (sliding) of ceiling 1.3E-6 2.6E-6 1.5E-5 1.3E-6 2.6E-6 1.5E-5
tiles
Indoor, removal of ceiling tiles 2.3E-5 8.2E-5 5.2E-4 3.8E-6 1.4E-5 8.7E-5
Indoor, maintenance (chemical Below Below Below Below Below Below
stripping, polishing, or buffing) of vinyl LOD LOD LOD LOD LOD LOD
floor tiles
Indoor, removal of vinyl floor tiles 2.6E-5 5.1E-5 1.5E-4 1.8E-6 3.7E-6 1.1E-5
Indoor, disturbance/repair (cutting) of 6.6E-5 1.3E-4 4.0E-4 2.8E-5 5.6E-5 1.7E-4
attic insulation
Indoor, moving and removal with 4.4E-3 4.7E-2 2.5E-1 2.1E-3 9.1E-3 4.2E-2
vacuum of attic insulation
Construction, paint, electrical, and metal products COU: fillers and putties subcategory
Indoor, disturbance (pole or hand 7.1E-5 1.6E-3 8.9E-3 1.1E+4 5.7E-4 3.3E-3
sanding and cleaning) of spackle
Indoor, disturbance (sanding and 1.3E-6 2.6E-6 1.4E-5 1.7E-7 3.4E-7 2.7E-6
cleaning) of coatings, mastics, and
adhesives
Indoor, removal of floor tile/mastic 2.3E-5 4.6E-5 2.7E-4 2.3E-5 4.6E-5 2.7TE-4
Indoor, removal of window caulking 2.3E-5 4.6E-5 2.7E4 2.3E-5 4.6E-5 2.7E-4

Furnishing, cleaning, treatment care products COU: Construction and building m
including fabrics, textiles, and apparel Subcategory

aterials cove

ring large surface areas,

Use of mittens for glass manufacturing,
(oven mittens and potholders)

2.3E-5 1.4E4 5.1E4

3.8E-6

2.3E-5

8.5E-5
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Table 5-13. Non-cancer Chronic Human Exposure Concentrations for Consumer Exposure
Activity-Based Scenarios by COU and Subcategory

Activity-Based Scenario

Non-cancer Chronic Human Exposure Concentration (f/cc)

DIY User (62-year exposure)

Bystander (lifetime exposure)

Central . Low- Central .
Low-End Tendency High-End End Tendency High-End
Construction, paint, electrical, and metal products COU: construction and building materials covering large surface areas
subcategory
Outdoor, disturbance/repair (sanding or 2.0E-7 6.3E-7 2.6E-6 3.4E-8 1.0E-7 4.4E-7
scraping) of roofing materials
Outdoor, removal of roofing materials 1.8E-5 3.6E-5 2.2E-4 1.8E-5 3.6E-5 2.2E-4
Indoor, removal of plaster 3.6E-5 1.5E-4 1.1E-3 1.8E-5 3.6E-5 2.2E4
Indoor, disturbance (sliding) of ceiling 1.0E-6 2.0E-6 1.2E-5 1.0E-6 2.0E-6 1.2E-5
tiles
Indoor, removal of ceiling tiles 1.86-5 6.5E-5 4.1E-4 3.0E-6 1.1E-5 6.9E-5
Indoor, maintenance (chemical Below Below Below Below Below Below
stripping, polishing, or buffing) of vinyl LOD LOD LOD LOD LOD LOD
floor tiles
Indoor, removal of vinyl floor tiles 2.0E-5 4.1E-5 1.2E-4 1.5E-6 2.9E-6 8.7E-6
Indoor, disturbance/repair (cutting) of 5.3E-5 1.1E-4 3.2E4 2.2E-5 4.5E-5 1.3E-4
attic insulation.
Indoor, moving and removal with 3.5E-3 3.7E-2 2.0E-1 1.7E-3 7.3E-3 3.4E-2
vacuum of attic insulation
Construction, paint, electrical, and metal products COU: fillers and putties subcategory
Indoor, disturbance (pole or hand 5.7E-5 1.3E-3 7.0E-3 8.8E-5 4.5E-4 2.6E-3
sanding and cleaning) of spackle
Indoor, disturbance (sanding and 1.0E-6 2.1E-6 1.1E-5 1.4E-7 2.7E-7 2.2E-6
cleaning) of coatings, mastics, and
adhesives
Indoor, removal of floor tile/mastic 1.8E-5 3.6E-5 2.2E-4 1.8E-5 3.6E-5 2.2E-4
Indoor, removal of window caulking 1.8E-5 3.6E-5 2.2E-4 1.8E-5 3.6E-5 2.2E4

includ

Furnishing, cleaning, treatment care products COU: construction and building materials cove
ing fabrics, textiles, and app

arel subcategory

ring large surface areas,

Use of mittens for glass manufacturing,
(oven mittens and potholders)

1.8E-5

1.1E-4

4.0E4

3.0E-6

1.8E-5

6.7E-5

5.1.3.3 Weight of Scientific Evidence Conclusions for Consumer Exposure
There is uncertainty associated with the activity-based scenarios’ TWF assumptions summarized in
Section 5.1.3.1.2. EPA considered using the Exposure Factors Handbook suggestions for general
activities when it seemed relevant. However, many of the activity scenarios built in this evaluation are
specific and unique to the hazard and asbestos COU, and the Exposure Factors Handbook did not
contain appropriate time or frequency information. Table 16-100 “Annual Average Time Use by the
U.S. Civilian Population, Ages 15 Years and Older” provides an annual average time estimate of 1.79
hours spent on household activities, which includes home maintenance, repair, and renovation. This
seemed to underestimate time spent performing specific DIY user activities, so EPA used professional
judgement to develop exposure time and frequency estimates for repair/disturbance and removal

activities, see Table 5-11.

Page 130 of 405




3125
3126
3127
3128
3129
3130
3131
3132
3133
3134
3135
3136
3137
3138
3139

PUBLIC RELEASE DRAFT
April 2024

As noted in the prior section, EPA used occupational studies as proxies for DI'Y consumer scenarios.
There is uncertainty related to differences in exposure patterns between professionals and DIY users.
For example, DIY work is expected to be on a smaller scale than professional work, but due to lack of
experience or proper tools DIY users may take longer to perform certain tasks.

For bystanders, it is a conservative assumption that bystanders are present during every instance a DI'Y
user performs work disturbing asbestos-containing products, and that bystanders remain within the work
area of the DIY user throughout the entire time the DIY user is performing the work. Bystander
exposures therefore may be overestimated, but the magnitude is uncertain.

Finally, EPA has made assumptions regarding both age at start of exposure and duration of exposure for
DIY users and bystanders that may overestimate exposures.

Table 5-14. Weight of Scientific Evidence Conclusions for Consumer Exposure Activity-Based
Scenarios

Confidence in User-Selected Varied Weight of
Activity-Based DIY DiYer/ | Confidence Inputs Scientific
Scenario Bystander |in Data Used p TWE ED AT Evidence
c Conclusion
Outdoor, DiYer ++ ++ ++ +++ +++ ++
disturbance/repair
(sanding or scraping) of | Bystander + + +4 4+ 4+ +10 ++
roofing materials
Outdoor, removal of | PIYer ++ t+lo+ + e+ +++ ++
roofing materials Bystander + + ++ o+ - +10 ++
Indoor, removal of DIYer i tHio+ o i T i
plaster Bystander + + ++ +++ 4+ + 10 ++
Indoor, disturbance DlYer ++ ++to + ++ +++ +++ ++
(sliding) of ceiling tiles Bystander + + 4 4 ot +10 ++
Indoor, removal of DIYer i tHio+ ++ i e i
ceiling tiles Bystander + + ++ +++ 4+ +1t0 ++
Indoor, maintenance DIYer ++ ++to + ++ +++ +++ ++
(chemical stripping,
polishing, or buffing) of | Bystander + + ++ +++ +++ +10 ++
vinyl floor tiles
DlYer ++ ++to + ++ +++ +++ ++
Indoor, removal of
vinyl floor tiles Bystander + + ++ +++ +++ +10 ++
Indoor, disturbance / DlYer ++ ++to + ++ +++ +++ ++
repair (cutting) of attic
insulation Bystander + + ++ +++ +++ + to ++
Indoor, moving and DlYer ++ ++to + ++ +++ +++ ++
removal (with vacuum)
of attic insulation Bystander + + ++ F++ F++ +1t0 ++
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Confidence in User-Selected Varied Weight of
Activity-Based DIY DlYer/ | Confidence Inputs Scientific
Scenario Bystander |in Data Used Evidence

=r = = a Conclusion
Indoor, disturbance DIYer ++ ++to+ ++ ++ ++ ++
(pole or hand sanding
and cleaning) of Bystander + + ++ +++ +++ + 1o ++
spackle
Indoor, disturbance DIYer ++ ++ o + ++ ++t ++t ++
(sanding and cleaning)
of coatings, mastics, | Bystander + + ++ o+ ok + 10 ++
and adhesives

DlYer ++ ++to + ++ +++ +++ ++

Indoor, removal of
floor tile/mastic Bystander + + ++ +H+ +++ +10 ++
Indoor, removal of DIYer + i+ ++ e e ++
window caulking Bystander + + ++ +H+ +++ +10 ++
Use of mittens for glass |DIYer ++ + + +++ +++ +10 ++
manufacturing, (proxy
for oven mittens and Bystander + + + +++ +++ +10 ++
potholders)

5.1.3.3.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for
the Consumer Exposure Assessment
Variability and uncertainty in the consumer DIY activity-based exposure approaches, assumptions and
concentrations calculated are both addressed in this section. Variability refers to the inherent
heterogeneity or diversity of data in an assessment. It is a description of the range or spread of a set of
values and cannot be reduced, but it can be better characterized. Uncertainty refers to a lack of data or an
incomplete understanding of the context of the risk evaluation decision. Uncertainty is addressed
qualitatively by including a discussion of factors such as data gaps and subjective decisions or instances
where professional judgment was used.
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Table 5-15. Qualitative Assessment of the Uncertainty and Variability Associated with Consumer Risk Assessment

Variable Name

Effect

Data Source

Uncertainty
(b e )

Variability
(e ) ©

Overall consumer DIY
concentration data

Concentrations used in risk calculation
estimates (EPC).

Systematic review identified

studies measurements

++

++°

concentration data

concentration

studies measurements,
assumptions, and other
parameters

Exposure time (activity Assumption used in all scenarios that only Assumption +¢ +++
time in hours during a one activity is performed. This assumption
day) within a TWF ¢ may underestimate risk ¢
calculation
Exposure duration (years | Assumption for each activity type used in Assumption +++ +++
of exposure) within TWF | the calculation of LE, CT, and HE exposure
calculation concentrations
Exposure duration Assumption for all consumer DIY scenarios | Assumption +++ +++
to start at 16 years of age covers most
practical and usual exposures in a lifetime
Overall consumer DIY | Overall calculation of human exposure Systematic review identified ++t0 +++ +4 P

2 + = glight; ++ = moderate; +++ = robust.
® Low-end to high-end concentration ranges were within the same or one order of magnitude difference for all scenarios concentrations.
® It is possible that similar activities can be performed more than once in a lifetime.
d Time-weighting factors (TWF) values are based on assumptions, where similar job types (e.g., “repair”) were given consistent TWF. The assumptions take
into account not only the frequency of a job type (e.g., “roof replacement”) but also the number of times per lifetime that a given job will include asbestos
materials. For example, a roof may be replaced every 10 years, but only the first replacement job is likely to include legacy use asbestos; in contrast, repeat
repair jobs are more likely to contain legacy asbestos each time.
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5.1.4 General Population Exposures

General population exposures occur when asbestos fibers are released into the environment from
occupational activities and people that live or recreate at certain distances (10, 30, 60, 100, 1,000, 2,500,
5,000, and 10,000 m) from the release source are exposed from inhaling suspended fibers. Section 3.3
provides a summary of the monitoring, database, and modeled data concentrations of asbestos fibers
released into the environment from occupational activities.

5.1.4.1 Approach and Methodology

Asbestos fibers have been detected in the outdoor environment indicating that some amount of exposure
is occurring and vary across the general population depending on proximity to sources and the activities
releasing asbestos fibers. See Section 3.3.3 for a summary of environmental studies where asbestos has
been measured and detected in various environmental media.

Emission of asbestos fibers is expected to occur through the following mechanisms: releases from
activities in which asbestos materials are modified, and abrasion of materials to form small particulates
through routine use. Releases of asbestos fibers to the outdoor environment may occur through direct
releases to air as well as indirect releases from the indoor environment activities. In this analysis, EPA
does not aggregate the activities that modified asbestos containing materials in indoor environments, like
those from occupational exposures, in Section 5.1.1, and DI'Y consumer exposures in Section 5.1.3 to
the environmental releases concentrations infiltrating the indoor environment. In this analysis, EPA only
estimates risks from exposures to releases to the environment that then infiltrate the indoor environment.

Exposure to the general population was estimated for the industrial and commercial releases per OES
and matched to each COU. Table 5-16 summarizes industrial and commercial releases to the
environmental media by OES and COU.

Table 5-16. Summary of Environmental Releases from Industrial and Commercial Activities for
Inhalation Exposures by OES and Media

Specific | Generic
Facilit Facilit
OES COU(s) Fugitiv)(/a Fugitiv)(/a Measured
Air Air

Handling articles or COU: Construction, paint, electrical, and metal v
formulations that products
contain asbestos COU: Furnishing, cleaning, treatment care products

COU: Packaging, paper, plastic, toys, hobby

products
Handling ashestos- COU: Construction, paint, electrical, and metal v v v
containing building products
ma'_[erlals during COU: Furnishing, cleaning, treatment care products
maintenance,
renovation, and
demolition activities
Use, repair, or disposal | COU: Construction, paint, electrical, and metal v v
of industrial and products
commercial appliances
or machinery
containing asbestos
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Specific | Generic
Facilit Facilit
OES COU(s) Fugi tiv)t/e Fugi tiv)t/e Measured
Air Air
Waste handling, COU: Disposal, including distribution for disposal v v
disposal, and treatment
fugitive annual ambient
air risk
Handling asbestos- COU: Construction, paint, electrical, and metal v v
containing building products
materials during COU: Furnishing, cleaning, treatment care products
firefighting or other
disaster response
activities
N/A COU: Chemical substances in automotive, fuel, v
agriculture, outdoor use products

3179

3180  Figure 5-2 depicts the methods EPA used to estimate general population inhalation exposures. The

3181  assessment used environmental release estimates that were related to the industrial and commercial OES
3182  (Section 3.2.1). Release estimates were used to model ambient air concentrations (Section 3.3.1.3). EPA
3183  modeled estimates for ambient air concentrations from environmental releases from industrial and

3184  commercial activities were used to obtain estimated inhalation exposure for the general population.
3185

Inhalation Risk Assessment

Environmental Releases
from Industrial and
Commercial Activities

Emissions to

Environmental
Media

[@neristvll  Monitoring/Measured

. _ Concentrations
Ambient Air

IOAC/AERMOD

, y ] e mmme Inhalation ELCR Estimates
Specific Facilities Generic Facilities

Concentrations at Certain Concentrations at Certain
Distance From Source Distance From Source

amn g Inhalation MOE Estimates

3186

3187  Figure 5-2. Exposure Assessment Approaches Used to Estimate General Population Exposure to
3188  Asbestos
3189
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Modeled air concentrations were utilized to estimate general population risk associated to inhalation
exposures at various distances from a facility performing specific activities that release asbestos fibers,
see Section 3.3.1.3 for Specific and Generic Facilities emission concentrations grouped and summarized
by OES. Measured air concentrations in Table 3-9 are the environmental media monitoring data that was
available in the United States. For a description of statistical methods, methodology of data integration
and treatment of non-detects and outliers used to generate these estimates please reference Section
3.3.1.1 and Appendix E.17. The measured concentrations scenarios are commonly used to ground truth
portions of the results from the ambient air modeled scenarios for specific and generic facilities when
describing similar distances from the source. However, because of the differences in activity-based
scenarios ashestos fibers releases within each COU and its matching OES measured and modeled results
comparisons in this RE are to be used as a guidance rather than ground truth. See Section 3.3.1.3 for a
comparison discussion between modeled and measured concentrations for various COUs.

Concentrations in Table 3-11 are used to calculate the associated lifetime cancer and non-cancer chronic
risk to asbestos fibers inhalation. The general population exposure concentrations and inhalation lifetime
cancer risk are calculated using Equation_Apx L-1 and Equation_Apx L-2. Lifetime cancer and non-
cancer chronic risk estimates are available in Asbestos Part 2 Draft RE - Risk for Calculator Consumer -
Fall 2023 (see Appendix L and Appendix C).

Various exposure duration (ED) and LTL IUR values were considered per COU for both non-cancer
chronic and lifetime cancer risk estimates. One (1) year is used for OES that are not stationary activities
such as demolitions, firefighting, and modification of machinery. Appendix L summarizes the
references, assumptions, and sources of information used for the 1 year ED for non-stationary
occupational activities related to firefighting and cleanup and extended to renovation and demolitions,
recognizing this is likely to overestimate ED. Twenty years were used as the number of years children
are assumed to reside in a single residential location for OESs that are stationary, such as waste handling
(landfills) and formulation of asbestos products. The 20-year assumption is based on expected humber
of years children will remain in a household from birth to adulthood. This assumption considers
exposures at early stages and carrying that exposure throughout their entire lifetime, 78-year. Additional
ED considerations are available in Appendix L (Table_Apx L-1 and Table_Apx L-2) for exposures
starting at 20 years of age and lasting for 30 years, representing young and mature adults that move
away from their childhood residence and remain in the same residence for 30 years and carry that
exposure throughout their entire lifetime, 78 years. Also considered in the appendix analysis is an
estimate for people that remain in the same residence their entire lifetime, 78 years. Table 5-17
summarizes main general population exposure duration assumptions and parameters used in estimating
risk.
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Table 5-17. General Population Exposure Duration Parameters

Parameter

Description

Values and Notation

Exposure duration (ED) for stationary
OES

OES examples: Waste handling at
landfills and Formulation of ashestos
products at specific locations/facilities

Exposures starting at birth and lasting 20
years of residing at same household.
Assumption of number of years children
reside in a single residential location.
Most protective assumption as the
exposure will be carried out through the
exposed population’s lifetime.

ED = 20 years
Less-than-lifetime (LTL)
IUR = 1UR(0,20) = 0.13
f/cc

Exposure duration for non-stationary
short duration OES

OES examples: Demoalition,
renovation, maintenance of asbestos
containing structures,
Removal/maintenance of
machinery/appliances, and Firefighting
activities outside firehouse

Exposures starting at birth and lasting 1
year of residing at same household.
Assumption is that the activity
sporadically occurs for 1 year. Most
protective assumption as the exposure
will take place through the exposed
population’s lifetime.

ED=1
LTL IUR=1UR(0,1) =
0.01 f/cc

The Ambient Air Methodology utilizing AERMOD evaluated exposures to exposure points at eight
finite distances (5, 10, 30, 60, 100, 2,500, 5,000, and 10,000 m) and one area distance (100 to 1,000 m)
from a hypothetical releasing source for each OES. Exposure points for each of the eight finite distances
were placed in a polar grid every 22.5 degrees around the respective distance ring. This results in a total
of 16 exposure points around each finite distance ring for which exposures are modeled. Figure 5-3
provides a visual depiction of the placement of exposure points around a finite distance ring. Although
the visual depiction only shows exposure points locations around a single finite distance ring, the same
placement of exposure points occurred for all eight finite distance rings.

Exposure Points around each Finite Distance Ring

[ Releasing Facility

30-e0 m

100-1,000 m

Location of
Exposed
Individual

Figure 5-3. Modeled Exposure Point Locations for Finite Distance Rings for Ambient Air

Modeling (AERMOD)
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Exposure points for the area distance evaluated were placed in a cartesian grid at equal distances
between 200 and 900 m around each releasing facility (or generic facility for alternative release
estimates). Exposure points were placed at 100-meter increments. This results in a total of 456 exposure
points for which exposures are modeled.

5.1.4.2 Summary of General Population Ambient Air Exposure Concentrations
Releases of asbestos fibers to ambient air from various industrial or commercial activities, described by
occupational exposure scenarios (OES), were used to estimate environmental concentrations. Modeled
air concentration releases from industrial and commercial OESs emissions summarized in Section 3.3.1
were used to calculate risk to the general population using Equation_Apx L-1 and Equation_Apx L-2
and the assumptions and parameters described in Section 5.1.4.1. The generic and specific facilities
modeled air concentrations were grouped and averaged (when appropriate) per OES, see Figure 5-4 and
Appendix F.3 for groupings and pivot tables.

LOEH00 [ e e o o o o o o o o o o mm omm 1
1.0E-01L
1.0E-02
1.0E-03
1.0E-04
1.0E-05
1.0E-06
1.0E-07

|

1

1
0E-04 |l
.0E-05 |l
.0E-06 ||
OE-07 |}
L.OE-08 |
L.OE-09 || ‘ i ‘
LOE-10 |}
LOE-1L ||
LOE-12 |
1OE-13 |,
LOE-14 |

General Population

T

1 100-1000 2500 5000 10000

Co-located General Population

Ambient Air Concentration (f/cc)

Distance from Source (m)
B Waste Handling, Disposal, and Treatment Fugitive
Handling Asbestos-Containing Building Materials During Maintenance, Renovation, and Demolition Activities Fugitive
Use, Repair, or Disposal of Industrial and Commercial Appliances or Machinery Containing Asbestos Fugitive
B Handling Articles or Formulations that Contain Asbestos Fugitive
B Waste Handling, Disposal, and Treatment Stack
® Handling Asbestos-Containing Building Materials During Firefighting or Other Disaster Response Activities Fugitive
m Handling Articles or Formulations that Contain Asbestos Stack

B Use, Repair, or Disposal of Industrial and Commercial Appliances or Machinery Containing Asbestos Stack

Figure 5-4. Modeled Ambient Air Concentrations by OES
Bar lines are the low- and high-end concentrations.

5.1.4.3 Weight of Scientific Evidence Conclusions for General Population Exposure

EPA modeled inhalation to asbestos fibers in ambient air. EPA considered multiple low-end, central
tendency and high-end inputs for ambient air modeled scenarios. Further, each scenario was split into
many sub-scenarios to fully explore potential variability. Modeled estimates were compared with
monitoring data to ensure overlap and evaluate the overall magnitude and trends. For example,
firefighting and fireproofing asbestos containing building material in Section 3.3.1.3. A qualitative
assessment of the uncertainty and variability associated with this approach is presented in Section
5.1.4.3.1 below and the overall confidence in the general population exposure scenarios inhalation risk
calculation is summarized in Table 5-18. All monitoring data used to estimate releases to ambient air
had data quality ratings of medium/high. For releases modeled with TRI/NEI/NRC data, the weight of
scientific evidence conclusion was moderate to robust.
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Table 5-18. Overall Confidence for General Population Exposure Scenarios
G | Population E S . Environmental Overall Dispersion
eneral Population Exposure Scenario Releases? Model Concentrations

Waste Handling, Disposal, and Treatment Fugitive ++ to +++ ++
Handling Asbestos-Containing Building Materials During 1O t
Maintenance, Renovation, and Demolition Activities Fugitive
Use, Repair, or Disposal of Industrial and Commercial
Appliances or Machinery Containing Asbestos Fugitive tHI0 i
Han_d]mg Acrticles or Formulations that Contain Asbestos ++ to +++ ++
Fugitive
Handling Asbestos-Containing Building Materials During + t
Firefighting or Other Disaster Response Activities Fugitive
2 See Section 3.2.1.2 and Appendix E.8.

5.1.4.3.1 Strengths, Limitations, Assumptions, and Key Sources of Uncertainty for
the General Population Exposure Assessment

Table 5-19. Qualitative Assessment of the Uncertainty and Variability Associated with General
Population Assessment

Rl Uncertainty | Variability
Variable Name Section(s) in Risk Data Source
) (L, M, H)2 | (L, M, H)2
Evaluation

General population exposure assessment
Environmental release |3.2 EPA modeled Mto L H
estimates
Environmental 3.3 Extracted and evaluated |M H
monitoring data data (all) plus key studies
Exposure factors and 5141 EPA Exposure Factors |L M
activity patterns Handbook

Key parameters for modeling environmental concentrations
Air modeling defaults: |3.3.1, Appendix H |IIOAC/AERMOD L H
meteorological data, defaults
indoor/outdoor transfer
Particle deposition 3.3.4, AppendixH |AERMOD M H
(Air Section)

& L = low; M = moderate; H = high

EPA considered water, soil and land, and air pathways, and only the releases to air were moved on to
risk characterization, see Section 3.3. This may result in a potential underestimation of exposure in some
cases. Examples of exposure pathways that were not considered include incidental inhalation of
suspended soil during recreational activities. However, EPA expects these exposures to be less than
those that were included in the aggregate assessment. As such, their impact will likely be minimal and
would be unlikely to influence the overall magnitude of the results.

5.1.5 Aggregate Exposure Scenarios

EPA defines aggregate exposure as “the combined exposures to an individual from a single chemical
substance across multiple routes and across multiple pathways (40 CFR 702.33).” Aggregate exposure
can be done across several pathways and routes in the non-occupational and occupational risk
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assessments. However, the principal route of exposure considered in asbestos risk assessment to legacy
uses is inhalation; hence, EPA only considered aggregation across inhalation exposure scenarios and
COUs (Figure 5-5). If the individual estimates in the aggregation result in risk for a particular COU or
exposure scenario, this value is omitted from aggregation calculations, but the possibility of that specific
COU/activity occurring is described. When considering scenario specific estimates and aggregate
exposures, there is uncertainty associated with which scenarios co-occur in a given population group.
Further, there is variability within a given exposure scenario. For the same exposure scenarios, central
tendency estimates are more likely to co-occur than high-end estimates. To address this, EPA used
different combinations of exposures sampling from the entire distribution for all estimated exposures
that were not above the risk benchmark. This approach offers more clarity than static sensitivity analyses
based on combining assorted high-end and/or central tendency estimates of the component distributions.
For instance, combining the 95th percentile estimate of all component variables in an exposure equation
in a static sensitivity analysis may produce a conservative high-end estimate of exposure that cannot be
related to a specific percentile on the exposure distribution. Instead, EPA selected the risk estimates
when those were not above the risk benchmark and aggregated across exposure scenarios and
COUs/OES.

Populations Ccou Exposure Scenarios

COU 1: Construction, Paint,
Electrical, and Metal Products

‘Worker and
ONUs

COU 2: Furnishing, Cleaning,

Treatment Care Products " Ambient air releases from |
» activity-based occupational
Aggregation COU 3: Packaging, Paper, . SCenarios J
of risk across Plastic, Toys, Hobby Products N
populations X Indoor Air releases from
Take-Home [ COU 4: Automotive, Fuel, ) L activity-based scenarios
(garment +  Agriculture, Outdoor Use |+
handler and \ Products )

bystander

h 4

COU 5: Laboratory Chemicals

General

Population COU 6: Disposal, including
Distribution for Disposal

Figure 5-5. Asbestos Aggregate Analysis Approach

5.2 Human Health Hazard

As described in Part 1 of the Risk Evaluation, the risk related to asbestos exposures are well established
and have been reviewed by several authorities. Data collected since the early 1970s from extensive
population studies with lengthy follow-up have increased our understanding of diseases linked to
asbestos exposure and reinforced the case for a causal relationship between asbestos exposure and
particular adverse health outcomes.

After a thorough and comprehensive investigation into the reasonably available evidence on the hazards
and health risks associated with asbestos, from data sources like the IRIS 1988 Assessment on Asbestos
(U.S. EPA, 1988Db), IRIS 2014 Assessment on Libby Amphibole Asbestos (U.S. EPA, 2014c), National
Toxicology Program (NPT) 2016 Report on Carcinogens, Fourteenth Edition (NTP, 2016), NIOSH 2011
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Asbestos Fibers and Other Elongated Mineral Particles: State of the Science and Roadmap for Research
(NIOSH, 2011b), ATSDR 2001 Toxicological Profile for Asbestos (ATSDR, 2001), International
Agency for Research of Cancer (IARC) 2012 Monographs on the Evaluation of Carcinogenic Risks to
Humans. Arsenic, Metals, Fibres, and Dust. Asbestos (Chrysotile, Amosite, Crocidolite, Tremolite,
Actinolite, and Anthophyllite (IARC, 2012b), and World Health Organization (WHO) 2014 Chrysotile
Asbestos (WHO, 2014), the EPA determined that the human health hazards identified in the previous
reports are still relevant and valid. These studies continue to show that asbestos exposure is associated
with lung cancer, mesothelioma, laryngeal cancer and ovarian cancer (U.S. EPA, 2020c).

Cancer of Larynx and Ovaries

While lung cancer and mesothelioma have historically been the major focus of health studies and were
initially the focus in Part 1, it is recognized that laryngeal and ovarian cancers have more recently been
causally linked to asbestos exposure. Notably IARC monograph on epidemiological data showed that
there is a high incidence of lung cancer among workers who were exposed to chrysotile, amosite,
anthophyllite, and mixed fibers containing crocidolite and tremolite. Within the IARC monograph,
exposure to all asbestos fiber types was considered together as “cumulative exposure,” so the
conclusions are summarized using that term here. There was also strong evidence for a positive
exposure-response relationship between cumulative asbestos exposure and cancer of the larynx and
ovaries as reported in several of the well-conducted cohort studies. This relationship was based on the
fairly consistent findings of both occupational cohort studies and case-control studies, as well as the
evidence for positive exposure-response relationships between cumulative asbestos exposure and
laryngeal cancer and/or ovarian cancer (IARC, 2012a). In the most recent IARC Monograph on asbestos
(IARC, 2012a), five highly positive cohort mortality studies of women with heavy occupational
exposure to asbestos were reviewed and it was concluded that the evidence clearly demonstrated a
causal association between exposure to asbestos and cancer of the ovary. Studies demonstrating that
women and girls with environmental exposure to asbestos, but not occupational exposure, showed
positive associations in both ovarian cancer incidence and death, providing additional support for the
relationship between asbestos exposure and ovarian cancer. The occupational workforce exposed to
asbestos has been predominately male, especially in occupations like mining, milling, shipyard work,
construction, and asbestos insulation. Thus, the published literature examining the association between
asbestos exposure and cancer of the ovaries has been more limited.

Colorectal Cancer

When considering cohort and case-control studies examining asbestos exposure and colorectal cancer,
several studies demonstrated a position relationship. However, evidence for a dose-response relationship
was not clearly evidence across the various cohorts studies (IARC, 2012a). Studies of populations with
prolonged and heavy exposure to asbestos that included high quality exposure assessment and had long-
term follow-up show positive exposure-response associations between asbestos exposure and colorectal
cancer, but several studies present conflicting results. Overall, the range of epidemiologic evidence is
not sufficient to establish causality in the association between asbestos and colorectal cancer (IARC,
2012a).

Overall, there was no new information for cancers such as mesothelioma, lung cancer, laryngeal,
ovarian, and colorectal cancers that substantively changed conclusions from prior assessments on the
causal relationship with asbestos exposure.

Besides cancer effects, it is well established that asbestos exposure can have adverse effects on the heart

and lungs as well as other non-cancer health outcomes. There is ample evidence that asbestos exposure
can have negative effects on the respiratory system, including asbestosis, non-malignant respiratory
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disease (NMRD), pulmonary function impairments, diffuse pleural thickening (DPT), and pleural
plaques. There are a number of immunological and lymphoreticular effects that have been hypothesized
but not substantiated. Numerous asbestos-exposed cohorts have shown evidence of asbestosis and
NMRD as a cause of death. Pulmonary function is decreased by DPT and pleural plaques. Because a
change in the distribution of pulmonary function in an exposed population causes a significant increase
in the proportion of people with a significant level of pulmonary impairment below a clinically adverse
level, pulmonary deficits are considered to be harmful for an asbestos-exposed populations (U.S. EPA,
2020c).

As described in the IRIS LAA Assessment (U.S. EPA, 2014c) the LAA epidemiologic database contains
research conducted in workplace settings as well as community-based investigations of workers, their
families, and other members of the general public. Occupational cohorts have included employees
exposed to LAA at the vermiculite mine and mill at the Zonolite Mountain facilities in Libby, Montana,
and at the manufacturing facility using the vermiculite ore in Marysville, Ohio. Additionally,
community-based studies have been carried out among residents in Libby, Montana as well as in the
vicinity of a Minneapolis, Minnesota industrial facility that produced vermiculite insulation. These
studies have looked at mortality due to cancer and non-cancer, effects on the lungs seen by x-ray exams,
pulmonary function testing, or respiratory symptoms, autoimmune illnesses, and the prevalence of
autoantibodies (U.S. EPA, 2014c).

Respiratory Effects

Several studies discussed mortality data for non-cancer respiratory diseases that had previously been
reported. Nonmalignant respiratory disease is a broad classification (International Classification of
Diseases [ICD]-9 codes 460-519) that encompasses asbestosis (ICD-9 code 501), several types of
pneumoconiosis, chronic obstructive pulmonary disease, asthma, pneumonia, and respiratory infections.
Comparing asbestosis to nonmalignant respiratory disease, the narrower the category, one would
anticipate more effect specificity of asbestos-related symptoms. Libby, Montana vermiculite mining and
milling worker cohorts' first research were based on a relatively modest number of nonmalignant
respiratory-related deaths (25); later studies saw more than 50 deaths in this category. However, a
pattern of increasing risk with increasing cumulative exposure is evident, with more than a 10-fold
increased risk of death from asbestosis and a 1.5- to 3-fold increased risk of nonmalignant respiratory
disease in the analyses using an internal referent group (Larson et al., 2010; Sullivan, 2007; McDonald
et al., 2004). The analytic strategy (e.g., use of a lag period to exclude exposures that occurred after the
onset of disease or use of a latency period to exclude cases that occurred before the effect of exposure
would be expected to manifest) and the cut-points for exposure categories varied among the studies
(U.S. EPA, 2014c).

According to the geographic-based research conducted by the ATSDR, the risk of developing asbestosis
increased as well, with SMRs of about 40 based on Montana rates and 65 based on U.S. comparator
rates (ATSDR, 2000). Since there was only one asbestosis-related death in the Marysville, Ohio worker
cohort, it is difficult to estimate the risk (Dunning et al., 2012). Asbestosis is the interstitial pneumonitis
(inflammation of lung tissue) and fibrosis caused by inhalation of asbestos fibers. It is characterized by a
diffuse increase in collagen in the alveolar walls (fibrosis) and the presence of asbestos fibers, either free
or coated with a proteinaceous material and iron (asbestos bodies), which are the main symptoms of
asbestosis. Following lung damage, a series of processes that include inflammatory cell migration,
edema, cellular proliferation, and collagen accumulation lead to fibrosis. Asbestosis is linked to dyspnea
(shortness of breath), bibasilar rales, and alterations in pulmonary function, including a restrictive
pattern, a mixed restrictive-obstructive pattern, and/or a reduced diffusing capacity. In clinical practice,
tiny lung opacities on radiographic examination are the most typical signs of fibrotic scarring of lung
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tissue consistent with mineral dust and mineral fiber toxicity. Scarring of the lung's parenchymal tissue
causes changes in pulmonary function, such as restrictive pulmonary deficits brought on by the lung's
increased stiffness (reduced elasticity), impaired gas exchange brought on in part by thickening of the
alveolar wall, and occasionally mild obstructive deficits brought on by asbestos-induced airways disease
(U.S. EPA, 2014c).

The two main biological abnormalities that make up pleural thickening brought on by mineral fiber
exposure are localized pleural plaques in the parietal (outer) pleura and widespread pleural thickening of
the visceral (inner) pleura. Pleural and parenchymal abnormalities (pathological, structural
modifications) which can be found by radiography or other methods of imaging, can serve as evidence
of the risk of respiratory disease. The International Labour Organization (ILO) of the United Nations
developed these criteria to standardize descriptions of effects and to increase inter-rater agreement and
accuracy for interpreting chest radiographs in pneumoconiosis. Standard radiographs can detect both of
these types of pleural thickening; however, smaller/thinner plaques and thinner diffuse thickening could
not be seen, especially if they are not calcified or hidden by other typical chest structures. High
resolution computed tomography is a radiographic technique that is more sensitive and specific than
conventional chest x-rays; for example, it can detect pleural abnormalities that are not visible on
conventional x-rays and more reliably exclude fat tissue that can occasionally be mistaken for pleural
thickening on conventional x-rays (U.S. EPA, 2014c).

Cardiovascular and Immunologic Effects

Research on non-cancer health impacts happening beyond the pleura and respiratory system is more
limited. Studies examining effects in workers from the Libby, MT considered cardiovascular disease and
related mortality. As described in Section 4.1.3.1 of the IRIS LAA Assessment, weak associations were
identified; however, the observed associations may be influence by smoking patterns and/or underlying
respiratory disease that may have preceded cardiovascular effects. Other research looked at the
relationship between asbestos exposure and immunological indicators including autoantibodies and
autoimmune diseases. Evidence is more thoroughly described in Section 4.1.3.2 of the IRIS LAA
Assessment, which includes discussion of three community-based cohort studies. Across these studies,
the data indicates some perturbation in immune function, but it is challenging to draw conclusions about
the role of asbestos in autoimmune illness due to limitations in the quantity, breadth, and design
methodology of these studies. Studies on chronic inflammation after asbestos inhalation exposure have
been conducted for many years in both people and animals. As is the case with cardiovascular diseases
that may be associated with asbestos exposure, it is likely that the respiratory effects observed precede
altered immunologic activity (U.S. EPA, 2014c).

For Part 2, EPA employed a systematic review approach to identify the relevant epidemiologic evidence
and to determine if new information is available that would extend or substantively alter the well-
established existing conclusions on asbestos exposure and human health. The systematic review
approach is described in the Draft Systematic Review Protocol Supporting TSCA Risk Evaluations for
Chemical Substances (U.S. EPA, 2021). EPA reviewed the epidemiologic data examining human health
hazards and determined the most informative hazard studies to be those that included data and employed
methodologies informing a dose-response relationship. Studies that are useful for dose response are
generally based on historical occupational cohorts with the longest follow-up for each cohort or the most
pertinent exposure-response data when a cohort has been the subject of more than one publication.
Consideration of studies that could inform a dose-response relationship were not limited by exposure
route. Inhalation and ingestion are the main exposure pathways of concern. Dermal contact is not
regarded as a primary exposure route because fibers are inert and therefore do not penetrate through the
skin. Dermal exposures were recognized as a potential exposure route in the SR process, but no dermal
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studies were identified in the process. Although studies of oral exposure were identified and considered,
these studies were not considered informative for dose-response analysis in the context of existing
assessments and the robust data available for inhalation exposures.

Exposure via the oral route was evaluated in the 2012 IARC Monograph. This report acknowledges that
several individual studies show a positive association between ingestion of asbestos via drinking water
and stomach and colorectal cancer across several different communities; however, there are studies that
did not find an association. The Monograph describes two systematic reviews that reached an overall
conclusion that information was insufficient to assess the risk of cancer (stomach and colorectal) from
asbestos in drinking water or there was no clear pattern of association between asbestos in drinking
water and stomach cancer (stomach and colorectal) (IARC, 2012a).

Through the systematic review process, EPA identified nine oral studies. Three of these studies were
considered in the IARC Monograph. Two studies conducted by Polissar et al. (Polissar et al., 1984,
1983) were not included in the IARC Monograph, but they were similar to the 1982 study by Polissar
et.al, which was included in the IARC report and identified in our systematic review. These
epidemiologic studies conducted in western Washington state found inconclusive evidence or evidence
due to chance for the association between asbestos in drinking water and gastrointestinal tract,
esophagus, stomach, and pancreatic cancers as well as esophagus, stomach, digestive-related organs, and
pancreatic malignancies (Polissar et al., 1984, 1983; Polissar et al., 1982). Three other studies by Haque
et al., (Haque et al., 1998; Haqgue et al., 1996; Haque and Kanz, 1988) investigated the effects of
asbestos fibers on several maternal and fetal medical, demographic, and environmental factors, as well
as the asbestos loads in stillborn infants from transplacental transfer or ingestion or inhalation of
contaminated amniotic fluid following premature rupture of membranes. Ultimately, these studies found
detectable amounts of fibers in placenta and fetal tissues of stillborn babies compared to controls (live-
born placenta). However, the presence of asbestos fibers was not linked to premature membrane rupture.
Asbestos fibers were found throughout the whole gestation period and did not correlate with gestational
age. The lack of a maternal history of work involving asbestos raises the possibility that the fibers were
ingested from ambient exposure (Haque et al., 1998; Haque et al., 1996).

Inhalation is the critical route of exposure as the respiratory tract is the most sensitive to asbestos fibers
when compared to dermal and oral exposures, and an IUR value and a POD based on epidemiologic
studies are available. Quantitative dose-response analysis was not conducted for oral and dermal routes
of exposure based on the limited information available for these exposures. In addition, respiratory
effects are the most sensitive and early effects observed across the database of information.

5.2.1 Dose-Response Considerations: Cancer

In keeping with the various occupational epidemiological study designs which were discussed in
previous risk assessments, EPA is using dose-response and exposure-response relationship
interchangeable because it describes the amount of exposure/dose a person is exposed to. Through the
systematic review process and fit-for-purpose filtering that was employed (U.S. EPA, 2021), 16 cohorts
were identified for consideration in assessing dose response of cancer outcome related to asbestos
inhalation exposures. Most of these cohorts were identified and considered in previous assessments,
including the 1988 IRIS Asbestos Assessment, the 2014 IRIS LAA Assessment, and the 2020 Part 1 of
the Risk Evaluation for Asbestos. Only one cohort was identified that was not previously considered in a
prior EPA assessment—and as a community-based cohort (Wittenoom, Australia, Residents Cohort),
rather than an occupational cohort—this study was unique. In the consideration of these cohorts in the
previous assessments, with the exception of the Wittenoom Cohort, IURs were developed for use in risk
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assessment. Each of these IURs is described in the White Paper (U.S. EPA, 20230) and summarized
here.

1988 IRIS Ashestos Assessment

The IRIS Asbestos Assessment, released in 1988 (U.S. EPA, 1988Db), utilizes the Airborne Asbestos
Health Assessment Update from 1986 (U.S. EPA, 1986a). The latter was developed as the scientific
foundation to support EPA’s review and revision of the designation of asbestos as a hazardous air
pollutant under the 1973 National Emission Standards for Hazardous Air Pollutants (NESHAP) under
the 1977 Clean Air Act Amendments (U.S. EPA, 1986a). The original designation of asbestos was based
upon a qualitative review of the evidence prior to 1972 establishing associations between exposure and
carcinogenicity. The objectives of the Airborne Asbestos Health Assessment Update (U.S. EPA, 1986a)
were to identify any new asbestos-related health effects from studies published after 1972, examine the
dose-response relationship, and establish unit risk values for asbestos, if warranted.

The assessment included occupational studies with exposures to any of the principal commercial
varieties of asbestos fibers (i.e., amosite, anthophyllite, crocidolite, and chrysotile). A total of 14
occupational studies provided data for a dose-response assessment, however only 6 of those studies were
considered because of the robustness of the data and the OQD rating of medium or high (Appendix I).
The data for a best estimate of increased risk of lung cancer per unit exposure are provided across a
range of occupational activities. Studies of mining and milling were excluded due to a substantial
difference in risk observed and the notion that exposure assessment in these operations is significantly
more challenging due to a wide array of fibers being present. Factories have a more limited set of
sources of dust and fibers, making fiber counts more straightforward and less likely to be impacted by
the presence of other fibers. In deriving the overall slope factor for lung cancer (KL), the geometric mean
was calculated from the 14 epidemiologic studies, representing exposures to a mix of fibers from
chrysotile, amosite, and crocidolite.

A cancer slope factor for mesothelioma (Kwm) was derived using information from the same 14 studies.
Four of these studies examined mortality resulting from mesothelioma. Estimates of mesothelioma in the
other ten studies were developed by determining the ratio of lung cancer to mesothelioma in the four
studies examining both, and then applying an adjustment to lung cancer rates in the ten studies that did
not examine mesothelioma. In addition, there was consideration of uncertainty resulting from exposure
to crocidolite which was postulated to be more potent; however, examination of potency revealed that
the impact of this uncertainty was minimal. Overall, there were no outliers in slope factors dervied for
each study, so the geometric mean was used to calculate the slope factor for mesothelioma(U.S. EPA
1988b).

The cancer slope factors for lung cancer and mesothelioma were separately derived and then statistically
combined. Subsequently, a life table analysis was conducted using the K. and Kwm to represent the
epidemiologic data, a relative risk model for lung cancer, and an absolute risk model for mesothelioma
with linear low dose extrapolation to arrive at an IUR of 0.23 per fiber/cc. An important observation
from this assessment is that risk from lung cancer increases with time since first exposure and death
from mesothelioma increased decades after onset of exposure. Limitations of the analysis in this
assessment include (1) variability in the exposure-response relationship at high exposure; (2) uncertainty
in extrapolating to much lower exposures (i.e., background exposures that can be 1/100th the levels seen
in occupational settings); and (3) uncertainties in converting between detection methods (e.g., optical
fiber counts, mass determination) (U.S. EPA, 1988b).
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2014 IRIS Libby Amphibole Asbestos Assessment

The IRIS LAA Assessment, released in 2014, included a detailed toxicological review that provides the
scientific foundation to support the risk and dose-response assessment of chronic inhalation exposure
specific to LAA in the Rainy Creek complex and from the vermiculite mine near Libby, Montana (U.S.
EPA, 2014c). The LAA Assessment evaluated the possible risks associated with exposure to LAA,
including those related to cancer and non-cancer health effects, and presents risk values for use in risk
assessments, including an RfC for non-cancer health effects (summarized below in Section 5.2.2 and an
IUR to address cancer risk. The LAA Assessment considered several occupational and community-
based cohorts for dose-response assessment (see Figure 4-1 in the LAA Assessment); however, for
cancer dose-response, the Libby, Montana, Vermiculite Milling and Mining Cohort examining workers
participating in mining and milling activities at the mine in Libby, Montana, and a plant in Marysville,
Ohio, as being most relevant for dose-response consideration.

This cohort was determined to have the most robust data for dose-response assessment for numerous
reasons, including the use of individual level exposure data based on impinger and PCM measurements,
complete demographic data, and vital status with extended follow-up through 2006 (approximately 30
years of follow-up). For mesothelioma mortality in this data set, Poisson modeling was conducted to fit
mortality data and exposure data with a range of exposure metrics. The best model was based upon a
subcohort with employment beginning in 1959 and a cumulative exposure metric with a 5-year half-life
and a 10-year lag time. The central estimate for Km was 3.11x10~* per fibers/cc. Following selection of
the Kw, a lifetable procedure was applied to the U.S. general population using age-specific mortality
statistics to estimate the exposure levels that would be expected to result in a 1 percent increase in
absolute risk of mesothelioma over a lifetime of continuous exposure. Linear low-dose extrapolation
was used to find an effective concentration corresponding to the central tendency, which was estimated
to be 0.032 per fiber/cc and 0.074 per fiber/cc when adjusted to account for under-ascertainment of
mesothelioma.

Lung cancer unit risk values were also calculated separately and based on a subcohort of the Libby,
Montana, workers hired after 1959. Multivariate extended Cox models were run with a range of
exposure metrics, and the best fit was based on cumulative exposure with a 10-year half-life and a 10-
year lag. The resulting KL from this model was 0.0126 per fiber/cc-yr. As was done for the
mesothelioma cancer slope factor, a life-table analysis was applied to the KL to determine an exposure
level of ashestos expected to result in a 1 percent increase in relative cancer risks when taking into
account age-specific background risk. The corresponding effective concentration relating to the central
tendency was 0.0399 per fiber/cc for a lifetime continuous exposure with an upper bound unit risk of
0.0679 per fiber/cc.

The statistical derivation of a combined upper bound unit risk value accounted for overprediction
resulting from combining individual upper bound estimates. The upper bound combined risk from the
best fitting models applied to individual-level data from the Libby, Montana, workers was 0.17 per
fiber/cc. The 2014 IRIS LAA Assessment notes some limitations, including the difficulty in controlling
for smoking as a confounder, the potential for under-ascertainment of mesothelioma, and uncertainties
in the exposure measurements in the facility.

Part 1 Risk Evaluation for Asbestos

The most recent asbestos IUR was developed as part of the Risk Evaluation for Asbestos Part 1:
Chrysotile Asbestos (U.S. EPA, 2020c). An IUR of 0.16 per fiber/cc was derived based upon thorough
consideration and analysis of data from epidemiological studies on mesothelioma and lung cancer in
cohorts of workers using chrysotile asbestos. Data from several cohorts was available for dose-response
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modeling following a systematic approach to literature identification and evaluation. Ultimately, data
from cohorts of workers in textile plants in North and South Carolina were selected for IUR derivation.

For the NC cohort, individual-level exposure-response data was available for lung cancer in Loomis et
al. (2009) and Elliott et al. (2012) as well as mesothelioma in Loomis et al. (2019). For these studies, the
Part 1 Risk Evaluation presents cancer potency values based on Poisson regressions of the individual-
level data using both logistical and additive relative rate model forms with adjustment for age, sex, race,
calendar period, and birth cohort (see Table 3-4 in (U.S. EPA, 2020c)). For the SC cohort, individual-
level data was available for lung cancer in Hein et al. (2007) and (Elliott et al., 2012) as well as for
mesothelioma from Berman and Crump (2008). Lung cancer potency values for these studies were
based on Poisson regression models using a linear relative rate model form with adjustment for sex,
race, and age. Mesothelioma cancer potency values were reported in Berman and Crump (2008) based
on analyses of the original cohort data using the Peto model (see Table 3-3 in (U.S. EPA, 2020c)).

The 2014 LAA Assessment and Part 1 describes uncertainty related to under-ascertainment of
mesothelioma as an International Classification of Diseases (ICD) code specific to mesothelioma that
was not available prior to 1999. An adjustment factor was applied to the IUR to account for this under-
ascertainment in the same way the Libby IUR was adjusted. Additionally, the IUR was adjusted to
account for cancer risk from other cancer endpoints beyond lung cancer and mesothelioma. As
explained in Section 3.2.3.8.1 of Part 1 (U.S. EPA, 2020c), IARC concluded that exposure to asbestos is
causally related to lung cancer and mesothelioma as well as laryngeal and ovarian cancer (U.S. EPA
2020c; Straif et al., 2009). Data was not available to derive potency factors for laryngeal and ovarian
cancer, so an adjustment factor was developed to account for potential underestimation of cancer risk
when only considering data for lung cancer and mesothelioma.

For each modeling result from the NC and SC data sets (U.S. EPA, 2020c), the unit risks were
calculated separately for lung cancer and mesothelioma. Lung cancer unit risks were adjusted to account
for other cancers and mesothelioma unit risks were adjusted to account for under-ascertainment. The
unit risks were then statistically combined for central unit risk and upper bound risk. Of the available
IURs from modeling results, the median IUR was ultimately selected because there was low model
uncertainty (see Table 3-12 in (U.S. EPA, 2020c)). The median lifetime cancer incidence IUR was 0.16
per fiber/cc based upon a linear model of the data from the NC textile workers cohort (Elliott et al.
2012).

Part 1 notes a few important uncertainties in the 0.16 per fiber/cc IUR (see Section 4.3.5in (U.S. EPA
2020c)). First, PCM measurements were used despite TEM being a more precise analytical technique.
However, it was determined that when TEM and PCM were available in the same data set, TEM and
PCM model results were similar. Thus, this uncertainty was considered to be low for the NC textile
worker cohort. Another source of uncertainty in exposure measurements is the use of impinger sampling
data for early asbestos exposures. Prior to 1965,the majority of the data on asbestos workers’ exposures
came from total dust concentrations determined with a midget impinger, which were frequently
employed as area samplers in place of personal samplers In general, there were weak associations
between fiber concentrations and midget impinger particle counts determined with bright field
microscopy (U.S. EPA, 1986a). The most robust approach to account for this is to use paired and
concurrent sampling data to derive a conversation factor, and this was performed in the analysis of the
NC and SC textile cohorts resulting in low uncertainty. When considering uncertainties related to
outcome data, use of mortality data rather than incidence, which was not available, was of concern. To
account for this, background rates of lung cancer incidence were used in lifetable analyses. However,
this was not possible for mesothelioma. While this remains a bias, it is noteworthy that median survival
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for mesothelioma is less than 1 year. Finally, confounding must be considered with regard to
uncertainties. Smoking is considered a strong confounder for lung cancer related to asbestos exposure,
but in the NC and SC cohorts, confounding was deemed to be low because regression models accounted
for birth cohort that would reflect changes in smoking rates over time. Additionally, it is likely that
smoking rates among workers were similar across facilities and occupations. Smoking is not a
confounder for mesothelioma.

5.2.1.1 Inhalation Unit Risk for Part 2
All three of the EPA’s currently available IURs (0.23 per fiber/cc, 0.17 per fiber/cc and 0.16 per
fiber/cc) are numerically very similar, despite decades of epidemiologic research conducted in a variety
of occupational settings, using a variety of exposure measurement techniques and exposure assignment
approaches, and based on a wide range of dose response modeling with the application of adjustment
factors. Sensitivity analyses were conducted on IURs of 0.23 per fiber/cc and 0.2 per fiber/cc, and
observed risk were not different regardless of values use (Appendix K).

The IUR of 0.16 per fiber/cc presented in Part 1 of the Risk Evaluation for Asbestos (U.S. EPA, 2020c)
benefits from the most recent data available and generally, the longest follow-up periods. Advanced
exposure measurement methods are reflected in the underlying data resulting in exposure estimates that
are of high confidence. Furthermore, longer follow-up times increase the statistical power of the study as
more mortality is observed. Other notable strengths include accounting for laryngeal and ovarian
cancers, which are causally associated with asbestos exposure, and accounting for under-ascertainment
of mesothelioma.

The IUR of 0.17 per fiber/cc presented in the IRIS LAA Assessment (U.S. EPA, 2014c) has similar
strengths and limitations as the chrysotile IUR. Robust analyses were conducted based on

very detailed individual-level exposure measurements and outcome data for lung cancer and
mesothelioma as the cohort was established from one operation, the mine in Libby, Montana. There
were not sufficient data on laryngeal or ovarian cancers in this cohort for quantitative consideration, but
under-ascertainment of mesothelioma was accounted for. The data used in the analysis was
comprehensive and yielded quantitative analyses of high confidence.

The earliest IUR of 0.23 per fiber/cc presented in the IRIS Asbestos Assessment (U.S. EPA, 1988b) was
developed to describe risks related to all asbestos fiber types. Development of this IUR was based on
historically robust data at a time when standard fiber measurement methods had not yet been established
and reporting and publication standards were highly variable. A major strength of this IUR is that it
represents exposures to a range of fiber types and is most appropriately applied to describe risks related
to mixed-fiber exposures, which is pertinent to exposure scenarios in Part 2 of the Risk Evaluation for
Asbestos. The authors of the report acknowledged this objective when they described the use of data
from all cohorts and not isolating data from the cohort with the most detailed exposure assessment that
may have been specific to only a single fiber.

An IUR of 0.2 per fiber/cc is a representative value that reflects the strength and uncertainties of each
individual ITUR. When considering standard practice of reporting IURs with precision to one significant
digit, each of the existing IURs would round to 0.2 per fiber/cc. Selecting an IUR of 0.2 is well-
supported and takes into account a broad range of applicable information. This value reflects exposures
in a variety of settings and levels, an array of asbestos fibers, and relevant cancer outcomes. Exposure
scenarios described herein do not pertain to specific fiber types (e.g., chrysotile and LAA). Specifically,
for asbestos-containing building materials, exposure to mixed fiber types is expected.
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The use of an IUR of 0.2 per fiber/cc takes into account the existing IUR's developed by the EPA since
1988 as well as the newer body of evidence, that produce a numerically similar IUR 0.17 per fiber/cc
and 0.16 per fiber/cc. Exposure sensitivity analysis did not show any increased or decreased risk from
using an IUR of 0.2 per fiber/cc vs. 0.23 per fiber/cc, 0.17 per fiber/cc and 0.16 per fiber/cc (Appendix
K).

5.2.1.2 Uncertainties

Inherent strengths and uncertainties pertain to each IUR, and all were developed for a distinct purpose
and application. The IUR of 0.16 per fiber/cc (U.S. EPA, 2020c) was strictly limited to exposures to
chrysotile asbestos and is therefore most appropriately applied in cases where exposures are chrysotile-
specific.

As described in Section 5.2, the comprehensiveness of the data for the IRIS LAA Assessment IUR of
0.17 per fiber/cc (U.S. EPA, 2014c) yielded quantitative analyses of high confidence. However, this IUR
is based on data specific to scenarios of exposure to only LAA, and therefore, is most appropriately
applied in risk estimates based on Libby-specific exposures.

Although development of the IUR of 0.23 per fiber/cc (U.S. EPA, 1988b) was robust, additional
uncertainty exists in the exposure measurement provided in the published studies. It is important to note
that EPA technical experts were diligent in advancing their understanding and use of data beyond what
was available in original publications to reduce uncertainties, as reflected in the 1988 Asbestos
Assessment, and related publications.

Part 1 notes a few important uncertainties in the IUR (see Section 4.3.5 in (U.S. EPA, 2020c)). First,
PCM measurements were used despite TEM being a more precise analytical technique. However, it was
determined that when TEM and PCM were available in the same data set, TEM and PCM model results
were similar. Thus, this uncertainty was considered to be low for the NC textile worker cohort. Another
source of uncertainty in exposure measurements is the use of impinger sampling data for early asbestos
exposures. The most robust approach to account for this is to use paired and concurrent sampling data to
derive a conversation factor, and this was performed in the analysis of the NC and SC textile cohorts
resulting in low uncertainty. When considering uncertainties related to outcome data, use of mortality
data rather than incidence, which was not available, was of concern. To account for this, background
rates of lung cancer incidence were used in lifetable analyses. However, this was not possible for
mesothelioma. While this remains a bias, it is noteworthy that median survival for mesothelioma is less
than 1 year. Finally, confounding must be considered with regard to uncertainties. Smoking is
considered a strong confounder for lung cancer related to asbestos exposure, but in the NC and SC
cohorts, confounding was deemed to be low because regression models accounted for birth cohort that
would reflect changes in smoking rates over time. Additionally, it is likely that smoking rates among
workers were similar across facilities and occupations. Smoking is not a confounder for mesothelioma.

In Part 1 of the Risk Evaluation, this IUR was applied for all chrysotile asbestos exposure scenarios,
with less-than-lifetime adjustments applied where appropriate for less-than-lifetime exposures. Risk
determinations were based, in part, on quantitative risk characterization computer with this IUR. Risk
management rulemaking that is currently underway will address the unreasonable risk identified in Part
1 of the Risk Evaluation for Asbestos (U.S. EPA, 2020).

5.2.2 Dose-Response Considerations: Non-cancer

Application of the systematic review approach described in White Paper (U.S. EPA, 20230) and
Protocol (U.S. EPA, 2021) resulted in the identification of seven cohorts for consideration in assessing
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dose response of non-cancer outcomes related to asbestos exposures. All of the cohorts identified
examined inhalation exposures. Epidemiologic studies examining oral or dermal exposures with dose-
response information were not identified by the systematic review approach. The outcomes assessed in
the identified cohorts included non-cancer mortality (including asbestosis and pneumoconiosis), pleural
changes/thickening, and lung function changes. Some of these cohorts were identified and considered in
the IRIS LAA Assessment (U.S. EPA, 2014a), which is the only EPA assessment that has quantitatively
considered non-cancer effects to date.

In evaluating all of the cohorts with dose-response information to determine which provides the most
robust and relevant data for dose-response analysis (see Appendix C of the White Paper) an

occupational cohort from the O.M. Scott plant in Marysville, OH described by Lockey et al. (1984) and
followed up by Rohs et al. (2008) was selected. This cohort was selected for multiple reasons: (1)
absence of confounding from community and residential exposure; (2) availability of data on significant
covariates (e.g., BMI); (3) exposure-response relationship defined for lower cumulative exposure levels
(especially for workers hired in 1972 or later and evaluated in 2002-2005); (4) over 50 years of follow-
up; (5) use of more recent criteria for evaluating radiographs (ILO, 2002); (6) availability of high-quality
exposure estimates based on numerous industrial hygiene samples and work records; and (7) availability
of data on time since first exposure (TSFE) matched to the exposure data (U.S. EPA, 2014a). This
cohort also has reliable individual-level measurements of asbestos exposures and detection of pleural
thickening, an early adverse effect. The other six cohorts OPPT identified, which were not within the
scope of the IRIS LAA Assessment, were less suitable for non-cancer dose-response assessment because
the outcomes examined were less sensitive (i.e., mortality-related outcomes) and/or because there was
greater uncertainty in the exposure data (e.g., community-based measurements rather than personal
sampling). Generally, for dose-response assessment, preference is given to studies examining the most
sensitive outcome(s), so although mortality can be used in the assessment, it is less sensitive than a well-
described outcome preceding mortality from a disease state. Appendix C in the White Paper (U.S. EPA
20230) provides more details on the dose-response considerations for each cohort.

The O.M. Scott Marysville, Ohio, Plant Cohort included a total of 512 workers in the 1980 investigation
of pulmonary effects in Ohio plant workers (Lockey et al., 1984). Workers were drawn from a variety of
departments/facilities, including production and packaging of commercial products, maintenance,
research, the front office, and the polyform plant. The initial study of this cohort utilized air sample
measurements collected in 1972 to assign cumulative worker exposures based on individual job
histories. Outcomes were assessed by radiologist readings of chest x-ray films and spirometry for lung
function measures. A follow-up of this cohort was conducted nearly 25 years later, providing more
robust exposure-response analyses (Rohs et al., 2008).

In this follow-up analysis (Rohs et al., 2008), the cohort was limited to men hired after 1972 as there
was more certainty in the exposure estimates; post-1972 measurements were taken by industrial
hygienists who followed employees during the course of their work with sampling devices. Sampling
data were also collected within personal breathing zones beginning in 1977. Detailed employee records
were used to construct exposure histories and estimate cumulative asbestos exposures for each
individual. Health outcomes were assessed in 1980 and between 2002 and 2005; however, the use of
different protocols was considered an uncertainty and the later film readings were deemed more reliable.
In addition, the later radiographic films extended the follow-up time by roughly 25 years, which is
important given the latency of effects. These considerations resulted in a sub-cohort of 119 men for
which robust exposure and outcome data were available for dose-response modeling. With the data from
the sub-cohort, a range of dose-response model forms were evaluated, but the most suitable model
fitting results were obtained using the Dichotomous Hill model using the mean exposure and pleural
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thickening. Time since first exposure (TSFE) has been demonstrated to be an important predictor of
effect, data from the broader cohort (including those hired prior to 1972) was used to develop a fixed
regression coefficient that was included in the model. In the modeling, a benchmark response (BMR) of
10 percent was used based on considerations of adversity for LPT. The benchmark concentration is the
level of exposure expected to result in the excess risk defined by the BMR. More specific details and
results of model-fitting are presented in Section 5.2.2.6.1 in the IRIS LAA Assessment (U.S. EPA
2014c). A POD based on a 10 percent BMR for LPT was calculated to be 2.6x1072 fiber/cc.

The IRIS program noted important uncertainties related to the underlying evidence base for this POD
and applied UFs to account for intraspecies variability (UFn of 10), database uncertainty (UFp of 3), and
data-informed subchronic-to-chronic uncertainty (UFs of 10) in the 2014 LAA Assessment (U.S. EPA
2014c).

e Regarding the UFy, the occupational cohort included individuals healthy enough to work, and
when taking into account human variability, it is plausible that there are more sensitive
individuals in the population. This uncertainty remains at this time; thus, UFy of 10 continues to
be applied.

e Regarding the UFp of 3, applied in the IRIS LAA Assessment because of the limited number of
cohort studies evaluating the most sensitive non-cancer effects of chronic asbestos exposure, the
Agency has reevaluated the appropriateness of UFp of 3 in light of the systematic review. As
described in Section 4, no new cohort studies have been published that would inform the dose
response relationship for hazards beyond pleural effects and asbestosis for the non-cancer POD.
Therefore, the Agency will continue to apply a UFp of 3.

e Regarding the UFs, it was anticipated that if the cohort had been followed for longer, even more
cases of LPT would have been identified. The cohort used to derive the 2014 IRIS RfC, O.M.
Scott Marysville, Ohio, was followed for approximately 30 years. The IRIS LAA Assessment
determined that it was appropriate to apply a UFs because even 30 years of observation is
insufficient to describe lifetime risk of LPT, which continues to increase over a person’s lifetime
(see page 5-42 of the IRIS LAA Assessment for further rationale for applying the UFs (U.S.
EPA, 2014a)). The IRIS LAA Assessment, therefore, derived a data informed UFs of 10 based
on the fact that “the central estimate of the risk at TSFE = 70 years is ~10-fold greater than the
central estimate of the risk at TSFE = 28 years (from 6 to 61%)” (see page 5-43 of the IRIS LAA
Assessment for further details (U.S. EPA, 2014a). TSFE in the model was set at 28 years due to
limitations in the statistical uncertainty.

5.2.2.1 Point of Departure for Part 2
In thoroughly reviewing the reasonably available information and the LAA POD from the IRIS
assessment, using the POD in Part 2 of the Risk Evaluation is a reliable approach to quantitatively
consider non-cancer risks from asbestos exposures. While there is some uncertainty in application of a
Libby-specific POD for exposures to a broader range of asbestos fibers, the uncertainty of using other
studies for quantitative assessment would be even greater given the limited exposure characterization for
those cohorts (see Appendix M in this document and Appendix C of the White Paper). For example, for
the SC Vermiculite Miners Cohort, non-cancer outcomes were only categorically analyzed as exposed
and unexposed. In addition, details of the exposure assessment are insufficient for dose-response
assessment, and there is a lack of information on TSFE. The Anatolia, Turkey, Villagers Cohort
constructed individual-level exposure estimates, but these were based on broad assumptions of time
spent indoors, outdoors, and sleeping. The other cohorts available for dose-response assessment
similarly had exposures to a single fiber type and examined mortality as the outcome, which would not
be representative of the more sensitive effects known to result from asbestos exposures.
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Based on the comprehensive approach to identify and evaluate the relevant epidemiologic literature for
dose-response assessment of non-cancer effects resulting from asbestos exposures, use of the POD
presented in the IRIS LAA Assessment is appropriate. In the IRIS LAA Assessment, LPT was selected
as the critical non-cancer effect for POD selection with a BMR of 10 percent extra risk. LPT, as
indicated by the presence of pleural plaques is the most effective endpoint to select because it is the
outcome that generally appears at lower doses after asbestos inhalation exposure. Reduced lung function
is typically linked to LPT, which is an irreversible structural and pathological modification of the pleura.
Using a non-lethal POD, like LPT, instead of asbestosis or mortality means that if the EPA could
prevent people from developing LPT, this would mitigate them getting asbestosis and avoid mortality. In
summary, non-cancer risks will be calculated using the IRIS LAA POD of 2.6x1072. The uncertainty
factors presented in the IRIS LAA Assessment will be considered in establishing the benchmark MOE,
described in Section 5.3.

5.2.3 Mode of Action Considerations

EPA assessed potential modes of action (MOA) for asbestos based on existing literature, including
previous EPA IRIS Assessment (U.S. EPA, 2014c), EPA Asbestos Part 1 Risk Evaluation (U.S. EPA
2020c), and proposed mechanisms by IARC (2012a). It has been hypothesized that asbestos, may act
through multiple MOAs with adverse health effects resulting from the collective interaction of various
toxicity determinants. Additionally, physical, and chemical characteristics of fibers such as dimensions,
chemical composition, surface characteristics, and biopersistence appear to can influence their
pathogenic potential. Although the precise MOA of asbestos induced malignant and non-malignant
respiratory diseases remains unclear, numerous studies have proposed several direct and indirect
mechanisms to explain the biological activity of asbestos fibers (U.S. EPA, 2014c; IARC, 2012a;
ATSDR, 2001). Furthermore, both in vitro and in vivo studies have indicated that asbestos fiber
exposure could lead to sustained oxidative stress due to the generation of reactive oxygen species
through interactions with macrophages and the production of hydroxyl radicals from surface-bound iron
(U.S. EPA, 2020c, 2014c; IARC, 2012a). Persistent oxidative stress and chronic inflammation induced
by asbestos fibers have been linked to the aberrant activation of intracellular signaling pathways, which
may lead to increased cellular proliferation, impaired DNA damage repair, and oncogene activation
(U.S. EPA, 2014c; IARC, 2012a). Asbestos fibers have also been shown to induce direct genotoxicity
through interference with mitotic spindle leading to chromosome aberrations (IARC, 2012a). Overall,
existing evidence suggests that oxidative stress, chronic inflammation, and associated cell injury may
play pivotal roles in both cancerous and non-cancerous health effects following asbestos exposure.
However, the extent to which these and other biological alterations serve as key events in asbestos-
related pathogenicity has not yet been fully elucidated.

Overall MOA Conclusions

Although the evidence largely indicates an MOA involving long-term interplay between chronic
oxidative stress and persistent inflammation, the available data are insufficient to establish an MOA for
non-cancer or cancer health effects following asbestos exposure. Hence, the cancer unit risk for
inhalation exposure is calculated using a linear approach in accordance with the default recommendation
of the 2005 Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005).
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5.3 Human Health Risk Characterization

Asbestos — Human Health Risk Characterization (Section 5.3):
Key Points

EPA evaluated all reasonably available information to support human health risk characterization.
The following bullets summarize the key points of this section of the draft Part 2 risk evaluation:

Inhalation exposures drive risks to workers in occupational settings, and both lifetime cancer
ELCRs and non-cancer chronic MOEs are in the range of 1.8x107" to 1.5x1072 and, 0.16 to 1,424,
respectively.

The take-home exposure risk assessment lifetime cancer and non-cancer risk values, ELCR and
MOEs, are in the range of 4.8x107° to 3.7x10 74, and 11 to 840,437, respectively for most high-end
exposure activities, such as demolition/renovation, career firefighting, repair/removal of
machinery, handling of articles or formulations, and handling waste.

DIY activity-base exposures result in lifetime cancer and non-cancer risk values, ELCR and
MOEs, range of 8.4x107° to 2.3x1072, and 0.1 to 774,424, respectively.

The general population exposure assessment considers people living at certain distances from an
occupational asbestos release activity. Lifetime cancer risk values, ELCR, are in the range of
2.2x107* to 8.6x10*. Non-cancer chronic, MOE, risk estimates range from 12 to 2.7x10%%,

5.3.1 Risk Characterization Approach

The use scenarios, populations of interest and toxicological endpoints used for lifetime and chronic
exposures are presented in Table 5-1.
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3893  Table 5-20. Use Scenarios, Populations of Interest and Toxicological Endpoints Used for Acute and Chronic Exposures

Population of Interest and
Exposure Scenario

Workers
Chronic and Lifetime — Adolescent (>16 years old) and adult workers exposed to asbestos for the entire 8-hr workday for up to 250
days per year for 40 working years

Occupational non-users
Chronic and Lifetime — Adolescent (>16 years old) and adult workers exposed to asbestos for the entire 8-hr workday for up to 250
days per year for 40 working years

Take-Home Garment Handlers
Chronic and Lifetime — Adolescent (>16 years old) and adults exposed to ashestos during handling of clothing contaminated with
asbestos from occupational activities, for 40 working years

Consumers
Lifetime and Chronic — Adolescent (>16 years old) and adult DIYers exposed to asbestos fibers for a long period of time during an
activity

General Population
Lifetime and Chronic — All genders and age groups indoor environments exposed to ashestos fibers infiltrating from outside from
occupational exposure activities and disposal releases

Bystanders
Lifetime and Chronic — Individuals of all ages exposed to asbestos fibers through DIYers and take-home activities.

Health Effects, Concentration
and Time Duration

Non-cancer Hazard Value

POD: The POD derived from epidemiologic data represents a 24-hour value and exposure concentrations have been adjusted to match

the time duration for inhalation exposure.
2.6E—02 fiber/cc

Most sensitive and robust non-cancer health effects?

Chronic — Localized pleural thickening of pleura in humans based on epidemiologic data from an occupational cohort (see Section 5.2.1)
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Benchmark MOE = 300 for the most sensitive and robust endpoint
Benchmark MOE = (UFs) x (UF,)) x (UFp) ®=10 x 10 x 3

Equation 5-2. Equation to Calculate Non-cancer Risks

Non — cancer Hazard value (POD)
Human Exposure

MOE cpyonic =

Where:

MOE = margin of exposure (unitless)

Hazard value (POD) = POD (f/cc)

Human Exposure = Exposure estimate (f/cc) from occupational (see Appendix E), take-home (see Section 5.1.2), consumer (see
= E Section 5.1.3), and general population (see Section 5.1.40)

Risk Estimate Calculations N

Cancer Hazard Value
IUR: The inhalation unit risk value derived from epidemiologic data represents the upper-bound excess lifetime cancer risk estimated

to result from continuous exposure (per fiber/cc). For asbestos, the underlying epidemiologic data accounts for exposure to a range of
fibers and for cancers including mesothelioma, lung, laryngeal, and ovarian.

Equation 5-3. Equation to Calculate Lifetime Cancer Risk

ELCR = EPC X TWF X IUR 1, or Lifetime

Where:
ELCR = Excess Lifetime Cancer Risk, the risk of developing cancer as a consequence of the site-related exposure

EPC = Exposure Point Concentration, the concentration of asbestos fibers in air (f/cc) for the specific activity being assessed
IUR L7 or Lifetime = Inhalation Unit Risk per (f/cc) Less than Lifetime or Lifetime
TWF = Time Weighting Factor, this factor accounts for less-than-continuous exposure during a 1-year exposure

@ Exposures earlier in life result in greater risk, as time since first exposure is a strong predictor of effect.
b UFs = subchronic to chronic UF; UFy = intraspecies UF; UFp = database

3894
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Non-cancer risks from exposure in occupational settings are assessed by first calculating the MOE using
Equation 5-2, where human exposure is defined by the average daily concentration (ADC). The
calculated MOE is then compared to the benchmark MOE. If the numerical value of the MOE is less
than the benchmark MOE, this is a starting point to determine if there are unreasonable non-
cancer risks. Chronic cancer risks from exposure in occupational settings are assessed by calculating
the Excess Lifetime Cancer Risk (ELCR) using Equation 5-3, where the exposure point concentration is
equal to the 8-hour TWA concentration for the occupational use. The calculated ELCR is then compared
to the benchmark ELCR. If the calculated ELCR is greater than the benchmark ELCR, thisis a
starting point to determine if there are unreasonable cancer risks.

Inhalation non-cancer and lifetime-cancer risk estimates from take-home exposures are calculated using
yearly average concentrations summarize in Section 5.1.2 with the specific considerations of POD
(MOE) and IUR (ELCR) values. Consumer DIY inhalation non-cancer and lifetime-cancer risk
estimates are calculated using the scenario specific exposure point concentration and exposure duration
parameters described in Section 5.1.3.1 and using Equation 5-2 and Equation 5-3. Similarly, general
population inhalation non-cancer and lifetime-cancer risk estimates are calculated using releases of
asbestos to ambient air and unique scenario exposure durations summarized in Section 5.1.40 and using
Equation 5-2 and Equation 5-3 to obtain MOE and ELCR estimates.

5.3.2 Summary of Human Health Risk Characterization

5.3.2.1 Summary of Risk Estimates for Workers
This section presents a summary of occupational risk characterization for each occupational exposure
scenario (OES), and Table 5-21 summarizes the risk estimates for inhalation exposures for all OESs.
The crosswalk between OESs and COUs can be found in Table 3-1, and EPA expects that the data
within an OES are representative of all COU subcategories mapped to the OES. The occupational
exposure assessment is presented in Section 5.1.1, and all uncertainties and assumptions associated with
the occupational exposure assessment are described in Section 5.1.1.4.1. It is important to note that all
occupational inhalation exposures are based on monitoring data. With exception of two OES (i.e.,
handling of vermiculite-containing products and mining of non-asbestos commodities), all occupational
exposure estimations are quantitative analyses. The basis in the development of occupational exposure
scenarios for this risk evaluation is that friable asbestos are modified (e.g., removed, sanded, cut,
disturbed) to release fibers. An asbestos containing product that stays in place without any modification
done to it, is not expected to result in releases, and hence no human exposures and risks are expected.
Monitoring data was collected from OSHA’s Chemical Exposure Health Data (CEHD) database. This
data was mapped using SIC codes without specific information on worker activities. As a result, there is
some uncertainty in the mapping of OSHA CEHD data to similar exposure groups under each OES.

Current federal regulations mitigate asbestos exposure through actions such as exposure limits for
workers (OSHA), bans of certain asbestos materials or garments (CPSA and FHSA), and protections for
schools (AHERA). The mitigations utilized during area and personal sampling underlying the exposure
estimates for this assessment varied and were not always reported. Additionally, EPA recognizes that
guidelines may not always be followed due to lack of knowledge regarding asbestos identification,
removal, handling, and disposal, as well as personal choice. To account for these uncertainties, the
exposure scenarios in this risk evaluation did not assume compliance with existing federal regulations.
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Handling Asbestos-Containing Building Materials During Maintenance, Renovation, and Demolition
Activities

For chronic non-cancer inhalation exposures, high-end MOE values ranged from 1.3 to 12 and central
tendency MOE values ranged from 43 to 514. For chronic cancer inhalation exposures, high-end ELCR
values ranged from 2.0x107° to 1.9x107* and central tendency ELCR values ranged from 4.9x107" to
5.8x10°°.

There was a 2 orders of magnitude variation in the values of the central tendency and high-end risk
estimates for two of the three Similar Exposure Groups (SEGs) assessed in this OES. These differences
are explained below for each SEG:

e Higher Exposure-Potential Workers: There was a large amount of data for workers in this SEG
(847 monitoring data points). The central tendency exposure value for this group was 0.001 f/cc,
while the high-end value was 0.429 f/cc. Workers in this SEG included asbestos removal
workers, insulation workers, demolition workers, and maintenance personnel. A total of 467 data
points for this SEG were found in OSHA’s CEHD database, and 317 of these data points were
non-detects. For these samples, EPA estimated potential asbestos concentrations using the LOD
of 2,117.5 fibers/sample based on NIOSH Method 7400. The samples evaluated with this method
averaged concentrations around 0.001 f/cc for 8-hr TWAS. This large group of non-detects and
zero asbestos concentration samples resulted in a large deviation between the central tendency
and high-end results for this SEG.

e Lower Exposure-Potential Workers: There were only 31 monitoring datapoints included for the
workers in this SEG. The central tendency exposure value for this group was 0.001 f/cc, while
the high-end value was 0.219 f/cc. Similar to the SEG for Higher Exposure-Potential Workers, a
majority of the samples came from OSHA’s CEHD database. All 17 samples were non-detects.
For these samples, EPA again estimated potential asbestos concentrations using the LOD of
2,117.5 fibers/sample based on NIOSH Method 7400. The samples evaluated with this method
averaged concentrations around 0.001 f/cc for 8-hr TWASs. This large group of non-detects and
zero asbestos concentration samples resulted in a large deviation between the central tendency
and high-end results for this SEG.

e Occupational Non-users: There was a smaller variation in the exposure data for this SEG; the
central tendency exposure value for this group was 0.012 f/cc, while the high-end (maximum)
value was 0.05 f/cc. There were a total of 103 datapoints for this group, 100 of which came from
one source that only provided the arithmetic mean of the data. This lack of data resulted in a
small range between the central tendency and high-end exposure estimates.

It is important to note that worker responsibilities may vary on a daily basis, and a worker may be
involved with either higher exposure potential or lower exposure potential activities as needed by the
specific project. It is also pertinent to note that the large number of non-detect exposure values for
higher and lower exposure potential workers may have led to artificially reduced inhalation exposure
values of central tendency for workers. Because workers may shift responsibilities as needed, and
because of the large number of non-detect exposure values that may have led to reduced central
tendency estimates for workers, EPA assumes that risk to workers involved with demolition,
maintenance, and renovation of structures containing asbestos is most reflected by the high-end of the
higher exposure potential worker group.

Regarding ONU risk characterization, ONUs assessed for this OES had higher central tendency chronic
(non-cancer) inhalation exposures and ELCR values than worker estimates (ELCR values were 6.7x107°
for ONUs and 6.1x107® for workers). This is due to a lack of data sources for ONU inhalation
monitoring data. Exposure estimates for ONUs were based on a total of 103 data points, 100 of which
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came from a single source (Bailey et al., 1988) while another source provided the remaining 3 (Boelter
et al., 2016). The first source did not provide the raw data, but gave the mean for the data of 0.04 f/cc.
Boelter et al. provided samples of 0.0008, 0.017, and 0.046 f/cc. Because Bailey et al. (1988) only
provided the mean value of exposure data, it was not possible to determine an accurate value of central
tendency (i.e., 50th percentile) from the overall pool of data for the OES. However, based on the
available data for the OES described above, it can be confidently stated that the highest measured
concentration of asbestos was 0.046 f/cc from Boetler et al.(2016). The high-end data point was
captured using reliable monitoring methods and is also consistent with the data collected by Bailey et al.
(1988). Therefore, EPA assumes that risk to ONUs involved with demolition, maintenance, and
renovation of structures containing asbestos is most reflected by the high-end of the ONU exposure data.

Handling Asbestos-Containing Building Materials During Firefighting or Other Disaster Response
Activities

For chronic non-cancer inhalation exposures, high-end MOE values ranged from 25 to 74 and central
tendency MOE values ranged from 475 to 1424. For chronic cancer inhalation exposures, high-end
ELCR values ranged from 3.4x107° to 1.0x10° and central tendency ELCR values ranged from
1.8x1077t0 5.3x10°".

There was an order of magnitude difference in the values for the central tendency and high-end exposure
estimates for the workers assessed in this OES. There were 62 monitoring data points for the workers in
this OES. The central tendency exposure value for this group was 0.02 f/cc, while the high-end value
was 0.39 f/cc. Activities for the workers in this OES included truck and heavy equipment operation,
general labor, and cleanup after fires, earthquakes, and other disasters (including 9/11 cleanup). The
monitoring data collected for these activities varied, with datapoints for 9/11 debris and fire cleanup
having the highest asbestos concentrations of 0.54 and 0.4 f/cc respectively. The low value for the
central tendency exposure estimate was primarily a result of 24 non-detect datapoints, 22 of which were
taken from a study where workers were assisting in the cleanup effort from a fire (Lewis and Curtis,
1990). The asbestos concentrations in the samples were conservatively estimated as half of the author
provided LOD for the sampling method in the study. The samples evaluated with this method had
calculated concentrations between 0.003 to 0.005 f/cc for 8-hr TWASs. This group of non-detects and
zero asbestos concentration samples resulted in a large deviation between the central tendency and high-
end results for this OES. Because of the large number of non-detect exposure values that may have led
to reduced central tendency estimates for workers, EPA assumes that risk to workers involved with
firefighting and disaster response activities is most reflected by the high-end of the worker group.

Use, Repair, or Removal of Industrial and Commercial Appliances or Machinery Containing
Asbestos

For chronic non-cancer inhalation exposures, high-end MOE values ranged from 0.72 to 2.3 and central
tendency MOE values ranged from 4.1 to 14. For chronic cancer inhalation exposures, high-end ELCR
values ranged from 1.1x10~* to 3.5x10* and central tendency ELCR values ranged from 1.9x107° to
6.1x10°°.

There were two orders of magnitude differences in the values of the central tendency and high-end risk
estimates for the two SEGs assessed in this OES. These differences are explained below for each SEG:

e Workers: There were a total of 216 monitoring data points for workers in this SEG. The central
tendency exposure value for this group was 0.008 f/cc, while the high-end value was 0.157 f/cc.
Workers in this SEG included heavy machinery workers, mechanics, and engine workers, while
worker activities ranged from engine repair to working with asbestos insulation on furnaces.
These activities varied in their potential for worker exposure to asbestos, and likely contributed
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to the difference between the central tendency and high-end exposure estimates. Another
contributor may have been the considerable number of samples that were sourced from a study
conducted by Mlynarek and VVan Orden at one site where workers we reperforming maintenance
on an airplane engine (Mlynarek and Van Orden, 2012). This study provided 114 monitoring
datapoints for workers in this OES that averaged asbestos concentrations of 0.006 f/cc, which
lowered the central tendency estimate for this SEG.

e Occupational Non-users: There was a smaller variation in the exposure data for this SEG; the
central tendency exposure value for this group was 0.028 f/cc, while the high-end (maximum)
value was 0.049 f/cc. There were a total of 20 datapoints for this group, all of which came from
the study conducted by Mlynarek & Orden (Mlynarek and Van Orden, 2012). This lack of data
resulted in a small range between the central tendency and high-end exposure estimates.

PBZ monitoring data used to estimate worker exposure showed high-end and central tendency exposure
levels that exceeded the benchmark MOE for the chronic (hon-cancer) endpoint, as well as high-end
chronic (cancer) exposure levels that exceeded the benchmark ELCR. Because the analysis contained
114 monitoring datapoints for workers in this OES that averaged asbestos concentrations of 0.006 f/cc,
artificially lowering the central tendency estimate for this SEG, EPA assumes that risk to workers
involved with use, repair, and removal of machinery or appliances containing asbestos is most reflected
by the high-end of the worker group.

ONUs assessed for this OES had higher central tendency chronic (non-cancer) inhalation exposures and
ELCR values than worker estimates (ELCR values were 7.6 x10~* for ONUs and 2.3x10~* for workers).
This is due to a lack of data sources for ONU inhalation monitoring data. Exposure estimates for ONUs
were all collected from the study conducted by Mlynarek & Orden (2012). The source did not provide
the raw data but gave two mean values taken from two groups of ten samples that were taken from
bystanders in the workshop while workers were performing a high-risk activity
(disassembling/reassembling an aircraft engine). Due to the lack of information regarding the full
distribution of exposure data, it was not possible to determine an accurate value of central tendency (i.e.,
50th percentile) from the overall pool of data for the OES. Because the true distribution of data is not
certain from the available data, EPA assumes that the risk to ONUs involved with use, repair, and
removal of machinery is most reflected by the larger of the two mean values from Mlynarek & Orden
(2012) which is associated with high-end ONU exposure for the OES.

Handling Articles or Formulations that Contain Asbestos

For chronic non-cancer inhalation exposures, high-end MOE values ranged from 0.16 to 99 and central
tendency MOE values ranged from 1.1 to 105. For chronic cancer inhalation exposures, high-end ELCR
values ranged from 2.5x107° to 1.5x107% and central tendency ELCR values ranged from 2.4x107° to
2.2x1074,

There was an order of magnitude variation in the values of the central tendency and high-end risk
estimates for one of the three SEGs assessed in this OES. These differences are explained below for
each SEG:

e Higher Exposure-Potential Workers: There were a total of 46 monitoring data points for workers
in this SEG. The central tendency exposure value for this group was 0.1 f/cc, while the high-end
value was 0.69 f/cc. Worker activities for this SEG included working with asbestos-containing
plastics, sanding asbestos-containing joint compounds, and processing/using asbestos-containing
coatings, adhesives, and sealants. A total of 6 data points for this SEG were found in OSHA’s
CEHD database, all of which were zero values or non-detects. For these samples, EPA estimated
potential asbestos concentrations using the LOD of 2,117.5 fibers/sample based on NIOSH

Page 159 of 405


https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2561011
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2561011
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2561011
https://hero.epa.gov/hero/index.cfm?action=search.view&reference_id=2561011

4083
4084
4085
4086
4087
4088
4089
4090
4091
4092
4093
4094
4095
4096
4097
4098
4099
4100
4101
4102
4103

4104
4105
4106
4107
4108
4109
4110
4111
4112
4113
4114
4115
4116
4117
4118
4119
4120
4121
4122
4123
4124
4125
4126

PUBLIC RELEASE DRAFT
April 2024

Method 7400. The samples evaluated with this method averaged concentrations around 0.001
f/cc for 8-hr TWAS. There was also a group of 13 datapoints for workers handling asbestos-
containing window caulking that had a maximum 8-hr TWA value of 0.05 f/cc; further lowering
the central tendency value. In addition, one study for pole sanding of ashestos-containing joint
compound provided samples with high levels of asbestos concentrations (Brorby et al., 2013).
Two groups of samples from this study averaged 8-hr TWAs of 0.99 f/cc (6 samples) and 0.62
f/cc (5 samples); raising the estimate for high-end exposure for this SEG. These groups of non-
detects and low asbestos concentration samples combined with the groups of high concentration
samples resulted in a deviation between the central tendency and high-end results for this SEG.

e Lower Exposure-Potential Workers: There were only seven monitoring datapoints included for
the workers in this SEG. The central tendency exposure value for this group was 0.008 f/cc,
while the high-end value was 0.011 f/cc. One non-detect sample came from OSHA’s CEHD
database. EPA again estimated potential asbestos concentrations using the LOD of 2,117.5
fibers/sample based on NIOSH Method 7400. The sample evaluated with this method had a
concentration around 0.001 f/cc for an 8-hr TWA. The remaining samples were taken from one
study that sampled laboratory workers (8-hr TWAs were between 0.009-0.012 f/cc).

e Occupational Non-users: There was a smaller variation in the exposure data for this SEG; the
central tendency exposure value for this group was 0.0011 f/cc, while the high-end value was
0.0012 f/cc. There were a total of 7 datapoints for this group, all of which were non-detect
samples taken from OSHA’s CEHD database. This lack of data resulted in a small range between
the central tendency and high-end exposure estimates.

Waste Handling, Disposal, and Treatment

For chronic non-cancer inhalation exposures, the high-end MOE value for workers was 3.6 and the
central tendency MOE value for workers was 77. For chronic cancer inhalation exposures, the high-end
ELCR value for workers was 7.0x107° and the central tendency ELCR value for workers was 3.2x1075,
There were no ONU data available for this OES, therefore, central tendency worker estimates were
applied as an approximation of likely ONU exposures.

There was a significant difference in the values for the central tendency and high-end exposure estimates
for the workers assessed in this OES. There were 95 monitoring data points for the workers in this OES.
The central tendency exposure value for this group was 0.001 f/cc, while the high-end value was 0.032
f/cc. A total of 36 data points for this SEG were found in OSHA’s CEHD database, and 35 of these data
points were non-detects. For these samples, EPA estimated potential asbestos concentrations using the
LOD of 2,117.5 fibers/sample based on NIOSH Method 7400. The samples evaluated with this method
averaged concentrations around 0.001 f/cc for 8-hr TWASs. This large group of non-detects and zero
asbestos concentration samples resulted in a large deviation between the central tendency and high-end
results for this SEG. Because of the large number of non-detect exposure values that may have led to
reduced central tendency estimates for workers, EPA assumes that risk to workers involved with
disposal of asbestos-containing materials is most reflected by the high-end of the worker group.

Handling of Vermiculite-Containing Products for Agricultural and Laboratory Purposes
Qualitative assessment of vermiculite-containing products for agricultural and laboratory use indicates
that risk of asbestos exposure is not expected during occupational use. See Appendix E.14 for more
details.
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4127  Mining of Non-asbestos Commaodities
4128  Qualitative assessment of asbestos exposure during the mining of non-asbestos commodities indicates
4129 that risk of asbestos exposure is not expected during occupational use. See Appendix E.15 for more

4130  details.
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Table 5-21. Occupational Risk Estimates Summar
Inhalation Inhalation Inhalation
Life Cycle Benchmark Exposure EXDOSUre Monitoring: | Monitoring: Monitoring:
Stage/ Subcategory OES Endpoint MOE or | Population® | Route and If)evel No PPE APF =10 APF =50
Category ELCR® Duration ¢ Worker MOE | Worker MOE | Worker MOE
or ELCR? or ELCR® or ELCR®
Construction Higher High- 1.3 13 66
and building | Handling Exposure- End
materials asbestos- Potential Central |514 5,137 2.6E04
covering large | containing Worker Tendency
surface areas, |building Lower High- 2.6 26 130
including materials Chronic non- 300 Exposure- | Inhalation |End
paper articles; | during cancer Potential 8-hr TWA |Central |509 5,092 2.5E4
metal articles; | maintenance, Worker Tendency
stone, plaster, |renovation, and High- 12 - -
cement, glass, | demolition End
) and ceramic | activities ONU Central |46 _ _
|ndUStr|a|/- articles Tendency
commercia Comsirustion Higher High- |L9E 04 19E 05 3.8E 06
At Handling Exposure- Inhalation |End
and building | 5ot Potential  |8-hr TWA [Central |4.9E-07 4.9E-08 9.7E-09
mater_lals containing Worker Tendency
Co‘f“”g large | iiding Lower High-  [9.6E-05 9.6E-06 1.9E-06
isxélsgfnareas’ materials Cancer 1E-4 Exposure- Inhalation | End
tabrics 9 during Potential 8-hr TWA |[Central |4.9E-07 4.9E-08 9.8E-09
textiles: and maintenance, Worker Tendency
I, renovation, and High- 2.0E-05 - -
appare demolition Inhalation |End
activities ONU 8-hr TWA |Central |5.4E06 - =
Tendency
Construction Higher High- 14 14 69
and building | 4andling Exposure- | Inhalation |End
materials ashestos- Potential Short-Term | Central | 219 2,191 1.1E4
covering large containing Worker Tendency
) surface areas, |pyjlding Lower High- 2.7 28 137
Industrial/ 1 including materials Chronic non- Exposure-  |Inhalation | End
Commercial | paper articles; | gyring cancer 300 |potential  |Short-Term |Central |218 2,183 1.1E4
Uses metal articles; maintenance, Worker Tendency
stone, plaster, | rengvation, and High- 12 - -
cement, glass, | gemolition Inhalation |End
and ceramic | activities ONU Short-Term | Central |43 - -
articles; Tendency
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Inhalation Inhalation Inhalation
Life Cycle Benchmark Exposure Exposure Monitoring: | Monitoring: Monitoring:
Stage/ Subcategory OES Endpoint MOE or | Population® | Route and If)evel No PPE APF =10 APF =50
Category ELCR? Duration ¢ Worker MOE | Worker MOE | Worker MOE
or ELCR? or ELCR? or ELCR?
Higher High- 1.8E-04 1.8E-05 3.61E-06
Construction | Handling Exposure-  |Inhalation |End
and building | 55hestos- Potential Short-Term | Central |1.1E-06 1.1E-07 2.3E-08
materials containing Worker Tendency
covering large | pyjlding Lower High-  [9.1E-05 9.1E-06 1.8E-06
surface areas, | materials Exposure- | Inhalation |End
including during Cancer 1E=4 I potential Short-Term [Central | 1.1E-06 11E-07 2.3E08
fabrics, maintenance, Worker Tendency
textiles, and | renovation, and High-  |2.0E-05 - -
apparel demolition Inhalation |End
activities ONU Short-Term | Central | 5.8E-06 - -
Tendency
Construction |Handling High- 25 246 1,231
and building | asbestos- Firefighters |Inhalation |End
materials containing (Career) 8-hr TWA |Central |[475 4,745 2.4E4
covering large | building Tendency
surface areas, |materials Chronic non- 300 High- 74 739 3,693
including during cancer End
paper articles; | firefighting or Firefighters |Inhalation |Central |1424 1.4E4 7.1E4
metal articles; | other disaster (Volunteer) |8-hr TWA | Tendency
stone, plaster, |response
Industrial/ cement, glgss, activities
Commercial an(_j ceramic . High- 1.0E-5 1.0E-6 2.0E-7
Uses articles; Handling Firefighters |Inhalation |End
ashestos- (Career) 8-hr TWA |Central |5.3E-7 5.3E-8 1.1E-8
Construction | containing Tendency
and bL_Ji:ding buildi_ngi1 High- 3.4E-6 3.4E-7 6.8E-8
materials materials End
covering large | during Cancer 154 Central |1.8E-7 1.8E-8 3.5E-9
surface areas, |firefighting or Firefighters | Inhalation | Tendency
including other disaster (Volunteer) |8-hr TWA
fabrics, response
textiles, and | activities
apparel
Machinery, Use, repair, or | Chronic non- Inhalation | High- 0.73 7.3 36
mechanical removal of cancer 300 Worker 8-hr TWA |End
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Inhalation Inhalation Inhalation
Life Cycle Benchmark Exposure Exposure Monitoring: | Monitoring: Monitoring:
Stage/ Subcategory OES Endpoint MOE or | Population® | Route and If)evel No PPE APF =10 APF =50
Category ELCR? Duration ¢ Worker MOE | Worker MOE | Worker MOE
or ELCR? or ELCR? or ELCR?
appliances, industrial and Central |14 135 674
electrical/elect | commercial Tendency
ronic articles |appliances or High- 2.3 - -
machinery Inhalation |End
Other containing ONU 8-hr TWA |Central |4.1 - -
machinery, asbestos Tendency
S | T e g, o —H- [s#Ed [sES  [e%Es
Uses electronic/elec | emoval of Worker Inhalation | End
troniC artiCIeS industrial and 8-hl’ TWA Centl’al 1.9E-5 1.9E-6 3.7E-7
commercial | LE-4 Tendency
appliances or High- 1.1E-4 - -
machinery ONU Inhalation |End
containing 8-hr TWA |Central |6.1E-5 — —
asbestos Tendency
Use, repair, or High- 0.72 7.2 36
removal of Worker Inhalation End
Machinery, industrial and Short-Term | Central |13 125 625
mechanical commercial Chronic non- 300 T(—_zndency
appliances, appliz%nces or |cancer High- No Data No Data No Data
electrical/elect | Machinery ONU Inhalation |End
) ronic articles | containing Short-Term |Central | No Data No Data No Data
Industrla!/ asbestos Tendency
Commercial | Other Use, repair, or High-  [3.5E-04 3.5E-05 6.9E-06
machinery, removal of Worker Inhalation | End
mechanical industrial and Short-Term | Central |2.0E-05 2.0E-06 4.0E-07
appliances, commercial Tendency
electronic/elec | gpliances or | ©21°" 1E-4 High-  [No Data No Data No Data
tronic articles machinery oN Inhalation |End
containing U Short-Term | Central | No Data No Data No Data
asbestos Tendency
Electr_ical Handling Higher _ High- 0.16 1.6 8.2
Industrial/ batteries and articles or _ Exposgre— Inhalation |End
Commercial accumulators formulations Chronic non- 300 Potential 8-hr TWA |Central (1.1 11 57
Uses Solvent- that contain cancer Worker Tendency
based/water- asbestos Lower Inhalation | High- 10 103 513
based paint Exposure- 8-hr TWA |End
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Inhalation Inhalation Inhalation
Life Cycle Benchmark Exposure Exposure Monitoring: | Monitoring: Monitoring:
Stage/ Subcategory OES Endpoint MOE or | Population® | Route and If)evel No PPE APF =10 APF =50
Category ELCR? Duration ¢ Worker MOE | Worker MOE | Worker MOE
or ELCR? or ELCR? or ELCR?

Fillers and Potential Central |14 138 690

putties Worker Tendency

Furniture & High- 99 - -

furnishings Inhalation |End

including ONU 8-hr TWA |Central |103 - -

stone, plaster, Tendency

cement, glass, Higher High- |1.5E-3 1.5E 4 3.0E-5

and ceramic .

articles; metal Exposgre- Inhalation |End

articles. or Potential 8-hr TWA |Central |2.2E-4 2.2E-5 4.4E-6

rubber articles Worker Tgndency

Packaging Lower High- 2.4E-5 2.4E-6 4.9E-7

(excluding Exposure- Inhalation |End

food Potential 8-hr TWA |Central |[1.8E-5 1.8E-6 3.6E-7

packaging), Worker Tendency

including High- 2.5E-6 - -

rubber End

articles; Central |2.4E-6 - -

plastic articles Tendency

(hard); plastic | Handling

articles (soft) | articles or

Toys intended | formulations | Cancer 1E-4

for children’s |that contain

use (and child asbestos

dedicated

articles), Inhalation

including ONU 8-hr TWA

fabrics,

textiles, and

apparel; or

plastic articles

(hard)

Other

(artifacts)

Other

(aerospace

applications)
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Inhalation Inhalation Inhalation
Life Cycle Benchmark Exposure Exposure Monitoring: | Monitoring: Monitoring:
Stage/ Subcategory OES Endpoint MOE or | Population® | Route and If)evel No PPE APF =10 APF =50
Category ELCR? Duration ¢ Worker MOE | Worker MOE | Worker MOE
or ELCR? or ELCR? or ELCR?
Electrical Higher High- 0.17 17 8.7
batteries and Exposure- Inhalation | End
accumulators Potential Short-Term |Central 1.2 12 58
Solvent- . Worker Tendency
_|Handling -
E::gg/;\gftr articles or Chronic Non- Eiwer - i il o i e
: formulations 300 posure Inhalation |End
Fillers and that contain | C2NCer Potential Short-Term | Central |13 126 632
Iglljjtrtr:?tsu g |asbestos Worker Lgndency
my igh- 97 965 4,825
furnlshlngs ON Inhalation |End
;?g#%d'slgster v Short-Term | Central | 105 1,048 5,238
' ' Tendency
;ﬁg‘ig:ag:f‘css Higher High-  [1.4E-3 1.4E-4 2.9E-5
articles: metal Exposure- Inhalation | End
articles: or Potential Short-Term | Central |2.2E-4 2.2E-5 4.3E-6
rubber érticles Worker Tendency
Packagi Lower High- 2.9E-5 2.9E-6 5.7E-7
. ging .
Industrial/ (excluding Exposure- Inhalation | End
Commercial food Potential Short-Term |Central |2.0E-5 2.0E-6 4.0E-7
Uses packaging), Worker Tendency
including High- 2.6E-6 2.6E-7 5.2E-8
rubber . End
articles: Handling Central |2.4E-6 2.4E-7 4.8E-8
plastic articles |articles or Tendency
(hard); plastic formulatlc_)ns Cancer 1E-4
articles (soft) |that contain
Toys intended | asbestos
for children’s ;
use (and child ONU Itht:)a;lffll_(;?m

dedicated
articles),
including
fabrics,
textiles, and
apparel; or
plastic articles
(hard)

Page 166 of 405




4132

PUBLIC RELEASE DRAFT

April 2024
Inhalation Inhalation Inhalation
Life Cycle Benchmark Exposure Exposure Monitoring: | Monitoring: Monitoring:
Stage/ Subcategory OES Endpoint MOE or | Population® | Route and If)evel No PPE APF =10 APF =50
Category ELCR? Duration ¢ Worker MOE | Worker MOE | Worker MOE
or ELCR? or ELCR? or ELCR?
Other
(artifacts)
Other
(aerospace
applications)
Waste High- 3.6 36 180
handling, Chronic Non- 300 Worker Inhalation |End
Disposal, Disposal, disposal, and | cancer 8-hr TWA |Central |77 774 3,872
including including treatment Tendency
Distribution | Distribution | Waste High- 7.0E-5 7.0E-6 1.4E-6
for Disposal | for Disposal | handling, Inhalation |End
disposal, and | C3NCer IE=4 |Worker gt TWA [Central |3.2E6 32E-7 6.5E 8
treatment Tendency

& For chronic non-cancer endpoints, the benchmark MOE is compared to the estimated MOE values calculated from inhalation monitoring data. For chronic cancer
endpoints, the benchmark ELCR is compared to the estimated ELCR values calculated from inhalation monitoring data.
bEPA is unable to estimate ONU exposures separately from workers; central tendency worker estimates were applied as an approximation of likely ONU exposures.
¢ Short-term risk estimates use 30 minute exposure concentrations averaged with 7.5 hours at the full shift exposure concentration.
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5.3.2.2 Summary of Risk Estimates for Take-Home Exposures
Table 5-22 summarizes the risk estimates for take-home exposures for lifetime cancer and non-cancer
chronic inhalation exposures. The take-home exposure assessment approaches and calculations are
presented in Sections 3.1.2 and 5.1.2. The take-home exposure assessment considers handler and
bystander, that are exposed to asbestos contaminated clothing during garment handling (e.i., laundry,
shaking of garment, undressing and dressing, folding). The source of the ashestos contamination are
activities related to occupational scenarios, hence the link to the occupational exposure COUs and
scenarios. In addition, this take-home exposure assessment considers people, bystander, in proximity or
within the same room as the person handling the contaminated garment. All of the take-home exposure
scenarios considered people 16 years of age and older for all genders for garment handler for less-than-
lifetime exposure scenarios and 78 years for lifetime cancer risk estimates. Bystanders were considered
in three lifestages, O to 20 years to represent children living at home (where the take-home exposure
occurs) and then moving away at 20 years of age, shown in Table 5-22. Other bystander populations
considered are people living in the same household as the take-home exposure occurs for the duration of
the exposure, 40 years, risk estimates shown in 6.4.1J.3. Additional bystander scenarios considered all
ages and genders, lifetime exposure for bystanders, representing people starting the exposure at birth and
throughout their entire life, whether they live in the same households or other in which take-home
exposures occur and they are bystanders to the handling of asbestos contaminated clothing, shown in
6.4.1J.3. This lifetime exposure duration is 78 years total, which is equal to the life expectancy.

Of note, the risk summary below is based on the most sensitive non-cancer endpoint for all relevant
duration scenarios, as well as cancer. For the majority of exposure scenarios, risks were identified for
multiple endpoints in lifetime cancer exposure scenarios.

For chronic non-cancer inhalation exposures the risks values for garment handlers and bystanders for
high-intensity exposure levels for all COUs except firefighting related activities range from 11 to 236.
While central tendency risk values range from 672 to 8.4x10° (840,437) for handler and bystander. The
wide range between HE and CT risk values is due to, (1) one order of magnitude difference between the
slope in the regression analysis used to calculate HE and CT exposure concentrations, and (2) the
occupational exposure concentration (see Section 5.3.2.1) used to estimate garment asbestos
contamination concentrations.

For lifetime cancer inhalation exposures the risk values for both garment handlers and bystanders for
high-intensity exposure levels for all COUs except for volunteer firefighting and other disaster response
activities range from 2.5x107 to 3.7x107*. Central-tendency inhalation lifetime cancer risk values for
handler and bystander range from 3.1x107° to 6.0x10°°. The wide range between HE and CT risk values
is due to, (1) one order of magnitude difference between the slope in the regression analysis used to
calculate HE and CT exposure concentrations, and (2) the occupational exposure concentration (see
Section 5.3.2.1) used to estimate garment asbestos contamination concentrations.
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Table 5-22. Take-Home Inhalation Risk Estimates Summary
A Chronic Non-cancer Cancer Lifetime
COUs OES Population Grgﬁ (Benchmark MOE = 300) | (Benchmark = 1E—6)
P cT HE cT HE
Construction, paint, electrical, and metal Maintenance. renovation. and Handler >16 to 402 | 305,613 88 1.3E-8 4.6E-5
products and, P ' 5 ~ ~
Furnishing, cleaning, treatment care products demolition Bystander |0 to 20 960,756 268 1.3E-8 4 .5E-5
Construction, paint, electrical, and metal Firefighting and other disaster Handler >16 to 402 | 280,146 1,615 1.4E-8 2.5E—6
products and, S b _ _
Furnishing, cleaning, treatment care products response activities (career) Bystander |0 to 20 880,693 4,919 9.2E-9 2.5E-6
Construction, paint, electrical, and metal Firefighting and other disaster Handler >16 to 402 | 840,437 4,846 4.8E-9 8.4E-7
products and, S b _ _
Furnishing, cleaning, treatment care products response activities (volunteer) Bystander |0 to 20 2,642,080 14,757 3.1E-9 8.2E-7
. . . Use, repair, or removal of industrial Handler >16 to 402 | 8,004 47 5.1E-7 8.6E—5
Construction, paint, electrical, and metal and commercial appliances or
b _ _
products machinery containing asbestos Bystander |0 to 20 25,163 144 3.2E-7 8.5E-5
. . . Handler >16 to 40? (672 11 6.0E—6 3.7E—4
Construction, paint, electrical, and metal Handling articles or formulations that
Ig[JorglljsCrflsn cleaning, treatment care products contain asbestos (battery insulators,
and g 9 P " | burner mats, plastics, cured Bystander |0 to 20° 2,114 33 3.8E—-6 3.6E—4
Packaging, paper, plastic, toys, hobby products coatings/adhesives/ sealants)
. . Handler >16 to 40* | 44,823 236 9.1E-8 1.7E-5
Disposal, including distribution for disposal Waste handling, disposal, and
' treatment Bystander |0 to 20° 140,911 719 5.8E—8 1.7E-5

@ Scenario representative of garment handler patterns similar to those from occupational durations which is the source of asbestos fibers into clothing.
b Scenario representative of children living at home while contaminated clothing is handled during their living at home status, 20 years.

Other bystander scenarios are available in Appendix J.3.
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5.3.2.3 Summary of Risk Estimates for Consumers
Table 5-23 summarizes the risk estimates for DIY activity-based scenarios for lifetime cancer and non-
cancer chronic inhalation exposures. The consumer exposure assessment is presented in 5.1.3 and data
used for the assessment is presented in Section 3.1.3. The basis in the development of consumer DIY
exposure scenarios for this risk evaluation is that friable asbestos products have to be modified (e.g.,
removed, sanded, cut, disturbed) to release fibers. An asbestos containing product that stays in place
without any modification done to it is not expected to result in asbestos fiber releases, and hence no
human exposures and risks are expected.

Of note, the risk summary below is based on the most sensitive non-cancer endpoint for all relevant
duration scenarios, as well as cancer. For the majority of consumer DIY exposure scenarios, risks were
identified for multiple endpoints in lifetime cancer exposure scenarios. All DIY activities except indoor
disturbance of coatings, mastic and adhesives, and outdoor disturbance of roofing materials resulted in
high-end tendency risks. Generally, activities about removing of asbestos containing materials resulted
in risks at the low-end, central, and high-end tendencies, while disturbing the materials resulted in risks
at the high-level tendencies. Activities related to disturbance or removal of insulation, and sanding
spackle showed risk at low and high tendencies. Removal activities resulted in larger risk estimates than
disturbance activities.

For chronic non-cancer inhalation exposures there are risks for consumer DIYers and bystanders for
some exposure scenarios for all COUs at low, medium, and high-intensity user exposure levels. As
expected, there are more DIYer and bystander scenarios with risk at the high-intensity level than at the
low-intensity level. Generally, activities about removing of asbestos containing materials resulted in
risks at high-end tendencies, while disturbing the materials resulted in risks at the high-level tendencies
for activities related to disturbance or removal of insulation, and sanding spackle.

For lifetime cancer inhalation exposures there are risks for consumer DIYers and bystander for most
scenarios and all COUs at low, central, and high-intensity user exposure levels. Risk values range from
5.1x1078 to 5.1x102 for various DIY scenarios, however the LE, CT, and HE risk values for specific
DIY scenarios are an order of magnitude between LE to CT, and CT to HE. The difference root from the
asbestos concentrations measured during DIY activities and exposure time and frequency values used
for LE, CT, and HE calculations, see Table 5-11.
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Table 5-23. Consumer Activity-Based Do-1t-Yourself Inhalation Risk Estimates Summary

; | A Chronic Non-cancer Cancer Lifetime
Life Cycle — : : ge (Benchmark MOE = 300) (Benchmark = 1E—6)
COU/Subcategory DIlY Activity-Based Scenario Population Group
LE CT HE LE CT HE
Outdoor, disturbance/repair (sanding User 16to 78 | 129,071 | 41,288 | 9,836 2.3E-8 7.1E-8 3.0E-7
or scraping) of roofing materials Bystander | 0to 78 | 774,424 | 247,726 | 59,019 | 8.4E—9 2.6E-8 1.1E-7
. . User 16to 78 | 1,433 716 119 2.1E-6 4.1E-6 2.5E-5
Outdoor, removal of roofing materials
Bystander | Oto78 | 1,433 716 119 4.6E-6 9.1E-6 5.5E-5
User 16to 78 | 716 179 24 4.1E-6 1.6E-5 1.2E-4
Indoor, removal of plaster 5 q 01078 | 1433 16 119
Construction, paint, ystander to , 4.6E—6 9.1E-6 5.5E-5
electrical, and metal Indoor, disturbance (sliding) of ceiling | User 16to 78 | 25,470 12,735 2,122 1.2E-7 2.3E-7 1.4E-6
products / construction tiles Bystander | 0to78 | 25470 | 12,735 | 2,122 2.6E—7 5.1E-7 3.1E-6
and building materials U 16t0 78 | 1,433 398 63 2.1E-6 7.4E—6 4.7E-5
; ser 0 , AE- AE- TE—
covering large s_,urface Indoor, removal of ceiling tiles
areas: paper articles; Bystander | 0to78 | 8,596 2,388 377 7.6E—7 2.7E—-6 1.7E-5
n}:;?é?réfrﬁ:r’]tsm?:és User 16 to 78 | Below Below Below Below Below Below
plaster, cement, glass, _ _ LOD LOD LOD LOD LOD LOD
and ceramic articles Indoor, removal of vinyl floor tiles
Bystander | 0to 78 | Below Below Below Below Below Below
LOD LOD LOD LOD LOD LOD
Indoor, disturbance/repair (cutting) of | User 16to 78 | 1,279 640 213 2.3E-6 4.6E—6 1.4E-5
attic insulation. Bystander | O0to78 | 17,909 | 8,954 | 2,985 3.7E-7 73E-7 2.2E-6
Indoor, moving and removal (Wlth User 16t078 | 494 247 82 6.0E—6 1.2E-5 3.6E-5
vacuum) of attic insulation Bystander | 0to78 | 1162 581 194 5.6E-6 1.1E-5 3.4E-5
|nd00r, disturbance (po|e or hand User 16t078 | 7 1 0.1 4.0E-4 4.2E-3 2.3E-2
sanding and cleaning) of spackle Bystander | 0to78 | 16 4 1 42E-4 1.8E-3 8.5E-3
_ ) Indoor, disturbance (sanding and User 16to 78 | 458 21 4 6.4E-6 1.4E—4 8.0E—4
Construction, paint, cleaning) of coatings, mastics, and Bystander | 0to78 | 294 57 10 2.2E-5 1.1E-4 | 6.5E-4
electrical, and metal adhesives
products / fillers and _ _ User 161078 | 24,916 | 12458 | 2,388 | 1.2E-7 | 24E-7 | 1.2E-6
putties Indoor, removal of floor tile/mastic
Bystander | Oto78 | 191,025 | 95,512 | 11,939 | 3.4E-8 6.8E—8 5.5E-7
. . User 16t0 78 | 1,433 716 119 2.1E-6 4.1E-6 2.5E-5
Indoor, removal of window caulking
Bystander | Oto78 | 1,433 716 119 4.6E—6 9.1E-6 5.5E-5
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A Chronic Non-cancer Cancer Lifetime
Life Cycle it : : U (Benchmark MOE = 300) (Benchmark = 1E—6)
COU/Subcategory DIY Activity-Based Scenario Population Group
LE CT HE LE CT HE

Furnishing, cleaning, User 16t0 78 | 1,433 716 119 2.1E-6 4.1E-6 2.5E-5
treatment care products /
Furn_ltu're anq . Use of mittens for glass
furnishings, including -
stone. plaster. cement manufacturing, (proxy for oven

P » CEment, mittens and potholders) Bystander | 0to78 | 1,433 716 119 4.6E-6 9.1E-6 5.5E-5
glass, and ceramic
articles; metal articles; or
rubber articles
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5.3.2.4 Summary of Risk Estimates for General Population
Table 5-24 and Table 5-25 summarize the lifetime cancer and non-cancer chronic risk estimates for
inhalation exposures for general population exposure to ambient air releases from occupational
activities. The general population exposure assessment is described in Section 5.1.40. and the data used
for the dispersion model estimates is described in Section 3.3.1.2. The general population exposure
assessment considers indoor exposures for people living at certain distance from the asbestos releases.
The distances explored in this assessment all assess exposures to the general population at the following
distances: 10, 30, 60, 100, 2,500, 5,000, and 10,000 m and the area between 100 to 1,000 m. Distances
10 to 100 m are called co-located because they are exposures in proximity to the activity which is the
source of the asbestos releases. The populations assessed in the co-located distances are different for
each of the occupational activities releasing asbestos. For example, landfills tend to have fences to keep
people outside, and hence it is not expected to have general population living, recreating, or routinely
passing by within the perimeter. However, the distance from the landfill release point to the general
population outside the perimeter can vary depending on the size of the landfill. Other activities, such as
firefighting and demolitions can have people living next to the activity without a perimeter. The co-
located distances distinction is an approach to identify people with increased exposures due to their
proximity to emission sources. In addition, the asbestos releases are summarized by COU/OES fugitive
emissions. Fugitive emissions refer to area source emissions.

For chronic non-cancer inhalation exposures, the risk values for each COU across all distances range
from 12 to 2.7x10% for LE, CT, and HE tendencies. The wide range of risk values for a single COU is
due the differences among concentrations and the expected deposition/fall off as distances from the
source increase.

For lifetime cancer inhalation exposures, the risk values for the general population for people at various
distances from the source for high-intensity exposure levels are summarized in Table 5-24. The risk
values for each COU across all distances range from 2.2x10! to 8.6x10~* for LE, CT, and HE
tendencies. The wide range of risk values for a single COU is due the differences among concentrations
and the expected deposition/fall off as distances from the source increase.
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Table 5-24. General Population Inhalation of Outside Ambient Air Lifetime Cancer Risk Estimate Summary

Distance from the Source (m)

OES COU(s)
10 30 60 100 100-1,000 | 2,500 5,000 10,000
Low-end tendency lifetime cancer ELCR (f/cc) (benchmark = 1E—6 to 1E—4)
Waste handllng, disposal, and cou: Disposal, including distribution for 13-4 | 1.7E-5 | 3.4E-6 | 94E-7 116-8 | 156-9 | 5.1E-10 | 1.7E-10
treatment fugitive @ disposal
Handling asbestos-containing  |COU: Construction, paint, electrical, and
building materials during metal products
; : . . 3.0E-5 | 42E-6 | 7.9E-7 | 2.0E-7 1.6E-9 |15E-10|6.1E-11 | 2.3E-11
maintenance, renovation, and | COU: Furnishing, cleaning, treatment care
demolition activities fugitive ° products
Use, repair, or disposal of COU: Construction, paint, electrical, and
industrial and commercial metal products ~ _ . . . _ _ _
appliances or machinery 1.7E-5 | 1.9E-6 3.7E-7 1.1E-7 1.3E-9 |19E-10|6.8E-11| 2.2E-11
containing asbestos fugitive °
Handling articles or COU: Construction, paint, electrical, and
formulations that contain metal products
asbestos fugitive 2 : ishi i
J COU: Furnishing, cleaning, treatment care | » oe ¢ | 4 4e 5 | 1365 | 12E-5 | 29E-8 | 8.6E-9 | 33E-9 | 1.0E-9
products
COU: Packaging, paper, plastic, toys,
hobby products
Central tendency lifetime cancer ELCR (benchmark = 1E—6 to 1E—4)
Waste handling, disposal, and  |COU: Disposal, including distribution for 3064 | 5165 | 126-5 | 3.5E-6 12E-7 | 49E-9 | 1.7E-9 | 6.0E-10
treatment fugitive @ disposal
Handling asbestos-containing  |COU: Construction, paint, electrical, and
building materials during metal products
; ; L . 2.2E— 4.2E— OE-7 2.9E-7 JTE- A4E-10| 1.2E-10 | 4.6E-11
maintenance, renovation, and | COU: Furnishing, cleaning, treatment care > 6199 o 87TE-9 |3 0 0146
demolition activities fugitive ® | products
Use, repair, or disposal of COU: Construction, paint, electrical, and
industrial and commercial metal products 14E-5 | 2.2E-6 | 49E-7 | 15E-7 | 52E-9 |2.3E-10|8.3E-11| 2.9E-11
appliances or machinery
containing ashestos fugitive °
Handling articles or COU: Construction, paint, electrical, and
formulations that contain metal products
i - _ 0E-5 | 16E-5 | 1.3E-5 | 1.3E- 3E-7 | 1.8E-8 | 7.6E-9 | 2.7E-
asbestos fugitive COU: Furnishing, cleaning, treatment care 30E-5 6E-5 8E-5 385 | 33 8E-8 | 7.6E-9 9
products
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OES cou Distance from the Source (m)
S
10 30 60 100 100-1,000 | 2,500 5,000 10,000
COU: Packaging, paper, plastic, toys,
hobby products
Handling asbestos-containing  |COU: Construction, paint, electrical, and
building materials during metal products
A : L . 2.8E— 7.0E- 2.0E- .6E-1 2.2E-11 |6.8E-13| 2.0E-13 | 7.5E-14
firefighting or other disaster COU: Furnishing, cleaning, treatment care 8E-8 0E-9 OE-9 | 6.6E-10 6.8E-13| 20E-13 ) 7.5
response activities fugitive ® products
High-end tendency lifetime cancer ELCR (f/cc) (benchmark = 1E-6 to 1E—4)
Waste handling, disposal, and  |COU: Disposal, including distribution for - _ 7 7 N . . .
treatment fugitive * disposal 8.6E—4 | 1.8E4 4.4E-5 1.4E-5 6.0E—7 16E-8 | 5.5E-9 | 2.0E-9
Handling asbestos-containing  |COU: Construction, paint, electrical, and
building materials during metal products
maintenance, renovation, and | COU: Furnishing, cleaning, treatment care 6.3E-5 | 1.3E-5 | 3.2E-6 | 9.8E-7 5.8E-8 | 1.2E-9 | 4.0E-10| 1.5E-10
demolition activities fugitive ® | products
Use, repair, or disposal of COU: Construction, paint, electrical, and
industrial and commercial metal products 1364 | 27655 | 68E-6 | 2.1E-6 776-8 | 2.6E—9 | 8.9-10| 3.3E-10
appliances or machinery ' ' ' ' ' ' ' '
containing asbestos fugitive °
Handling articles or COU: Construction, paint, electrical, and
formulations that contain metal products
asbestos fugitive 2 : ishi i
g COU: Furnishing, cleaning, treatment care | g e 5 | 35F 5 | 22E-5 | 21E-5 | 1.2E-6 | 45E-8 | 1.9E-8 | 6.8E-9
products
COU: Packaging, paper, plastic, toys,
hobby products
Handling asbestos-containing  |COU: Construction, paint, electrical, and
building materials during metal products
P - . . 3E- 2.1E- AE-7 2.0E-7 .6E— 2.1E-1 AE-11 | 2.3E-11
firefighting or other disaster COU: Furnishing, cleaning, treatment care 8.3E-6 616 0 6.6E-9 06 3
response activities fugitive ° products

2 The lifetime cancer risk exposure duration is 20 years which is the number of years residents are assumed to reside in a single residential location for stationary OES.
The exposure starting age is zero (birth) to consider highly exposed and sensitive population. The Averaging time for exposure years is 78 years representing the
number of years an individual is assumed to live (Exposure Factors Handbook (U.S. EPA, 2011)).
® The lifetime cancer risk exposure duration is 1 year for non-stationary OES, IUR,1).
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Distance from the Source (m)

OES COU(s)
10 30 60 100 100-1,000 | 2,500 5,000 10,000
Low-end tendency non-cancer chronic MOE (benchmark = 300)
Waste handllrjg, disposal, and COU_: Disposal, including distribution 7 9E1 6.0E2 3.0E3 11E4 9.3E5 6.9E6 2 OE7 5 8E7
treatment fugitive @ for disposal
Handling asbestos-containing | COU: Construction, paint, electrical,
building materials during and metal products
; ; . . .8E2 4.8E 2.6E4 1.0E 1.2E7 1.3E .3E .8E
maintenance, renovation, and | COU: Furnishing, cleaning, treatment 68 8E3 6 OES 3E8 3.3E8 8.8E8
demolition activities fugitive ® | care products
Use, repair, or disposal of COU: Construction, paint, electrical,
industrial and commercial and metal products 1263 | 10E4 | 55E4 | 1985 | 15E7 | 1.1E8 | 3.0E8 | 9.0E8
appliances or machinery
containing asbestos fugitive °
Handling articles or COU: Construction, paint, electrical,
formulations that contain and metal products
asbestos fugitive 2 : ishi i
J COU: Furnishing, cleaning, treatment | 5 oey | 745> | 78g2 | 83E2 | 3565 | 1266 | 3.1E6 | 9.7E6
care products
COU: Packaging, paper, plastic, toys,
hobby products
Central tendency non-cancer chronic MOE (benchmark = 300)
Waste handllrjg, disposal, and COU_: Disposal, including distribution 3.4E1 2 OE2 8.6E2 5 9E3 8.7E4 2 1E6 6.0E6 17E7
treatment fugitive @ for disposal
Handling asbestos-containing | COU: Construction, paint, electrical,
building materials during and metal products
maintenance, renovation, and | COU: Furnishing, cleaning, treatment 9.3E2 4.9E3 2.0E4 6.9E4 2.3E6 6.0E7 1.7E8 4.4E8
demolition activities ngitiVE b care products
Use, repair, or disposal of COU: Construction, paint, electrical,
industrial and commercial and metal products
appliances or machinery 1.5E3 9.3E3 4.1E4 1.4E5 3.9E6 8.8E7 2.4E8 7.0E8
containing asbestos fugitive °
Handling articles or COU: Construction, paint, electrical,
formulations that contain and metal products
asbestos fugitive 2 : ishi i
g COU: Furnishing, cleaning, treatment | 53 05 | 65pp | 7682 | 79E2 | 31E4 | 56E5 | 13E6 | 3.8E6
care products
COU: Packaging, paper, plastic, toys,
hobby products
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Distance from the Source (m)
OES COU(s)
10 30 60 100 100-1,000 | 2,500 5,000 10,000
Handling asbestos-containing | COU: Construction, paint, electrical,
building materials during and metal products
i it ; . . 7.4E 2.9E 1.0E7 AE7 .3E .OE1 1.0E11 | 2.7E11
firefighting or other disaster COU: Furnishing, cleaning, treatment S 9Eb 0 3 9-3E8 3.0E10 0
response activities fugitive care products
High-end tendency non-cancer chronic MOE (benchmark = 300)
Waste handllrjg, disposal, and COU_: Disposal, including distribution 12E1 5 7E1 2 3E2 7 5E2 1.7E4 6.3E5 1 9E6 5 0E6
treatment fugitive @ for disposal
Handling asbestos-containing | COU: Construction, paint, electrical,
building materials during and metal products
maintenance, renovation, and | COU: Furnishing, cleaning, treatment 3.2E2 1.6E3 6.3E3 2.1E4 3.5E5 1.8E7 5.1E7 1.4E8
demolition activities fugitive ® | care products
Use, repair, or disposal of COU: Construction, paint, electrical,
industrial and commercial and metal products 1562 | 7.6E2 | 30E3 | 96E3 | 26E5 | 7.8E6 | 23E7 | 6.1E7
appliances or machinery
containing asbestos fugitive °
Handling articles or COU: Construction, paint, electrical,
formulations that contain and metal products
asbestos fugitive 2 : ishi i
J COU: Furnishing, cleaning, treatment |y ,e» | 35py | 45E2 | 49E2 | 84E3 | 23E5 | 5.4E5 | 1.5E6
care products
COU: Packaging, paper, plastic, toys,
hobby products
Handling asbestos-containing | COU: Construction, paint, electrical,
building materials during and metal products
it ; L . 24E .TE 3E4 1.0E AE OE7 3E 9E
firefighting or other disaster COU: Furnishing, cleaning, treatment 3 9.7E3 33 0ES 3.1E6 99 3.3E8 8.9E8
response activities fugitive ® care products

@ The chronic non-cancer risk exposure duration is 20 years which is the number of years residents are assumed to reside in a single residential location for stationary
OES. The exposure starting age is zero (birth) to consider highly exposed and sensitive population. The Averaging time for exposure years is 78 years representing the

number of years an individual is assumed to live (Exposure Factors Handbook (

U.S. EPA, 2011)).

b The chronic non-cancer risk exposure duratio