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ABSTRACT

ARTICLE HISTORY

From 2018 to 2020, the United States Environmental Protection Agency (EPA) performed a risk
evaluation of chrysotile asbestos to evaluate the hazards of asbestos-containing products (e.g.
encapsulated products), including brakes and gaskets, allegedly currently sold in the United
States. During the public review period, the EPA received more than 100 letters commenting on
the proposed risk evaluation. The Science Advisory Committee on Chemicals (SACC), which peer
reviewed the document, asked approximately 100 questions of the EPA that they expected to be
addressed prior to publication of the final version of the risk assessment on 30 December 2020.
After careful analysis, the authors of this manuscript found many significant scientific shortcomings in both the EPA’s draft and final versions of the chrysotile risk evaluation. First, the EPA provided insufficient evidence regarding the current number of chrysotile-containing brakes and
gaskets being sold in the United States, which influences the need for regulatory oversight.
Second, the Agency did not give adequate consideration to the more than 200 air samples
detailed in the published literature of auto mechanics who changed brakes in the 1970–1989
era. Third, the Agency did not consider more than 15 epidemiology studies indicating that exposures to encapsulated chrysotile asbestos in brakes and gaskets, which were generally in commerce from approximately 1950–1985, did not increase the incidence of any asbestos-related
disease. Fourth, the concern about chrysotile asbestos being a mesothelioma hazard was based
on populations in two facilities where mixed exposure to chrysotile and commercial amphibole
asbestos (amosite and crocidolite) occurred. All 8 cases of pleural cancer and mesothelioma in
the examined populations arose in facilities where amphiboles were present. It was therefore
inappropriate to rely on these cohorts to predict the health risks of exposure to short fiber
chrysotile, especially of those fibers filled with phenolic resins. Fifth, the suggested inhalation
unit risk (IUR) for chrysotile asbestos was far too high since it was not markedly different than
for amosite, despite the fact that the amphiboles are a far more potent carcinogen. Sixth, the
approach to low dose modeling was not the most appropriate one in several respects, but, without question, it should have accounted for the background rate of mesothelioma in the general
population. Just one month after this assessment was published, the National Academies of
Science notified the EPA that the Agency’s systematic review process was flawed. The result of
the EPA’s chrysotile asbestos risk evaluation is that society can expect dozens of years of scientifically unwarranted litigation. Due to an aging population and because some fraction of the
population is naturally predisposed to mesothelioma given the presence of various genetic mutations in DNA repair mechanisms (e.g. BAP1 and others), the vast majority of mesotheliomas in
the post-2035 era are expected to be spontaneous and unrelated in any way to exposure to
asbestos. Due to the EPA’s analysis, it is our belief that those who handled brakes and gaskets in
the post-1985 era may now believe that those exposures were the cause of their mesothelioma,
when a risk assessment based on the scientific weight of evidence would indicate otherwise.
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Introduction
In June 2016, the Frank R. Lautenberg Chemical Safety for
the 21st Century Act amended the Toxic Substances Control
Act (TSCA), the United States’ primary chemicals management law (EPA 2016). Under the amended statute, the EPA
was required to conduct risk evaluations to determine if a
chemical substance presented an unreasonable risk of injury
to health or the environment under typical use conditions
without considering costs or other non-risk factors (EPA
2016). This includes an unreasonable risk to potentially
exposed or susceptible subpopulations identified as relevant
to the risk evaluation process.
In December 2016, the TSCA Science Advisory Committee
on Chemicals (SACC) identified asbestos as one of the “First
10 Chemicals” to undergo the amended risk evaluation process. The SACC is an advisory committee operating in accordance with the Federal Advisory Committee Act and is part of
the EPA’s Science Advisory Board (SAB). The SACC’s purpose
is to examine the quality and relevance of the scientific and
technical information being used by the EPA or proposed as
the basis for Agency regulations and to advise the Agency
on broad scientific matters. This panel was tasked with

providing independent advice and recommendations to the
EPA on the scientific basis for the chrysotile risk assessment.
Subsequently, the EPA decided to examine the import, processing, distribution, disposal, and use of chrysotile asbestos
in the United States.
In March 2020, the Draft Risk Evaluation for Asbestos
(DRE) was issued by the EPA Office of Chemical Safety and
Pollution Prevention (OCSPP) and Office of Pollution
Prevention and Toxics (OPPT) (EPA 2020a). In the 310-page
report, the EPA assembled, reviewed, and evaluated numerous published and unpublished studies, datasets, and risks
for various conditions of use (COUs) for chrysotile asbestos.
The EPA reviewed 32 COUs, including the “ … use of diaphragms in the chlor-alkali industry, sheet gaskets in chemical production facilities, oilfield brake blocks, aftermarket
automotive brakes/linings, other vehicle friction products,
and other gaskets” (EPA 2020a). The Agency reportedly used
“reasonably” available information to develop a risk evaluation report for chrysotile asbestos that relied on the “best”
available science and was based on the weight of the
“scientific evidence.” One of the key aspects of this regulatory
activity is that the EPA only has responsibility to discuss current and future hazards, not past hazards. Therefore, for regulatory action to be appropriate, the products must be
currently sold in the United States, presumably in some
appreciable quantity.
Shortly after the EPA released the report to the public,
roughly 100 outside scientists responded to the DRE with
comments and reviews. On 2 June 2020, the EPA closed the
public comment period, and the SACC held a meeting shortly
thereafter. The virtual public meeting was held on 8–11 June
2020, and hosted by the SACC panel, which reviewed the
Draft Risk Evaluation for Asbestos. Approximately 20 outside
scientists gave testimony through presentations via zoom,
due to the COVID-19 pandemic. The senior author, Dr.
Paustenbach, participated in this meeting and gave oral comments regarding the shortcomings in the Agency’s
risk evaluation.
In December 2020, the EPA summarized the external peer
review and public comments that the OPPT received for the
Draft Risk Evaluation for Asbestos (EPA 2020a). It also provided the EPA’s response to the comments received from the
peer review panel and the public. The EPA said that they
“appreciated” the vital input provided by the peer review
panel and the public and stated that the information resulted
in numerous revisions to the DRE (EPA 2020c). A careful
review of the final document shows very little sensitivity to
the seriousness of the scientific shortcomings identified during the review process and the key conclusions of the original draft document remained functionally unchanged in
the final version (EPA 2020b).

CRITICAL REVIEWS IN TOXICOLOGY

In its comments and final document, the Agency repeatedly said that they relied on the views of the SACC committee (EPA 2020b, 2020c). However, this panel did not include
many acknowledged asbestos experts or individuals with significant experience with encapsulated asbestos products. For
example, no participants of the 2017 Monticello Conference,
an event where 60 of the top asbestos researchers gathered
for three days in Charlottesville, Virginia, were on the SACC
(Weill 2018). In addition, none of the roughly 15 exposure scientists who have published papers on exposure to encapsulated asbestos products or any of the ten or more
epidemiologists who have published original work on these
asbestos products were on the SACC committee. Beyond
that, at the time of the SACC meeting in July 2020, the EPA
acknowledged that the committee had reviewed less than
25% of the comments that were submitted by outside scientists (Paustenbach 2020). The Agency indicated that they
needed to read all the comments before sharing them and
that the COVID-19 pandemic had diminished the number of
available staff (Paustenbach 2020).
Risk Evaluation for Asbestos Part 1: Chrysotile Asbestos
was promulgated by the EPA on 30 December 2020 (EPA
2020b). It is noteworthy that the EPA’s management must
have been aware that in February 2021, the National
Academies of Sciences, Engineering, and Medicine (NAS) was
to release a report critical of the systematic review process
that the EPA had been using since 2016, including the process used for the chrysotile asbestos risk evaluation (National
Academies of Sciences 2021). Regarding the NAS report, the
EPA stated that:
EPA is not using, and will not again use, the systematic review
approach that was reviewed by the Academies. The Application
of Systematic Review document released in 2018 represented
EPA’s practices at that time. As acknowledged in the 2018
document, the agency’s intent was to update the document
based on the experience gained from the first 10 risk evaluations
and stakeholder input. To that end, EPA has already begun to
develop a TSCA systematic review protocol in collaboration with
the agency’s Office of Research and Development to incorporate
approaches from the Integrated Risk Information System (IRIS)
Program, which the Academies’ report strongly recommends.
(EPA 2021)

The EPA did not comment on if it planned to revisit its
risk assessments conducted between 2016 and 2020. The
Agency additionally stated that Part 2 of the asbestos risk
evaluation, which discusses legacy uses of asbestos, was currently “under examination” and that the COUs and fiber
types were to be examined in a “scoping” document that is
currently under development (EPA 2020b).

What the scientific community knows about
chrysotile asbestos
The term “asbestos” encompasses six chemically and physically diverse types of asbestiform mineral fibers that are characterized as either serpentine (chrysotile asbestos) or
amphibole (crocidolite, amosite, anthophyllite, actinolite, or
tremolite asbestos). Currently, the term “asbestos” only refers
to these six fibrous minerals and excludes other fibrous
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minerals (i.e. erionite, wincherite, or richterite) that may possess an asbestiform habit, but do not exhibit all of the properties of asbestos.
Chrysotile asbestos fibers form large parallel sheets but
are curly and pliable due to an incomplete fit between the
two layers (Shukla et al. 2003). In contrast to chrysotile,
amphiboles are arranged in long, linearly organized chains,
forming straight, inflexible, rod-like, and relatively acid-resistant fibers that have more tensile strength than chrysotile
(Bernstein and Hoskins 2006). Chrysotile fibers are quickly
depleted of critical components of their structure (e.g. magnesium and other cations) within the acidic environment of a
macrophage, which facilitates the breakdown of fiber bundles
and their subsequent clearance from the lung and pleura following human exposure (Jaurand et al. 1977; Roggli and
Brody 1984). Amphibole fibers are far more resistant to this
type of leaching and therefore have a much longer residence
time in the lung and pleura (Jaurand et al. 1977; Roggli and
Brody 1984; Hesterberg et al. 1998; Korchevskiy et al. 2019).
The biological half-life of inhaled amphibole fibers is in the
range of years to decades, whereas the half-life of chrysotile
fibers is only days to weeks (de Klerk et al. 1996; Finkelstein
and Dufresne 1999; Bernstein and Hoskins 2006). Because of
these and other physicochemical differences, the risk of
developing an asbestos-related disease is generally recognized to be far higher following exposure to amphibole
asbestos than chrysotile asbestos (McDonald and McDonald
1980; Churg 1998).
The weight of scientific evidence in the last 20 years indicates that chrysotile asbestos, following very high lifetime
doses, can cause lung cancer and perhaps mesothelioma.
Much of the scientific literature suggests that it takes lifetime
doses of 89–168 fibers/cc-years (f/cc-years) for chrysotile to
increase the risk of lung cancer and lifetime doses of
208–415 f/cc-years to increase the risk of mesothelioma
(Pierce et al. 2016). It has been known for at least 50 years
that chrysotile asbestos is significantly less potent than the
amphibole fibers for producing both lung cancer and mesothelioma (ACGIH 1978; Berman and Crump 2008a; Garabrant
and Pastula 2018; Korchevskiy et al. 2019). For example,
Lacquet and van der Linden (1980) reported that among
asbestos cement workers exposed to chrysotile asbestos,
there were no cases of asbestosis detected at doses less than
100 f/cc-years and 16 cases at doses of 100–800 f/cc-years.
There were no cases of mesothelioma reported below 800 f/
cc-years (Lacquet and van der Linden 1980). Ferrante et al
(2020) reported on asbestosis and mesothelioma among
mine Tworkers at a chrysotile asbestos mine in Balangero,
Italy. They found that for mine workers with cumulative
chrysotile asbestos doses less than 27 f-cc/years, there were
no cases of asbestosis reported and one case of pleural cancer, and for workers with exposures between 27 f/cc-years
and 345 f/cc-years, there were eight cases of asbestosis and
two cases of pleural cancer (Ferrante et al. 2020).
As these studies suggest, even if chrysotile asbestos does
have the potency to cause mesothelioma, the evidence suggests that the doses are in the vicinity of those that cause
asbestosis (i.e. > 100 f/cc-years), and the fibers probably
must be much longer than 5 mm (likely closer to 25–40 mm in
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length) and have greater than a 3:1 aspect ratio (Berman and
Crump 2003, 2008a, 2008b; Pierce et al. 2016).
Due to OSHA regulations, the vast majority of the highdose occupational exposures to chrysotile asbestos, in the
United States ended approximately 40 years ago (OSHA
1994). Therefore, it is worth asking why regulatory action is
needed at this time or why information regarding the high
doses that workers in the textile mills experienced in the
1940s–late 1970s (Dement et al. 2009; Loomis et al. 2009;
Elliott et al. 2012; Loomis et al. 2012, 2019) are being used to
characterize risks at lifetime doses of chrysotile asbestos that
were around 2–5 f/cc-years, such as for auto mechanics in
the 1950s–1985 era (Paustenbach et al. 2003, 2004; Finley
et al. 2007).

Why did the EPA tackle this thorny issue?
On March 13, 2017, Arthur Frank, MD, a plaintiff expert in
asbestos litigation, and an unidentified plaintiffs’ attorney
petitioned EPA Administrator Scott Pruitt to consider asbestos as a toxic material that the EPA should ban (Frank 2017).
Dr. Frank submitted to the EPA his standard 216-page opinion letter which has been submitted to courts dozens of
time, a document that he admitted he assembled with assistance from a plaintiff attorney, along with his petition
(Weglarz et al. 2020). He and another asbestos plaintiffs’
expert, Dr. Barry Castleman, met with an EPA deputy administrator to promote the selection of asbestos for this type of
evaluation and to share their views on the risks of asbestos
(Weglarz et al. 2020). The Asbestos Disease Awareness
Organization (ADAO), a lobbying group that advocates for a
“global asbestos ban,” and plaintiff experts Drs. John
Dement, Richard Lemen, Jacqueline Moline, and Christine
Oliver submitted written statements similar to Dr. Frank’s during the comment period (Dement 2020; Lemen 2020; Moline
2020; Oliver 2020; Reinstein and Sussman 2020; Weglarz et al.
2020). Their comments were grounded in the notion that the
EPA should attempt to promulgate stronger regulations for
current exposures to chrysotile asbestos (mostly encapsulated), which they claimed still exist.
Beyond opining on the hazards of having asbestos-containing products in commerce, the EPA decided to offer
views on the toxicology and cancer potency of pure chrysotile asbestos, as well as resin encapsulated chrysotile asbestos
in gaskets and brakes. The only way the EPA had any authority over such products was to claim that they were still routinely sold in the United States which, due to the abundance
of asbestos litigation in the United States, is not accurate
(Maines 2012). Interestingly, the EPA failed to demonstrate
that (1) these products were still entering commerce, except
in the chlor-alkali industry where use is tightly regulated, (2)
if new gaskets or brakes actually still contain chrysotile asbestos, and (3) that more than a few persons are currently
exposed to these allegedly asbestos-containing items. Had
the EPA collected more information, the authors believe that
the Agency would have found that only a handful, if any,
chrysotile asbestos-containing gaskets or brakes are imported
into the United States each year. Had the EPA done that, one

might expect that the Office of Management and Budget
(OMB) would not have supported this initiative due to the
small numbers of potentially exposed persons. In the United
States, data indicates that only the chlor-alkali industry
imports raw chrysotile asbestos (USGS 2019), and even the
EPA report indicates that exposures associated with this use
are well controlled (EPA 2020b).
Equally interesting is the speed with which this risk evaluation was rushed through the regulatory process. Often,
when a large and complicated document similar to the
chrysotile asbestos risk evaluation is advocated by the EPA, it
takes two to four years and many comment periods before it
is approved, if it is approved at all. In this case, the time
from the release of the draft to its finalization was nine
months, even during the COVID-19 pandemic when few faceto-face meetings were held. A review of the documents
obtained through a Freedom of Information Act (FOIA)
request by our firm indicates that even Agency employees
were surprised that management was going to issue the final
risk evaluation by 30 December 2020, because of the many
rather complicated scientific matters that the document
needed to resolve (FOIA 2021).
It was noted by some commenters to the EPA that the
SAB panel not only lacked enough respected and published
researchers of chrysotile asbestos, including encapsulated
asbestos-containing products, but that the panel was not balanced (Commerce 2020). In recent years, experts who are
active in litigation are rarely asked to participate in these
panels due to concerns by EPA ethics lawyers or because
lawyers for one side or the other complain to EPA that these
experts are not impartial. Sometimes, when plaintiff experts
serve on SAB panels, the EPA attempts to balance out (person for person) with experts who normally testify for the
defense. None of this appears to have happened with this
panel. For example, Drs. Anderson, Markowitz, and Kanarek,
who served on the SACC panel, have long held views about
the toxicity of chrysotile asbestos that were often inconsistent with the weight of scientific evidence. For example, Dr.
Anderson’s views regarding “any exposure” to asbestos as a
cause of asbestos disease have been rejected by the courts
(In re W.R. Grace & Co. 2007), as have Dr. Markowitz’s views
regarding encapsulated chrysotile products as a cause of
mesothelioma (Matter of New York City Asbestos Litig 2015).
Beyond this, Dr. Loomis was a subcontractor to SRC and
contributed to the development of the Inhalation Unit Risk
(IUR) in the asbestos risk evaluation (EPA 2020b). Although
he is not known to testify on these matters in court, he
clearly held strong views about studies that served as the
foundation for the IUR, instead of the vehicle mechanic epidemiology studies that were not relied upon by the EPA.
Indeed, the Agency discarded these studies, in part, because
of comments by the plaintiff experts on the panel who
claimed that they were too weak to be relied on. This is an
area where experts for the plaintiff and defense have disagreed for almost 15 years, and it would seem that a healthy
debate among experts regarding study inclusion should have
occurred before such an important decision was reached by
the Agency.
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The SACC report
The meeting minutes and Final Report for the TSCA SACC
meeting on 8–11 June 2020, were released in August 2020
(EPA 2020d). In the authors’ assessment, a key limitation of
the EPA meeting was that the questions that the panelists
were asked to address, termed “charge questions,” did not
focus on the most pertinent aspects of the document. Thus,
by asking questions that avoided the thorny topics regarding
chrysotile asbestos which were often poorly focused, the EPA
failed to obtain relevant topical insight from the advisory
panel. Readers only need to look at the wide diversity of the
comments from the panel to the EPA to understand the
magnitude of the differing views (EPA 2020c). It is unclear
from reading the public record that the panel members were
asked to review and submit comments on the EPA staff summary of the SACC meeting to ensure that the summary properly reflected the diversity of views of the panel members.
Since the SACC panel was asked to address a wide diversity of poorly focused topics, it is not surprising that the
report contains contrasting views and factual errors. While
some reviewers wanted the report to address legacy issues
of chrysotile use, others thought such a scope was unnecessary, was outside the purview of the EPA, and would be better addressed by OSHA. Others sought the inclusion of
amphiboles in the risk evaluation. A single cancer potency
factor for all asbestos forms was proposed by some
reviewers, despite the weight of scientific evidence regarding
relative potency differences for mesothelioma causation
across various fiber types (Berman and Crump 2003; Langer
2003; Garabrant and Pastula 2018; Korchevskiy et al. 2019;
Bernstein et al. 2020a, 2020b). Some panelists thought the
report should address more industries and products than
what were ultimately included in the assessment.
The EPA report on the SACC deliberations sent to the
Director of the Office of Pollution, Prevention, and Toxics,
was 265 pages in length, 284 pages with references, and contained over 230 suggestions for improvement (EPA 2020c). In
the authors’ opinion, it is difficult to imagine that the EPA’s
Final Risk Evaluation report properly reflects all the wisdom
submitted by the multitude of commenters and the comments of the SACC panel members, given that the SACC
panel was convened in a rushed manner and the final risk
evaluation was prepared in a remarkably short time span. If
the Agency had responded to the more than 100 written letters (containing several hundred suggestions) submitted by
non-panel members and the 230 comments of the panel
members, it likely should have taken more than one year to
generate a new version of this risk evaluation. A convening
of a follow-up meeting of outside experts was surely necessary and consistent with the EPA’s historical actions in related
matters (EPA 2020c).

Where are these chrysotile asbestos-containing
products that are supposedly entering the U.S.?
If the EPA had attempted to quantify the number of chrysotile asbestos-containing brakes brought into this country, we
believe that they would have found that it is nearly
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impossible to purchase an asbestos-containing brake originating from Canada, India, Russia, or China. A number of
researchers, including the senior author of this paper and Dr.
Charlie Blake, both of whom have been studying this topic in
depth for more than 20 years, have not been successful in
purchasing a single new asbestos-containing brake or gasket
after multiple attempts via the internet over the past
10–15 years. On numerous occasions, even when a supplier
claimed that their parts contained asbestos, subsequent post
purchase testing found that they did not contain
any asbestos.
The EPA relied on some comments by the SACC members
that claimed to have found advertisements on the internet
for brakes that allegedly contained asbestos. For that reason,
panel members did not understand why the numerous commenters questioned their availability. However, these panel
members seemed unaware that these internet advertisements may be years old and no longer have the brakes available for sale, even if they did contain asbestos at one time.
Just this month, our firm attempted to contact suppliers
from outside the United States and any who claimed to be
selling asbestos-containing brakes on the internet; we
received no response from any of them. Before spending millions on this regulatory initiative, it would have been prudent
for the EPA to have purchased 20  30 sets of allegedly
asbestos-containing brakes from these websites and assay
them to confirm that, indeed, the underlying assumptions
about asbestos exposure were valid. Depending on what was
learned, then a careful study of the number of potentially
exposed persons should have been conducted. At that point,
the EPA and the Office of Management and Budget (OMB)
would have been equipped to decide if these allegedly
asbestos-containing brakes warranted regulatory action.
Another weakness in the EPA’s analysis is that, even if
chrysotile-containing brakes could be obtained, there is a
lack of significant inhalation exposure associated with changing brakes as reflected in numerous NIOSH studies (Dement
1972; Johnson et al. 1979; Roberts 1980a, 1980b; Roberts and
Zumwalde 1982; Sheehy et al. 1989). The preponderance of
data cited in the assessment shows that the airborne concentrations to which persons were exposed 40þ years ago,
when brakes contained between 30%–80% chrysotile asbestos, was approximately 0.04 f/cc as an eight-hour timeweighted average (TWA) (Paustenbach et al. 2004). The EPA
reached a similar conclusion as Paustenbach et al. (2004)
with respect to the exposure of mechanics; that is, 0.04 f/cc,
as an eight-hour TWA (Weil 1985).

Shortcomings in the EPA’s risk assessment
for asbestos
One of the key issues of which readers deserve to be
reminded is that the EPA has no authority to regulate workplace exposures – this is the domain of OSHA. For the EPA to
weigh in on the topic of “asbestos exposures to workers,”
they are obligated to evaluate “future exposures” to products
in commerce. Therefore, one of the largest hurdles that the
EPA should have faced was to prove that the belief that
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asbestos-containing gaskets and brakes continue to be easily
purchased in the United States was grounded in fact. In the
draft risk evaluation, the Agency claimed that approximately
759,900 persons may be exposed annually to chrysotile
asbestos-containing brakes. After the EPA was questioned
during the review process about the accuracy of this claim,
they adjusted the number of potentially exposed persons to
375 (EPA 2020b).
In the EPA’s final risk evaluation, they stated:
According to U.S. Census Bureau data, the average annual value
of imports in HTS 6813.20.15 during the period from 2010 to
2019 was $1,949,006.37 According to the web page of a market
research group, the demand for aftermarket automotive brake is
approximately $4.3 billion per year for all of North America. Based
on this data, asbestos brakes may represent approximately 0.05%
of aftermarket automotive brakes. Assuming that the number of
potentially exposed individuals is equal to the apparent market
share of asbestos brakes and applying a 0.05% adjustment factor
to the estimates of 749,900 yields a value of 375 for both workers
and ONUs. (EPA 2020c, p. 225)

Like everything else in science, the question is more complicated than the EPA risk evaluation conveys. Asbestos in
brakes was only a possible health hazard during the era
when drum brakes were commonly used, which was approximately from 1940 to the early 1980s for the majority of automobiles in the United States. It is the drum brake that kept
the brake dust in the drum and the drum brake sometimes
needed to be arced (e.g. grinded) prior to installation. Both
disassembly and grinding offered the possibility of exposure
to brake dust, which could have contained asbestos, depending on the car manufacturer and year that the part
was installed.
However, it should be noted that brake wear debris was
at least 99% converted to forsterite due to heating during
use (Lynch and Ayer 1968; Hatch 1970; Hickish and Knight
1970; Anderson 1973; Davis and Coniam 1973; Jacko et al.
1973; Rowson 1978; Williams and Muhlbaier 1982; Cha et al.
1983; Sheehy et al. 1989; Spencer 2003; Paustenbach et al.
2004; Boelter et al. 2007; Madl et al. 2009), and forsterite
does not have asbestos-like characteristics (Langer 2003).
Importantly, the EPA failed to discuss in the final risk
evaluation the vast difference between drum and disk brakes,
as well as the differences in plausible exposure to brake wear
debris between the two (EPA 2020b). Beginning in the late
1950s, European car manufacturers began switching to the
use of disk brakes, which use brake pads, not large drum
brakes, which were designed to be open to the ambient air.
Similar to drum brakes, the wear debris from disk brakes was
also converted to forsterite; however, unlike with drum
brakes, the brake wear debris fell onto the roadway and
there was no plausible exposure to asbestos for the mechanic. In the United States, a large fraction of the cars that
were manufactured had disk brakes beginning in the earlyto mid-1970s, which was also when asbestos was being
phased out in brakes. Interestingly, the EPA’s risk evaluation
acknowledged that there are both types of brakes in the
marketplace, but they fail to note that a significant fraction
of all European and American cars have had only disk brakes
since the late 1990s. Today, some cars still use drum brakes

for the rear wheels, however, since asbestos is not being
used in these brakes, there is no potential for exposure
to mechanics.
In the risk evaluation, the EPA stated that “While EPA has
verified that U.S. automotive manufacturers are not installing
asbestos brakes on new cars for domestic distribution, EPA
has identified a company that is importing asbestos-containing brakes and installing them in their cars in the United
States. These cars are exported and not sold domestically”
(EPA 2020c, p. 113). What the EPA failed to say was that since
these brakes were not manipulated for installation, there was
no plausible exposure to asbestos and they failed to be
transparent by not identifying the company.
There is evidence from a series of NIOSH studies conducted from 1972 through 1989 that exposure to asbestos
was steadily decreasing during vehicle brake servicing operations in the United States during this time period (Dement
1972; Johnson et al. 1979; Roberts 1980a, 1980b; Roberts and
Zumwalde 1982; Sheehy et al. 1989). Additionally, OSHA conducted compliance inspections for asbestos from 1984 to
2011, and for the samples collected for the automobile
industry (i.e. sales, service, and repair), they showed a consistent decrease in exposure levels throughout the 1980s until
1994, when the last OSHA compliance sample was collected
(Cowan et al. 2015). As stated in Cowan et al. “In the 1990s,
a total of 172 personal air samples were collected, and of
those, 170 samples were non-detectable for asbestos. The
two personal samples, 0.03 and 0.056 f/cc, collected in the
1990s were well below the contemporaneous occupational
exposure limits.” These facts put into question not only the
EPA estimates of exposure for chrysotile asbestos, which
were all below the contemporaneous OSHA Permissible
Exposure Limits (PEL) for asbestos–0.1 f/cc on an eight-hour
time-weighted-average (TWA), but the fact that that there
will be minimal exposure to chrysotile asbestos in the future,
even if some small fraction of asbestos-containing brakes
might be available on the internet.
Among several shortcomings in the final version of the
EPA’s risk evaluation, many of the scientists who commented
on the draft risk evaluation noted that the EPA did not use
most of the relevant published and unpublished literature
that was important to conducting a correct analysis (Carbone
2020; Case 2020; Garabrant 2020; Hardin 2020; Mezie et al.
2020; Mossman 2020; Price 2020; Williams 2020). Two authors
of this paper (Drs. Paustenbach and Brew) identified nearly
100 papers relevant to the EPA’s chrysotile asbestos risk
evaluation that the Agency did not cite and brought this
shortcoming to attention in May 2020 (Paustenbach and
Brew 2020); which allowed more than enough time for them
to be considered in the final risk evaluation. It seems inexplicable that studies which showed the lack of biologic activity of resin-soaked fibers, the conversion of chrysotile to
forsterite during braking, the epidemiological studies of
mechanics, the published meta-analyses of mechanics, and
the studies describing the low potency of chrysotile compared to amphiboles were not mentioned in the EPA’s Draft
Risk Evaluation for Asbestos. This was despite the claim that
the EPA conducted a first-rate systematic review.

CRITICAL REVIEWS IN TOXICOLOGY

In the final response to comments, the Agency stated that
the SACC found the EPA analysis was adequate; however, a
March 2021 National Academies of Sciences, Engineering,
and Medicine (NAS) report that addressed the EPA’s Draft
Risk Evaluation for Trichloroethylene (TCE) and the Risk
Evaluation for 1-Bromopropane (n-Propyl Bromide) (1-BP)
(NAS 2021, p. 2) stated that:
The committee finds that the process outlined in the 2018
guidance document, and as elaborated and applied in the
example evaluations, does not meet the criteria of
‘comprehensive, workable, objective, and transparent.’ The
committee’s evaluation was made difficult by the incomplete and
hard-to-follow documentation of many details of the process—
adequacy of documentation is requisite for achieving
transparency, objectivity, and replicability. In the committee’s
judgment, the specific and general problems in TSCA risk
evaluations are partially due to the decision to develop a largely
de novo approach, rather than starting with the foundation
offered by approaches that were extant in 2016. OPPT was further
challenged by the statutory schedule for completing assessments.
As a general finding, the committee judged that the systematic
reviews within the draft risk evaluations considered did not meet
the standards of systematic review methodology. (National
Academies of Sciences 2021, p. 7)

The NAS report concluded that:
The committee found that the systematic reviews within the draft
risk evaluations considered did not meet the standards of
systematic review methodology. The committee applied the
critical appraisal tool for systematic review ‘assessment of
multiple systematic reviews’ (AMSTAR-2) to the hazard assessment
in the draft TCE risk evaluation and found the appraisal process
to be unnecessarily complicated due to insufficient and unclear
documentation. Despite this barrier to applying the AMSTAR-2
instrument, the committee found that the TCE hazard assessment
did not perform positively on the vast majority of AMSTAR-2
questions. Hence, the committee concluded that the hazard
assessment within the TSCA TCE risk evaluation was of critically
low quality, meaning that the review had ‘more than one critical
flaw and should not be relied on to provide an accurate and
comprehensive summary of the available studies’”. (Shea et al.
2017, p. 6)
Consequently, the committee suggests that the OPPT team
comprehensively reevaluate its approach so as to achieve the
state of the practice for systematic review. In the committee’s
judgment, the specific and general problems in TSCA risk
evaluations are partially due to the decision to develop a largely
de novo approach, rather than starting with the foundation
offered by approaches that were extant in 2016. OPPT was
challenged by the statutory schedule for completing assessments.
Nonetheless, looking forward, the committee strongly
recommends that OPPT reconsider its overall strategy. (National
Academies of Sciences 2021, p. 52–53)

While the NAS report did not explicitly examine the EPA’s
chrysotile asbestos risk evaluation, the Agency followed the
same methodology used in the TCE and 1-BP risk evaluations
when examining asbestos (EPA 2020b). Therefore, it is not
surprising that there were significant shortcomings in the
asbestos risk evaluation. Many of the issues identified by the
NAS regarding the methodology that the EPA used were also
identified by many outside reviewers (Carbone 2020; Case
2020; Garabrant 2020; Hardin 2020; Mezie et al. 2020;
Mossman 2020; Price 2020; Williams 2020). In spite of the
NAS’ sharp criticisms of the methodology used, the EPA’s
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chrysotile asbestos risk evaluation is being relied on in litigation (Weglarz et al. 2020).

EPA’s chrysotile risk evaluation has already
influenced the litigation
Dr. Edwin Holstein submitted an amended opinion letter (on
behalf of plaintiffs) in January 2021, less than 30 days after
the EPA released its final document, where he stated that his
purpose in doing so was to “ … summarize a recent reliable
and authoritative document published by the Office of
Chemical Safety and Pollution Prevention of the United
States Environmental Protection Agency dated December,
2020” (Holstein 2021). He concluded his supplemental report
by stating “Essentially, the EPA’s conclusions, like the opinions I stated [in his report], is that the Garabrant study fails
to establish its claim because the underlying studies on
which it relies are methodically incapable of doing so. The
same conclusion applies to any other expert who would rely
upon the Garabrant et al. publication or its underlying studies to make a similar claim” (Holstein 2021).
Similarly, Dr. Murray Finkelstein submitted an amended
opinion letter (on behalf of plaintiffs) in January 2021, that
relied upon the “Supplemental File for Epidemiologic Studies
of Automotive Mechanics” section of the Risk Evaluation for
Asbestos Part 1: Chrysotile” (Finkelstein 2021). Relying upon
the EPA’s risk evaluation, Dr. Finkelstein concluded that “The
opinions stated by the EPA in their December 2020 Final Risk
Evaluation for Chrysotile Asbestos are thus essentially similar
to the opinions stated … [in his] report” (Finkelstein 2021).

Comments submitted to EPA during the review
process by Drs. Paustenbach and Brew
Two authors of this manuscript (Drs. Dennis Paustenbach and
David Brew) identified more than 20 significant shortcomings
in the EPA’s Draft Risk Evaluation for Asbestos, which were
discussed in 139 pages of comments submitted to the
Agency on 26 May 2020 (Paustenbach and Brew 2020). The
following are 11 of the most important shortcomings and
how the Agency responded to them in the Final Risk
Evaluation for Asbestos Part 1: Chrysotile Asbestos (EPA
2020b, 2020c).
1.

Comment submitted to the Agency: It is nearly
impossible to find an imported asbestos product in the
United States, despite the few products advertised on
the internet. In our experience, the asbestos products
on the internet are either no longer available when you
attempt to order them or do not contain asbestos despite being labeled as such (Paustenbach and
Brew 2020).
a. EPA’s Response: “As stated in the draft risk evaluation, EPA reviewed published literature, online
databases, government and commercial trade databases. EPA also reviewed company websites of
potential manufacturers, importers, distributors,
retailers, or other users of asbestos. EPA consulted
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2.

with USGS and Customs and Border Protection
(CBP) staff. EPA reviewed data from CBP’s
Automated Commercial Environment (ACE) system,
which provided information for 26 companies that
reported the import of asbestos-containing products between 2016 and 2018. Also, EPA confirmed
that chrysotile brakes are still imported and
installed on vehicles that are then exported” (EPA
2020c, p. 116–117).
b. Note: The authors have asked the EPA for its documentation regarding this statement as it is not
consistent with research that we have conducted
on this topic. To be specific, in 2005 and 2015, Drs.
Dennis Paustenbach and Charlie Blake attempted
to purchase allegedly asbestos-containing brakes
from the internet, and they were only able to find
two suppliers of allegedly asbestos-containing
brakes in 2005. However, when these brakes were
purchased and tested, they were found to not be
asbestos-containing.
In 2020 and 2021, as a result of the EPA’s risk
evaluation, Drs. Paustenbach and Brew searched
the internet for brakes that allegedly contained
asbestos from Canada, India, Russia, and China (i.e.
the countries that the EPA alleged asbestos-containing brakes in the United States were sourced
from) (EPA 2020b). If any can be purchased and if
we receive them, the authors will have them
tested to determine if they in actuality contain asbestos.
Comment submitted to the Agency: EPA claims that
one million Americans annually, in the upcoming years,
might be exposed to new chrysotile-containing products, but we find the basis for this claim to be lacking a
factual foundation (Paustenbach and Brew 2020).
a. EPA’s Response: “EPA has been unable to identify
reasonably available information to determine the
number of potentially exposed workers and the
proportion of vehicles with asbestos-containing
brakes or clutches” (EPA 2020d, p. 86). The Agency
also stated that “the EPA estimated potentially
exposed individuals (both workers and ONUs) by
applying this factor (0.05%) to the universe of
automotive service technicians and mechanics
(749,900), EPA’s estimate of potentially exposed
workers is 375” (EPA 2020c, p. 108).
b. Note: It is the authors’ view that there is no evidence that even dozens of persons could be
exposed to chrysotile asbestos-contaminated
brakes in the coming years, especially not the hundreds of thousands of automotive workers mentioned in the draft risk evaluation, or even the
hundreds stated in the final risk evaluation (EPA
2020b). This is especially true since the Agency’s
analysis is based on cascading assumptions rather
than facts. As documented in Cowan et al. 2015,
which was cited but mischaracterized in the EPA’s
final risk evaluation (EPA 2020d, p. 109), OSHA has
not detected asbestos in personal breathing zone

3.

4.

(PBZ) samples at automotive repair services and
parking facilities since 1990. It is the authors’ opinion that, had the EPA conducted a thorough systematic review and correctly characterized the data
within the identified studies, the weight of evidence would not have supported the misleadingly
high estimates of the current number of likely
exposed persons to chrysotile asbestos from performing brake work.
Comment submitted to the Agency: Starting about 50
years ago, when OSHA promulgated its earliest asbestos
regulations, exposures to asbestos in the workplace began
to drop dramatically. Today, virtually no one is exposed to
measured quantities of asbestos in new products. This is
noted in the EPA’s Draft Risk Evaluation for Asbestos,
where identified exposures were generally far below the
current OSHA PEL of 0.1 fibers/cc except for a couple of
“one-off” situations (Paustenbach and Brew 2020).
a. EPA’s Response: The agency failed to address
this comment.
b. Note: We do not understand how this comment
does not directly bear on the EPA’s risk evaluation
for chrysotile asbestos, since we believe the data
indicates that there is no appreciable exposure or
any measurable exposure to workers in the identified conditions of use in the EPA’s evaluation (EPA
2020b). Normally, an appreciable number of persons are expected to be exposed to unacceptable
airborne concentrations of a toxicant for regulatory
action to be warranted.
Comment submitted to the Agency: About 40–50
years ago, most firms told their purchasing departments not to purchase asbestos-containing products,
including gaskets, packing, and brakes. This remains a
fact, and it makes sense considering the massive liabilities associated with asbestos litigation (Paustenbach
and Brew 2020).
a. EPA’s Response: “All studies used in the Risk
Evaluation, including industry submissions, are
evaluated using the same data quality criteria
under the TSCA Systematic Review process
described in the document, Application of
Systematic Review in TSCA Risk Evaluations” (EPA
2020c, p. 118).
b. Note: The systematic review process that the EPA
used was found to suffer from serious flaws based
on a report issued by the National Academies of
Sciences, Engineering, and Medicine (NAS) in
March 2021 (National Academies of Sciences
2021). First, it is logical to infer that the EPA knew
when it issued the final risk evaluation of chrysotile asbestos on December 30, 2020, that its process was to be harshly criticized by the NAS.
Second, the Agency had to have known, based on
all the comments submitted by interested parties,
that its systematic review process was unsound
long before the NAS report was issued
(EPA 2020c).

CRITICAL REVIEWS IN TOXICOLOGY

As the NAS stated in its report:
The OPPT approach to systematic review does not adequately
meet the state of the practice. The committee suggests that OPPT
comprehensively reevaluate its approach to systematic review
methods, addressing the comments and recommendations of
Chapter 2.
With regard to hazard assessment for human and ecological
receptors, the committee comments that OPPT should step back
from the approach that it has taken and consider components of
the OHAT, IRIS, and Navigation Guide methods that could be
incorporated directly and specifically into hazard assessment.
The committee finds that OPPT’s use of systematic review for
the evidence stream for which it has not been previously
adapted to be particularly unsuccessful. Given these novel
applications of systematic review, the committee suggests that
OPPT elaborate plans for continuing the refinement of methods,
ideally, in collaboration with internal and external stakeholders.
The committee alsosuggests that OPPT evaluate the ways that
existing OHAT, IRIS, and Navigation Guide methods could be
modified for the other evidence streams. In addition, OPPT
should use existing guidance within the agency such as the
Guidelines for Human Exposure Assessment, the Guidelines for
Ecological Risk Assessment, and the operating procedures for
the use of the ECOTOXicology knowledgebase, as following
existing guidelines would improve transparency of the
assessments.
The committee recommends that a handbook for TSCA
review and evidence integration methodology be put together
that details the steps in the process. Throughout this report, the
committee points to problems of documentation. The
committee believes that the effort of developing and publicly
vetting a handbook will pay off in the long run by making the
process more straightforward, transparent, and easier to follow.
(National Academies of Sciences 2021, p. 56)

In response to the NAS’ report, the EPA issued a press release
that stated:
EPA is not using, and will not again use, the systematic review
approach that was reviewed by the Academies. The Application
of Systematic Review document released in 2018 represented
EPA’s practices at that time. As acknowledged in the 2018
document, the agency’s intent was to update the document
based on the experience gained from the first 10 risk evaluations
and stakeholder input. To that end, EPA has already begun to
develop a TSCA systematic review protocol in collaboration with
the agency’s Office of Research and Development to incorporate
approaches from the Integrated Risk Information System (IRIS)
Program, which the Academies’ report strongly recommends.
(EPA 2021)

However, the Agency did not comment on if they planned to
revisit the risk assessments conducted between 2016 and
2020 (EPA 2021).
5. Comment submitted to the Agency: The EPA based
its cancer potency factor for chrysotile on the erroneous assumption that a textile mill in the 1950s–1970s
(Dement et al. 2009, 2011; Elliott et al. 2012) could be a
surrogate for describing the potency of fibers from gaskets and brakes. For the past 20 years, research has
indicated that chrysotile fibers need to be closer to
15–40 mm in length to pose a significant health hazard
(Berman and Crump 2003, p. 2003, 2008a, p. 2008).
Such fiber lengths were generally found only in textile
mills, and they are virtually absent from brake dust or
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any dust associated with brake or gasket manipulation
today (Paustenbach and Brew 2020).
a. EPA’s Response: “EPA did not find sufficient data
that showed chrysotile asbestos effects experienced by textile workers would be different from
the effects of exposure to chrysotile asbestos in
other asbestos products. There was no quantitative
exposure data of adequate quality to derive cancer
potency values for chrysotile asbestos based on
studies of automobile mechanics; they were all
unsuitable for use in quantitative risk assessment”
(EPA 2020c, p. 137).
b. Note: The Agency seems to be unaware of the significant quantity of information about the exposure
of mechanics to chrysotile which were collected by
the United States government in the 1970s and
1980s (Dement 1972; Johnson et al. 1979; Roberts
1980a, 1980b; Roberts and Zumwalde 1982;
Sheehy et al. 1989). The Agency seemed not to
understand that the North and South Carolina textile mill cohorts that they relied on in the final risk
evaluation (Hein et al. 2007; Dement et al. 2009;
Loomis et al. 2009; Elliott et al. 2012; Loomis et al.
2019) were not relevant to characterize the exposure to products containing encapsulated chrysotile
asbestos, and that most of the cohorts that they
cited also had some exposure to amphiboles.
For example, for the North Carolina textile cohorts,
approximately 96% of the person-time accrued
was from workers at plants three and four
(Garabrant 2020), which also had documented use
of amosite and crocidolite asbestos (UNARCO 1954;
UNACRO 2012). Due to these exposures to amphibole asbestos, the Dement et al. (2009), Loomis
et al. (2009), Elliott et al. (2012) and Loomis et al.
(2019) articles are of limited usefulness when
examining the lung cancer and mesothelioma risks
from exposure to chrysotile asbestos alone.
Comment submitted to the Agency: The EPA
assumed in its risk assessment that textile workers in
four mills in North Carolina and the GARCO mill in
South Carolina were exposed only to chrysotile, which
is untrue (Paustenbach and Brew 2020).
a. EPA’s Response: “SACC did consider all these limitations raised in public comments to the SACC and
this and other SACC recommendations establish
that NC and SC datasets have the best exposure
data and are appropriate to use for chrysotile
asbestos IUR derivation. The SACC concurred that
the NC and SC cohorts (Burdorf and Heederik
2011; Lenters et al. 2012) have the best exposure
data and that this was a good reason to focus on
these cohorts’ (see 4.13 for more detail on this
SACC recommendation).
The submitted comments provided undisputed
information that UNARCO owned the NC
Marshville plant for a period of time. They also
provided evidence that some other plants from the
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several that UNARCO owned did produce amosite
products in those other plants. EPA did not find
evidence in the comments or court depositions
that the Marshville plant was using amosite in its
productions and was ever anything other than a
textile plant that used commercial chrysotile asbestos (EPA 2020c, p. 140).
b. Note: In our view, the EPA’s comments are not
responsive to the many comments submitted to
the EPA by experts on this topic. Also, the authors’
understanding of the SACC panel is not consistent
with the EPA’s response. Indeed, the panel had
members who made it clear that the North
Carolina and South Carolina textile mills should
not be used in the risk evaluation (Paustenbach
2021).
In North Carolina, there is no available record
that any type of amphibole asbestos was used at
Plant 1 (Davidson, North Carolina) or Plant 2
(Charlotte, North Carolina), while only chrysotile
asbestos was used (Garabrant 2020). There is evidence that amosite asbestos was carded, twisted,
and woven between 1963 and 1976 at Plant 3
(Charlotte, North Carolina) (Loomis et al. 2009) and
amosite and crocidolite asbestos was used at Plant
4 (Marshville, North Carolina) while UNARCO
owned the mill from 1947 to 1963 (UNARCO 1954;
UNACRO 2012). This was confirmed by researchers
who assayed worker’s lungs from these mills and
found that amphiboles were present (Roggli et al.
1997; Pavlisko et al. 2020).
If the SACC panel had the opportunity to thoroughly review the comments submitted by Dr.
Garabrant, and other reviewers, they would have
been aware that there were numerous documents
available from the Asbestos Claims Research
Facility (ACRF) in Aurora, Colorado, that conclusively demonstrated that the Marshville, North
Carolina, textile mill worked with, and had in
inventory, crocidolite, amosite, and chrysotile
asbestos (Garabrant 2020. p. 5–6).
Furthermore, in comments submitted to the
SACC panel, Dr. Garabrant identified 12 other
important points regarding the North Carolina textile plants:
1. “All 8 cases of pleural cancer and mesothelioma
arose in plants 3 and 4, where there were mixed
exposures to chrysotile and commercial amphiboles (amosite and crocidolite). Because of mixed
exposures, plants 3 and 4 cannot contribute to
the DRE for chrysotile asbestos.
2. “Plant 1, where only chrysotile was used, contributed little to the person-time experience of the
North Carolina asbestos textile cohort. Among
subjects employed 30 days or more, only 3,933
person years occurred in plant 1 out of 100,742
person years (3.9%) in plants 1, 3, and 4 combined, and only 3.7% of the person years (3,933/
105,077) among subjects employed for 30 days or
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more in plants 1, 2, 3, and 4 combined. Because
roughly 96% of the person-time experience of the
North Carolina textile cohort was derived from
plants 3 and 4, the papers by Loomis, Elliott, and
Dement (Dement 2009; Loomis 2009; Elliott 2012;
Loomis 2012, 2019) are essentially uninformative
on the risks of lung cancer and mesothelioma
among textile workers exposed to only chrysotile.
“In spite of numerous publications from the NC
cohort (Dement 2009; Loomis 2009; Elliott 2012;
Loomis 2012, 2019), the authors never mentioned
how many of the 8 cases of pleural cancer and
mesothelioma arose in workers who had less than
30 days of employment, or 30 or more days of
employment. This omission demands an explanation. Workers with less than 30 days of employment contributed 42% of the total person years
of observation [(181,640–105,077)/181,640 ¼ 0.42].
If cases arose in workers with < 30 days of
employment this would substantially affect the
interpretation of the findings from these papers.
Among short-term workers (<30 days of employment), the overwhelming majority of their careers
must have been spent in jobs elsewhere, about
which nothing (including asbestos exposure)
was known.
“In calculating the rates (in Table 1, above) of
lung cancer, pleural cancer, and mesothelioma, no
adjustment for differences in age or calendar
period among plants was possible (only Loomis
and Elliott have the data that would allow such
adjustments). In calculating pleural cancer and
mesothelioma rates, I have assumed (in a manner
that provides the high-end estimate of mesothelioma risks) that no cases occurred among workers
with < 30 days of employment. If this assumption
is incorrect, and cases arose among workers with
< 30 days of employment, the person years in
each plant would be increased on average by
73% (181,640/105,077 ¼ 1.73), and the pleural
cancer and mesothelioma rates would be reduced
inversely. This does not alter the fundamental
conclusion that all the cases arose where commercial amphiboles were used, and no cases
arose in plants 1 and 2, where only chrysotile
was used.
“In plant 2, where only chrysotile was used to
“produce friction products and other finished
goods from purchased asbestos yarn and tape”
(Loomis 2009), there were 0 deaths due to pleural
cancer and mesothelioma in 8,780 person-years of
observation. This observation is directly relevant
to EPA’s DRE for AAABL, particularly regarding
whether the chrysotile in asbestos-containing
brakes is associated with increased risk of mesothelioma. Although the cohort in plant 2 was
small, the available evidence does not support
any such conclusion.
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“In Plant 3, where chrysotile and amosite were
used, there were 3 deaths due to pleural cancer
and mesothelioma in 80,428 person-years of
observation (rate ¼ 3.7/100,000).
“In Plant 4, where chrysotile, crocidolite, and
amosite were used, there were 5 deaths due to
pleural cancer and mesothelioma in 16,381 person-years of observation (rate ¼ 30.5/100,000).
“If the calculations are restricted to mesothelioma
(ignoring pleural cancer deaths), the overall pattern of rates across plants is not appreciably different. Plant 4 has at least an order of magnitude
higher risk of mesothelioma than any of the
other plants.
“If the pleural cancers and mesotheliomas
occurred among workers with >1 day of employment in the textile plants (rather than among
workers with > 30 days of employment as I have
assumed) and the person years were increased by
an average factor of 1.73, this would not appreciably change the overall pattern of rates
across plants.
“The mesothelioma plus pleural cancer rate in
Plant 4 (Marshville) is approximately an order of
magnitude higher than in the Plant 3 (Charlotte)
where amosite and chrysotile were known to
have been used. It is also an order of magnitude
higher than in the Charleston, SC textile plant
studied by Loomis (2009) and Elliott (2012). Even
after adjusting for cumulative exposure (f/ml-yrs),
the mesothelioma plus pleural cancer rate in
Plant 4 (Marshville) is about 3.5 times higher than
the rate in Plant 3 (Charlotte). This is consistent
with a conclusion that there is a difference in the
potency of the fibers between plant 4 and all
other North Carolina plants (1, 2, and 3).
“It is inappropriate that Loomis (2009) and Elliott
(2012) combined results across the North Carolina
and South Carolina cohorts without addressing
the heterogeneity of pleural cancer and mesothelioma risks across plants.
“It is unexplained how EPA regarded the North
Carolina plant exposure data to be “of higher
quality than those utilized in other studies of
occupational cohorts exposed to chrysotile” (page
141 lines 5200–5201), when Loomis and Dement
were completely unaware of the evidence of
amphibole asbestos use in plant 4 (Marshville),
failed to recognize the heterogeneity in pleural
cancer and mesothelioma risks among the North
Carolina Plants, and failed to recognize that the
mesothelioma risk in the Marshville plant was
incompatible with all other evidence from occupational cohorts exposed to only chrysotile”
(Garabrant 2020, p. 10–11).
It is our view that the SACC’s belief that the
North Carolina and South Carolina textile mill
cohorts “ … have the best exposure data and are
appropriate to use for chrysotile asbestos IUR
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derivation” is flawed and invalidates the EPA’s
entire risk evaluation. As discussed above, members of this cohort were known to have been
exposed to amphiboles (Pooley and Mitha 1986;
Sebastien et al. 1989), and this was confirmed by
lung fiber analysis (Sebastien et al. 1989; Green
et al. 1997; Roggli et al. 1997; Case et al. 2000;
Pavlisko et al. 2020).
Also, the fibers that were used in these textile
mills were exceedingly long (i.e. >20 lm), and
therefore, were vastly different in length and
aspect ratio from the short, encapsulated asbestos
fibers that were used in brakes and gaskets.
Historically, friction products used grade 7 chrysotile asbestos as a filler or binding material
(Cossette and Delvaux 1979; Mann 1983); while
the textile industries used longer asbestos fibers
(Grades 1–3) that could be spun and woven into
finished products (Mann 1983; Pigg 1994). It is virtually unique to the textile industry that chrysotile
fiber lengths are routinely longer than 25 lm.
Comment submitted to the Agency: For decades, the
airborne concentrations of chrysotile associated with
handling brakes or gasket have been very low or nonexistent, and we now know that the fibers likely lacked
significant biologic activity since they were either
degraded during use (Paustenbach et al. 2004) or were
soaked in phenolic resin, which appears to eliminate
the toxicity (Bernstein et al. 2003, 2018; 2020a; 2020b).
a.

b.

EPA’s Response: The Agency failed to address the
comment directly; however, they did state: “In
response to the comment on longer vs shorter
fibers, the Bayesian analysis by Hamra et al. (2017)
shows that shorter fibers also have cancer risk.” As
the SACC noted in other comments (See Section
4.12) “ … most asbestos fibers in textile plants
were, in fact, short fibers, i.e. less than 5 microns in
length” (EPA 2020c, p. 137).
Note: We do not understand how the EPA
believed that the exposure of textile workers in
the 1940–1970s, during which these populations
were exposed to fibers which were often 20–50
mm in length (and may have been contaminated
with amphiboles), is in any way similar to exposure
to brake wear debris or short fiber chrysotile
soaked in resin. The EPA failed to discuss the work
of Bernstein et al. (2018, 2020a, 2020b), which
showed that fibers soaked in resin seem to lack
biological activity. Beyond ignoring those studies
and the meta-analyses of the epidemiology studies
involving mechanics (Wong 2001; Goodman et al.
2004; Garabrant et al. 2016), the EPA also failed to
cite many historically important studies that show
that short fiber chrysotile lacks biologic activity
(Davis and Coniam 1973; Stanton 1973; Stanton
et al. 1977; Platek et al. 1985; Berman and Crump
2003; Berman and Crump 2008a; Berman and
Crump 2008b; Lippmann 2014).

12

D. PAUSTENBACH ET AL.

The Agency relied on the Hamra et al. (2017)
paper to respond to public comments regarding
the lack of toxicity of shorter fibers versus longer
asbestos fibers (EPA 2020c, p. 137). The premise of
the Hamra article was that unregulated asbestos
fibers, described as those not meeting the definition of an OSHA fiber - i.e. a diameter greater
than 0.25 mm, a length greater than 5 lm, and having an aspect ratio of 3:1 or greater - posed a lung
cancer hazard in the North Carolina and South
Carolina textile mill cohorts described in Elliott
et al. (2012). The author’s claimed that “A persistent concern is that the specified dimensional criteria may not be sufficient for protecting the health
of exposed workers because they are not based
solely on health concerns” (Hamra et al. 2017).
Several shortcomings of the Hamra et al. (2017)
article appeared to have been overlooked by the
Agency in its chrysotile asbestos risk evaluation. In
our opinion, the primary scientific issue with this
article is that the Bayesian model was developed
from two textile cohorts that were known to be
exposed to both amphiboles and chrysotile asbestos (see comments #5 and #6 and Garabrant 2020),
yet the authors stated that “ … we note that the
vast majority of asbestos used in these plants was
raw chrysotile. Small amounts of crocidolite yarn
were used in the SC plant (1950  1975) and some
amosite was used in one of the North Carolina
plants (1963–1976). Thus, results are with regard to
chrysotile asbestos” (Hamra et al. 2017), without
describing the methodology for distinguishing
between exposures to differing fiber types.
Additionally, the authors stated that they relied
on three studies to describe the pooled North and
South Carolina cohorts (Loomis et al. 2009; Loomis
et al. 2010; Elliott et al. 2012); however, as stated
in the Loomis et al. (2009) cohort “Information on
smoking was available for <15% of the cohort …
Adjustment for smoking was not feasible because
of the very limited data available for the cohort.”
Loomis et al. (2010) stated that “The epidemiologic
data have several limitations, which have been discussed previously [10]. These include: inadequate
information on smoking … ” Elliott et al. (2012)
does not describe any smoking details of these
cohorts. This is despite the fact that cigarette
smoking remains the leading cause of preventable
chronic disease, disability, and death in the United
States, accounting for more than 480,000 deaths
every year, or approximately one in five deaths
(HSS 2020).
Approximately 90% of lung cancers in the
United States are caused by cigarette smoking
(Alberg and Samet 2003). Interaction between
cumulative asbestos exposure and smoking and
their combined effect on lung cancer risk has been
studied since the 1960s (Selikof et al. 1968; Saracci
1977; Hammond et al. 1979; Selikoff et al. 1979;

Selikoff et al. 1980; Berry et al. 1985; Erren et al.
1999; Liddell and Armstrong 2002; Yano et al.
2010). Markowitz et al. (2013) conducted a followup study on a subset of the cohort of insulation
workers previously studied by Selikoff et al. (1979)
and Hammond et al. (1979). The authors compared
lung cancer mortality rates among those that
underwent clinical examination between 1981 and
1983 (n ¼ 2,377) to lung cancer mortality rates
from “blue collar” workers studied in a separate,
but contemporaneous, cohort with no reported
asbestos exposure (Markowitz et al. 2013).
According to Markowitz et al. (2013), asbestos
exposure, in the absence of asbestosis, resulted in
a rate ratio of 3.6 (95% CI: 1.7–7.6); smoking in the
absence of asbestos exposure resulted in a lung
cancer rate ratio of 10.3 (95% CI: 8.8–12.2).
However, most importantly, in the absence of
asbestosis, asbestos exposure in combination with
smoking resulted in a lung cancer rate ratio of 14.4
(95% CI: 10.7–19.4). This would have severe implications for any study that attempted to correlate
asbestos exposures with lung cancer mortality,
without correcting for smoking rates.
Therefore, by not having an adequate understanding of and not correcting for smoking in the
Hamra et al. (2017) article, in our opinion, this article suffers from severe methodological flaws that
should have prevented the EPA from relying on it
to draw conclusions regarding the alleged carcinogenic effects of short asbestos fibers.
Additionally, the EPA failed to acknowledge the
findings of articles going back decades that demonstrate that short fiber chrysotile asbestos lacks
biologic potency to cause mesothelioma or lung
cancer. It has been known since the early 1970s
that long, thin fibers present a greater risk of disease than shorter fibers (Stanton 1973; Stanton
et al. 1977; Lippmann 1988; ATSDR 2002; Eastern
Research Group 2003a, 2003b).
The ‘Stanton hypothesis’ states that the optimum fiber morphology for inducing intrapleural
tumors by injection and implantation in animal
models is a diameter of  0.25 mm and length of
> 8 mm (Stanton et al. 1981). Upon inhalation,
asbestos fibers interact with macrophages and pulmonary epithelial cells (Mossman and Churg 1998);
with both short and long asbestos fibers stimulating the release of O2 and H2O2 from alveolar
macrophages and neutrophils (Kamp and
Weitzman 1999). Macrophages are able to phagocytize short asbestos fibers efficiently, while longer
asbestos fibers results in frustrated phagocytosis,
which leads to a continuous overproduction of
O2 (Pott 1978; Mossman and Churg 1998; Kamp
and Weitzman 1999). Retention of the long asbestos fibers in the lung is believed to lead to the
development of disease (ATSDR 2002; Eastern
Research Group 2003b; Berman and Crump 2008a;
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Berman and Crump 2008b).
In 2002, The Agency for Toxic Substances and
Disease Registry sponsored the convening of an
expert panel to address the influence of fiber
length on asbestos-related health effects (ATSDR
2002). These panelists were asked to comment on
the physiological fate, as well as non-carcinogenic
and carcinogenic health effects associated specifically with asbestos and synthetic vitreous fibers less
than 5 lm in length. Overall, the ATSDR-sponsored
“panelists agreed that there is a strong weight of
evidence that asbestos and short vitreous fibers
shorter than 5 lm are unlikely to cause cancer in
humans” based on “findings from epidemiologic
studies, laboratory animal studies, and in vitro genotoxicity studies, combined with the lung’s ability
to clear short fibers” (Eastern Research Group
2003b).
As noted previously, the EPA contracted the
preparation of a technical support document to
establish a protocol to assess asbestos-related disease versus fiber length (Berman and Crump 2003).
Based on modeling results presented in the technical support document, Berman and Crump concluded that the best estimate of risk for
mesothelioma for fibers between 5 and 10 lm in
length was one three-hundredth of the risk
assigned to fibers longer than 10 lm. The authors
explained that “results from [their] review of the
supporting literature suggest that the optimum
cutoff for increased potency occurs at a length
that is closer to 20 lm [rather] than 10 lm.”
Further, Berman and Crump (2003) reported that
the best estimate of the potency of fibers shorter
than 5 lm for mesothelioma is zero. A second
expert panel convened by the U.S. EPA agreed that
the risk associated with fibers less than 5 lm in
length is “very low and could be zero” (Eastern
Research Group 2003b).
In conclusion, there are decades of asbestos,
smoking, and lung cancer research that put into
question the claims by Hamra et al. (2017) regarding the evidence that unregulated asbestos fibers
have a meaningful effect on lung cancer mortality.
Comment submitted to the Agency: The EPA failed to
recognize or consider 16 epidemiology studies and
three meta-analyses of auto mechanics. They happen to
be an ideal cohort for evaluating the risks of exposure
to brake dust and gaskets. If they had considered the
studies, they would have found, based on a weight of
the evidence approach, that no increased risk of mesothelioma is present in these workers (Garabrant et al.
2016; Paustenbach and Brew 2020).
a. EPA’s Response: “Following the SACC recommendation, EPA evaluated the quality of the studies of
auto-mechanics for both lung cancer and mesothelioma and found deficiencies in exposure
assessment and other aspects of the design of
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these studies (see Supplemental File to this
Summary of Comments and Disposition).
Therefore, those studies (and published meta-analyses based on these studies) are not appropriate
to be included in Part 1 of the Risk Evaluation for
Asbestos” (EPA 2020c, p. 153–154).
b. Note: The majority of comments indicating deficiencies in the exposure data or epidemiologic
studies regarding vehicle mechanics appear to
have been offered by persons who did not understand the quality of those studies. These data were
sufficiently abundant and important to this EPA
analysis that a separate committee of qualified
experts should have been formed to evaluate them.
Up until this risk evaluation, the EPA had embraced
the government’s papers on this topic (Dement
1972; Johnson et al. 1979; Roberts 1980b; Roberts
1980a; Roberts and Zumwalde 1982; Sheehy et al.
1989) and they were not particularly concerned
about the toxicology of brake wear debris, as it was
converted to forsterite (Jacko et al. 1973; Rowson
1978; Williams and Muhlbaier 1982).
American cars converted at least 99% of the
asbestos in the brake pads and linings to forsterite
or related compounds, due to the intensity of the
heat and pressure from braking (Lynch and Ayer
1968; Hatch 1970; Hickish and Knight 1970;
Anderson 1973; Davis and Coniam 1973; Rowson
1978; Williams and Muhlbaier 1982; Cha et al. 1983;
Sheehy et al. 1989; Spencer 2003; Paustenbach
et al. 2004; Boelter et al. 2007; Madl et al. 2009).
Dr. Langer of NYU conducted a chemical analysis
of brake wear debris. He noted that "Using heating
studies and milling as an approximation of thermal
and mechanical shear stress that chrysotile is subjected to on a brake lining, biological blunting is
shown to begin much earlier than the olivine transformation process. Minimal degradation of the
chrysotile surface structure imparts a disproportionately great effect on its biological activity" (Langer
2003). Dr. Langer’s hypotheses were confirmed in
two studies conducted in 2014 and 2015 (Bernstein
2014; Bernstein et al. 2015). It was reported that
"These results provide the support that brake-dust
derived from chrysotile containing brake drums
would not initiate a pathological response in the
lung or the pleural cavity following short term inhalation" (Bernstein et al. 2015). Thus, the available
information is that even the few fibers that were
sometimes found in the breathing zone in various
studies of mechanics in the 1960s and 1970s, likely
had little or no carcinogenic potency.
Comment submitted to the Agency: It seemed
unnecessary and inappropriate to have EPA once again
conduct this risk assessment since they have commissioned two evaluations previously, and there have been
no less than a dozen published papers that support the
conclusions of those panels regarding the virtual lack
of potency of chrysotile to produce mesothelioma. EPA
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should not use the word asbestos as if it were a family
of similar fibers, as they are not remotely similar in
potency (Berman and Crump 2003, p. 2003; Langer
2003; Korchevskiy et al. 2019; Bernstein et al. 2020a,
2020b). Chrysotile, amosite, crocidolite, tremolite, and
anthophyllite all have different chemical structures, all
have different iron content, and all have different solubilities in lung tissue fluids (Korchevskiy et al. 2019;
Paustenbach and Brew 2020).
a. EPA’s Response: “EPA clarified that Libby
Amphibole Asbestos IUR and 1986 IUR are not directly comparable to each other or with IUR for
commercial chrysotile derived in this Risk
Evaluation. Footnote 4 states ‘It is important to
mention that the methodology involved in risk
characterization has evolved over time and the
existing EPA IURs for other asbestos types (EPA
(2014, 1986) estimated risks of cancer mortality
and did not account for the risk of other cancers,
and the 1986 IUR did not adjust for mesothelioma
under-ascertainment
“EPA evaluated quality of cohorts and used only
cohorts that are exposed to commercial chrysotile
asbestos. It should be noted that SACC supported
use of these cohorts and did not suggest use of
amphibole-exposed cohorts in this assessment”
(EPA 2020c, p. 165).
b. Note: The Agency did not directly respond to
our comment.
Comment submitted to the Agency: The serpentine
fibers have a biological half-life in the lung that is dramatically shorter than the amphibole fibers (Bernstein
2005). Amphibole fibers, depending on length, can
have a half-life in the lung as long as one decade
(Bernstein et al. 2011). Many believe that this is yet
another explanation for the negligible cancer potency
of chrysotile in both animals and humans (Paustenbach
and Brew 2020).
a. EPA’s Response: The agency failed to address this
comment. Instead, they stated that “the Bayesian
analysis by Hamra et al. (2017) shows that shorter
fibers also have cancer risk.” The agency also clarified that “for the purposes of the asbestos risk
evaluation, EPA adopted the TSCA Title II definition
of asbestos which is the “asbestiform varieties of
six fiber types–chrysotile (serpentine), crocidolite
(riebeckite), amosite (cummingtonite-grunerite),
anthophyllite, tremolite or actinolite. EPA is only
evaluating the asbestiform varieties of these mineral fibers” (EPA 2020c, p. 246).
b. Note: The data in the toxicology literature regarding the lack of biologic activity of short fiber
chrysotile has been known for decades (Stanton
1973; Platek et al. 1985; Lippmann 1988; Eastern
Research Group 2003b; Berman and Crump 2008a;
Berman and Crump 2008b; Pierce et al. 2016;
Barlow et al. 2017). In 1974, Wagner and colleagues published their classic study exposing rats
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to amosite, anthophyllite, crocidolite, Canadian
chrysotile, and Rhodesian chrysotile for one day,
three months, six months, 12 months, and 24
months (Wagner et al. 1974). While they demonstrated that all of these fibers could produce
asbestosis and lung tumors in rats, the exposure
concentrations were approximately 100,000 times
higher than the current OSHA PEL of 0.1 f/cc on an
eight-hour time-weighted-average (TWA) basis.
Further, the chemical differences among the
fiber types and their half-life in the lung are markedly different (Garabrant and Pastula 2018;
Korchevskiy et al. 2019). In our view, this did not
receive adequate consideration by the EPA. The
EPA repeatedly relied on the paper by Hamra et al
(2017), which contained a large amount of interesting information, the vast majority of which is irrelevant to characterizing the hazard to those exposed
to encapsulated chrysotile fibers like those associated with brake or gasket work of the 1940–1980s.
In our view, and as discussed above, the conclusions in the Hamra et al. (2017) paper are not relevant to short chrysotile fibers filled with
phenolic resin.
Comment submitted to the Agency: The agency
relied on the linearized multistage model to derive the
IUR for chrysotile. The approach involved fitting a risk
model to available exposure-response data from epidemiological studies of workers exposed to asbestos.
The Agency seems to have performed its dose extrapolation using the method of Maximum Likelihood
Estimation (MLE), assuming that the observed number
of cases in a group is a random variable described by
the Poisson distribution. Given the likely mode of
action of chrysotile asbestos and the fact that there is
mesothelioma in background populations, it seems
inappropriate to have used the LMS model, which
assumes no risk at zero dose, to identify the cancer
slope factor (Paustenbach and Brew 2020).
Beyond this, the Agency stated in its draft risk evaluation that “Once the cancer-specific lifetime unit risks
are obtained, the two are then combined. It is important to note that this estimate of overall potency
describes the risk of mortality from cancer at either of
the considered sites and is not just the risk of an individual developing both cancers concurrently. Because
each of the unit risks is itself an upper bound estimate,
summing such upper bound estimates across mesothelioma and lung cancer mortality is likely to overpredict the upper bound on combined risk. Therefore,
following the recommendations of the Guidelines for
Carcinogen Risk Assessment (EPA 2005), a statistically
appropriate upper bound on combined risk was derived
as described below. To the best of our knowledge, no
regulatory agency or scientific body has ever proposed
a cancer potency factor for asbestos by combining different cancer types (EPA 2020b, p. 151).
a. EPA’s Response: “Following SACC recommendation, EPA used linear model fit from North Carolina
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cohort in its chrysotile asbestos IUR derivation
based on NC cohort. EPA provided all modeling
results (linear and exponential fit for lung cancer
data) for comparison in Table 3–12 illustrating
changes in PODs and risks. EPA was not able to
obtain data for pooled analysis of mesothelioma
data. EPA does not agree with commenters proposing relative risk model for mesothelioma,
because the SACC recommended that EPA use
absolute risk model and EPA followed EPA cancer
guidelines in its low-dose extrapolation, as indicated by expanded MOA discussion (SACC recommendation 94), which indicated appropriateness of
linear extrapolation” (EPA 2020c, p. 175).
Note: Based on the available information, the
authors believe it is inaccurate to say that
“Following SACC recommendation, EPA used linear
model fit from North Carolina cohort in its chrysotile asbestos IUR derivation based on NC cohort,”
as based on the senior author’s personal communication with a member of the SACC panel. There
were several panel members who felt strongly that
the LMS model was inappropriate to use with
chrysotile and this cohort (Paustenbach 2021).
We urge the Agency to be cautious about
applying any variation of the linearized multistage
(LMS) model to estimate the risks of low dose
exposure for short chrysotile fibers. Currently, the
specific mechanism of carcinogenesis from exposure to chrysotile asbestos is not firmly established,
and an association between exposure and a recurrent signature for pleural mesothelioma has not
been identified (Bueno et al. 2016; Hylebos et al.
2016; Casalone et al. 2018; Hmeljak et al. 2018;
Lorenzini 2021). There is also evidence that both
pleural mesothelioma and lung cancer can
undergo epigenetic modifications (i.e. those that
are not related directly to nucleotide sequences
(DNA) of the genome) (Toyooka et al. 2008;
ska et al. 2013;
Christensen et al. 2009; Brzezian
Reid 2015). Further, there is ample evidence that
the excess lung cancer from exposure to asbestos
occurs with fibers longer than 20 lm (Lippmann
2014).
Based on the weight of scientific evidence,
there is a strong belief that the mechanism of
action for asbestos involves chronic inflammation,
combined with cellular toxicity and repair that
leads to the generation of reactive oxygen species
and DNA damage, rather than direct interaction
with DNA (Huang et al. 2011a; Barlow et al. 2013).
This implies that there exists a threshold and that
cellular damage only occurs at exposure concentrations high enough to overwhelm cellular defense
mechanisms. The linear model that the Agency
used in its risk evaluation is primarily intended for
genotoxic carcinogens and not those that act
through a mechanism similar to asbestos (Huang
et al. 2011b; Barlow et al. 2013). If the Agency had
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followed its own guidelines for assessing carcinogens, it is the author’s view that the Agency would
not have relied on a linear model, but would have
utilized a threshold model instead (EPA 2005).

Select comments made by scientists questioning the
agency’s views - affiliations in parentheses
1.

Comment by Drs. Mezie, Moolgavkar, and Mowat
(Exponent, Inc): “The major omission of relevant scientific data is the failure to consider the numerous epidemiologic studies of occupations in which low-level
exposure to chrysotile asbestos occurs. We note that
risk assessments for low-level exposures in specific
occupations based on mathematical extrapolations
from studies at high levels of exposure are of dubious
interest when there are multiple, well-conducted epidemiologic studies of the occupations in question. The
EPA has ignored the numerous epidemiologic studies
reporting no increased risk of either lung cancer or
mesothelioma in occupations exposed to low levels of
chrysotile asbestos” (Mezie et al. 2020).
a.

b.

EPA’s Response: “Following the SACC recommendation, EPA evaluated the quality of the studies of
auto-mechanics for both lung cancer and mesothelioma and found deficiencies in exposure
assessment and other aspects of the design of
these studies” (EPA 2020c, p. 153).
Note: The Agency and SACC were incorrect regarding the perceived inadequacies of these epidemiology studies. The EPA seem to have relied on the
comments of two panel members, who have
served as plaintiff experts on this matter, in concluding the exposure and epidemiology studies
were fatally flawed. There are at least 20 epidemiology studies that uniformly report no increased
risk of developing mesothelioma among vehicle
mechanics and others who historically worked with
chrysotile asbestos containing brakes (McDonald
and McDonald 1980; Teta et al. 1983; Spirtas et al.
1985; J€arvholm and Brisman 1988; Hansen 1989;
Gustavsson et al. 1990; Spirtas et al. 1994;
Woitowitz and Rodelsperger 1994; Teschke et al.
1997; Agudo et al. 2000; Hansen et al. 2003; Hessel
et al. 2004; Rolland et al. 2005; Welch et al. 2005;
Rake et al. 2009; Aguilar-Madrid et al. 2010; Merlo
et al. 2010; Rolland et al. 2010; Borre and
Deboosere 2015; Tomasallo et al. 2018).
Additionally, when smoking was considered and
controlled among mechanics, there are 12 casecontrol studies (Williams et al. 1977; Lerchen et al.
1987; Benhamou et al. 1988; Vineis et al. 1988;
Morabia et al. 1992; Swanson et al. 1993; Matos
et al. 2000; Richiardi et al. 2004; MacArthur et al.
2009; Consonni et al. 2010; Corbin et al. 2011;
Guida et al. 2011) and two cohort studies (Hrubec
et al. 1992; Hrubec et al. 1995) that report no
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increased risk of lung cancer among these workers,
compared to the general population. A careful
review of these data sets shows that they were far
superior to using the textile worker data (Dement
et al. 1994; Hein et al. 2007; Loomis et al. 2009;
Elliott et al. 2012; Loomis et al. 2019) to predict
low-level exposure to encapsulated chrysotile that
the EPA alleged was occurring in 2020. This also
reflects the inadequacy of the EPA’s systematic
review process that the NAS report identified
(National Academies of Sciences 2021).
Comment by Dr. Goodman, Mr. Dodge, Dr. Bailey,
Dr. Prueitt, Mr. Peterson, Dr. Beck, and Ms. Engel
(Gradient): “US EPA derived an IUR for chrysotile asbestos by applying a linear-no-threshold (LNT) model from
the point of departure (1% benchmark risk) from two
chrysotile occupational epidemiology studies (i.e. Elliott
et al. 2012; Loomis et al. 2019) and exposure-response
models with the best fit. The LNT model likely considerably overestimates the cancer potency of chrysotile
asbestos. Regarding DNA-reactive substances, many
recent scientific papers indicate that the small increase
in DNA damage that might occur from very low exposures, in addition to the already high levels of
endogenous DNA damage, should not overwhelm DNA
repair capacities (Cardarelli and Ulsh 2018). This indicates a practical threshold exists even for DNA-reactive substances.

Second, the SACC did not issue their own report;
we have only the EPA summary. There were many
different views expressed by the panel, so it is not
accurate to say that the panel reached a conclusion on this matter (Paustenbach 2021). Third, it
would have been more appropriate, given the
likely mechanism of action for chrysotile asbestos
(Huang et al. 2011a; Barlow et al. 2013), to have
presented several different results of various models, including those with a threshold, and have the
recommended smaller panel of experts discuss the
merits of each model.
As NIOSH stated in its recent policy on chemical carcinogens:
“In general, previous guidelines were premised on an assumption
that it was not scientifically possible to predict safe levels of
exposure to carcinogens; therefore, risks at low doses (i.e. below
the observable range) have been estimated using linear
extrapolation. However, there is increasing scientific evidence that
the response at low doses of some carcinogens may be nonlinear
and may include a threshold. In these situations, simple linear
extrapolation at low doses may result in an overestimation of
cancer risk” (NIOSH 2017).
This is particularly true in scenarios where occupational exposures
occurred at low levels, such as those involving mechanics
working with chrysotile asbestos containing products, and where
there is a large body of epidemiologic data that provides
essential information relevant to risk.

3.

For substances that do not directly interact with DNA, an
LNT model is even less biologically plausible. Although the
specific
mechanism
of
chrysotile-asbestos-induced
carcinogenesis is not established, the evidence is generally
supportive of a mode of action involving chronic
inflammation and cellular toxicity and repair that leads to
the generation of reactive oxygen species and DNA
damage, rather than direct interaction with DNA (Huang
et al. 2011a). This threshold mechanism can only occur at
exposure concentrations high enough to overwhelm
cellular defense mechanisms.
“Pierce et al. (2016) derived ‘best estimate’ chrysotile
no-observable-adverse-effect levels (NOAELs) of 208 to 415
f/cc-years for mesothelioma and 89 to 168 f/cc-years for
lung cancer that can be applied as thresholds in chrysotile
cancer risk evaluations. US EPA did not discuss Pierce et al.
(2016) or acknowledge a possible threshold mode of
action for chrysotile” (Goodman et al. 2020)

a.

b.

EPA’s Response: “EPA does not agree with commenters proposing relative risk model for mesothelioma, because the SACC recommended that
EPA use the absolute risk model and EPA followed
EPA cancer guidelines in its low-dose extrapolation,
as indicated by expanded MOA discussion (SACC
recommendation 94), which indicated appropriateness of linear extrapolation” (EPA 2020c, p. 175).
Note: This topic is sufficiently important that a
new and smaller panel of experts should have
been convened to evaluate it. As noted previously,
it is not scientifically adequate for the EPA to
repeatedly say, “per the SACC recommendation,”
we adopted their suggestion. First, that is not a
proper characterization of what the SACC said.

4.

Comment by American Chemical Council: “EPA Needs
to Clarify Certain Aspects of Its Data Screening and
Data Evaluation Decisions in the Asbestos Risk
Evaluation to Demonstrate Use of Best Available
Science. Several times in the Systematic Review (section
1.5 of the asbestos draft risk evaluation), EPA distinguishes certain aspects of this review from those conducted in previous TSCA draft risk evaluations. While
for the most part, EPA justifies these differences by
references to the still-evolving nature of its approach to
a systematic review (as noted in its Application of
Systematic Review in TSCA Risk Evaluations document),
some of these differences need further clarification to
demonstrate that EPA is basing its decisions on best
available science” (Walls 2020).
a. EPA’s Response: No acknowledgment or response
from the EPA on this comment.
b. Note: While the Agency did not address this comment, the NAS report did identify this as a major
shortcoming of the EPA’s systematic review process (National Academies of Sciences 2021).
Comment by Mr. Beckett, Mr. Miller, Dr. Pierce, and
Dr. Finley (Cardno ChemRisk): “EPA considered the
central tendency, short-term exposure value (0.006 f/cc)
to be representative of the “central tendency” eight
hour TWA exposure value for occupational brake repair
work (EPA 2020, p. 95). To justify this approach, EPA
indicated that this ‘median short term exposure level
could persist for an entire workday’ based on the
assumption that brake repair mechanics ‘may conduct
40 brake repair jobs per week,’ or an average of 8 brake
jobs per workday” (Beckett et al. 2020).
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EPA’s Response: “EPA has updated Section
2.3.1.7.5 to clarify how central tendency exposure
estimates were derived for the aftermarket automotive parts condition of use. That text reads: ‘The
central tendency short-term TWA exposure value
for workers is based on the seven studies found to
include relevant measurements. For each study,
EPA identified the central tendency short-term
exposure, which was either reported by the
authors or inferred from the range of data points,
and the value in Table 2 15. (0.006 fibers/cc) is the
median of those central tendencies from those
seven studies. Thus, three of the studies reported
central tendency concentrations lower than 0.006
fibers/cc, one reported a central tendency concentration of 0.006 fibers/cc, and the other three studies reported higher exposure concentrations” (EPA
2020c, p. 89–90).
b. Note: The EPA’s approach is inaccurate.
Extrapolating an eight-hour time-weighted average
(TWA) exposure from short-term exposure values is
imprecise and unnecessary since numerous eighthour TWA exposure values for occupational brake
work have been published in the literature (Hickish
and Knight 1970; Dement 1972; Johnson et al.
€delsperger
1979; Roberts 1980b; Roberts 1980a; Ro
et al. 1986; Moore 1988; Sheehy et al. 1989; Plato
et al. 1995; Yeung et al. 1999; Weir et al. 2001;
Blake et al. 2003; Paustenbach et al. 2003; Madl
et al. 2008; Richter et al. 2009). The seven studies
(Cooper et al. 1987; Godbey et al. 1987; Sheehy
et al. 1987a; Sheehy et al. 1987b; Cooper et al.
1988; Blake et al. 2003; Madl et al. 2008) that the
EPA noted to have “relevant measurements” were,
in fact, entirely unrepresentative of the body of literature on the topic, as they excluded a multitude
of relevant data sets.
It appears that the Agency misunderstood how
long it takes to perform a brake job and the percentage of the week a mechanic normally does
them. For a typical mechanic, we believe that a
high-end number for brake jobs per week is 4–5
and that 40 brake jobs per week is implausible
(discussed in Finley et al. 2007).
Comment by Mr. Beckett, Mr. Miller, Dr. Pierce, and
Dr. Finley (Cardno ChemRisk): “In its draft risk evaluation, EPA applied a multiplier of 1.39 to adjust the risk
of deaths from mesothelioma based on the assumption
that the deaths would be undercounted (EPA 2020, p.
150–151). The 1.39 value comes from Table 3 of
Kopylev et al. (2011), which reports the mean, median,
5th, and 95th percentile of the ‘Distribution of Ratio of
Posteriors with Adjustment and without Adjustment for
Under ascertainment of Mesothelioma’ when the specific
misdiagnoses of mesothelioma approach is used.
a.

5.

“While the mean ratio of the posterior distribution is 1.39, it
was not statistically significantly different than 1. In fact, it was
estimated with 90% probability that the true ratio is between
0.80 and 2.17. Thus, the possibility of over-counting
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mesothelioma cases also exists. Furthermore, Loomis et al. (2019)
attempted to reduce undercounting of mesothelioma by
examining death certificate data for any mention of
mesothelioma and for codes often used before there was a
specific ICD code for mesothelioma. Therefore, without specific
evidence of undercounting of mesothelioma among the textile
studies, EPA has no basis to assume this occurred” (Beckett
et al. 2020).

a.

EPA’s Response: “According to other SACC recommendations, EPA changed its approach to use
North Carolina data in chrysotile IUR calculations
and used post-1999 data in the analysis. For reasons articulated by this SACC recommendation,
mean under-ascertainment factor (1.39) is more
appropriate for this situation, and EPA continued
to use this factor.
As to suggestion by a public commenter of a relative
risk model, EPA has used an absolute risk model for
mesothelioma since 1986, and SACC found this
model appropriate to use (see comment 4.31).
“EPA clarifies that the perception of lack of
significance is a misunderstanding that this is an
adjustment factor and testing of a statistical hypothesis
is thus, not appropriate” (EPA 2020c, p. 187).

b.

Note: The EPA’s note is mainly non-responsive to
this comment and references “other SACC recommendations,” which remain unspecified. The Agency
does not justify the approach of using a 1.39 multiplier for mesothelioma deaths when the literature
suggests there is also a possibility of over counting.
Further, as noted in the original comment, even the
authors from which the EPA derived its value of
1.39, found that the mean distribution ratio was not
statistically different from 1, with the estimated 90%
probability that the true ratio was between 0.80
and 2.17 (Kopylev et al. 2011).
Additionally, as Dr. Garabrant stated in
his comments,
EPA’s method for correcting for underascertainment
of mesothelioma, in which it multiplied the
mesothelioma mortality in the North Carolina and
South Carolina asbestos textile cohorts by a factor of
1.39, was derived from a study of asbestos workers
from Libby, Montana (Kopylev 2011) who were
exposed to amphibole asbestos. The method for
deriving the correction factor of 1.39 was highly
dependent on assumptions about the number of
missed mesothelioma cases, particularly peritoneal
mesotheliomas. Insofar as peritoneal mesotheliomas
are rarely, if ever, seen among chrysotile-exposed
cohorts, this correction factor is inappropriate for use
in chrysotile asbestos risk assessment. EPA provided
no justification for using it in this DRE. Kopylev
provided another, smaller correction factor based
solely on underestimation of mesothelioma cases on
death certificates, and not on the number of missed
peritoneal mesothelioma cases. EPA chose not to use
that smaller correction factor, even though, according
to its own reliance materials (Kopylev 2011), it would
have been more appropriate.
More importantly, Kopylev cautioned “The mean
ratio of 1.39 implies that the estimated risk of
exposure to the Libby amphibole asbestos would be
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approximately 1.4 times larger if all decedents for
whom medical information and pathology samples
would have supported a diagnosis of mesothelioma
had been identified.” (Kopylev 2011) Herein lies a
grave error in EPA’s methods: it invoked an
implausible correction factor to deal with possible
mesothelioma underascertainment in the North
Carolina and South Carolina textile cohorts, while it
ignored the studies of the Quebec chrysotile asbestos
miners (Liddell 1997) and Balangero chrysotile
asbestos miners (Ferrante 2020; Pira, 2017) in which
all decedents for whom medical information and
pathology samples supported a diagnosis of
mesothelioma were identified, and in which
underascertainment of mesothelioma cases was not
an issue. (I have discussed EPA’s inappropriate
exclusion of the Quebec and Balangero chrysotile
asbestos miners and refuted EPA’s decision above.)
Thus,
EPA’s
correction
for
mesothelioma
underascertainment was not only unnecessary, it was
erroneous.
EPA’s correction for potential underascertainment
problems could have been obviated if EPA had
simply used a relative risk model for mesothelioma,
as it did for lung cancer. No correction factor for
mesothelioma underascertainment would have then
been needed (Garabrant 2020).

6.

7.

Comment by Drs. Roggli and Sporn (Duke
University Medical Center): “The EPA draft assessment
notes that the estimated risks of death are conservative
because they have not considered non-neoplastic
asbestos-related diseases in their analysis. It is well recognized that there is a threshold of exposure to asbestos associated with the disease asbestosis. There is no
convincing evidence that the low levels of exposure
considered in the current document cause or contribute to any level of asbestosis, let alone the levels that
result in fatal pulmonary fibrosis. With respect to
benign asbestos-related pleural diseases, only diffuse
visceral pleural fibrosis has been associated with mortality, and then only rarely. There is no evidence that
the levels of exposure considered in this document
cause or contribute to fatal diffuse visceral pleural
fibrosis” (Roggli and Sporn 2020)
a. EPA’s Response: The EPA was not directly responsive to this comment
Comment by The Chlorine Institute: “EPA notes in
lines 2319–2323 of the Asbestos Notice an estimate of
potentially exposed janitorial staff. Only separate, nonprocess area breakrooms or office space, which are designated clean areas, are cleaned by non-operator janitorial staff, at most once a day. The 100 ONUs stated in
the draft Risk Evaluation overestimates janitorial staff
for the 10 plants (Asbestos Notice p. 66; line
2320–2323). EPA’s assumption that ONUs are exposed
to asbestos for eight-hours/day, 250 days/year is
inaccurate for the reasons discussed here and greatly
overestimates any potential time spent around a
restricted area. All janitorial-like housekeeping activities
in asbestos process areas within the restricted areas are
handled by the workers who perform the asbestos-
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handling tasks with appropriate PPE in compliance with
site procedures” (Brooks 2020)
a. EPA’s Response: “For the Chlor-alkali ONU exposure estimate in Part 1 of the Risk Evaluation for
Asbestos, EPA made several assumptions including
the assumption that workers not directly handling
asbestos may access the work area and ONU
exposure concentration is comparable to the area
monitoring result. It is possible that workers not
related to Chlor-Alkali production may be trained
on asbestos so that they could access the work
area for tasks unrelated to Chlor-Alkali” (EPA 2020c,
p. 68–69).
b. Note: The authors recommend that the EPA should
review its own data regarding the alleged exposures of workers in the chlor-alkali industry. As
stated in the Risk Evaluation for Asbestos Part 1:
Chrysotile Asbestos, workers in this industry wear
respiratory protection (EPA 2020b, p. 26; 79) and
based on the data presented the measured exposures were de minimus compared to the OSHA PEL
(EPA 2020b, p. 83–85).
Comment by Dr. Garabrant (University of Michigan,
Ann Arbor): “It is inappropriate to base the DRE for
Aftermarket Auto Brakes and Clutches on high exposure
to long fiber asbestos used in textile manufacturing
while ignoring risks to workers engaged in brake and
clutch repair who have low exposures to short
fiber asbestos.
“EPA bases its DRE on the inhalation unit risk (IUR) derived
from studies at high exposure levels that are extrapolated to
low exposure levels using theoretical models. Moreover,
asbestos textile manufacturing, such as in the North Carolina
and South Carolina textile plants, preferentially used long
asbestos fibers, whereas friction product manufacturing
(brakes and clutches) preferentially used short asbestos fibers.
It is inappropriate to base the AAABL DRE on risks derived
from long fiber exposures rather than short fiber exposures,
and on mixed chrysotile/amphibole exposures rather than on
only chrysotile exposures” (Garabrant 2020)

a.

b.

EPA’s Response: “EPA agrees with SACC that N.C.
and S.C. cohorts have best exposure data, and it is
appropriate to focus on these cohorts. Following
SACC and public comments recommendations, EPA
evaluated the quality of studies of auto-mechanics
suggested by SACC and public comments for both
mesothelioma and lung cancer and found deficiencies in exposure assessment and other aspects of
the design of these studies” (EPA 2020c; p. 149).
Note: As mentioned previously, the SACC members that commented on this matter are entirely
misinformed about the quality of the exposure and
epidemiology studies of the vehicle mechanics.
In the authors’ opinion, for the exposure assessment studies to be inadequate, one would have to
discount the National Institute for Occupational
Safety and Health (NIOSH) studies that were conducted from 1972 through 1989 that investigated
vehicle brake servicing operations in the United

CRITICAL REVIEWS IN TOXICOLOGY

States (Dement 1972; Johnson et al. 1979; Roberts
1980b; Roberts 1980a; Roberts and Zumwalde
1982; Sheehy et al. 1989), which was a relevant
time period for when chrysotile asbestos exposures
could plausibly have occurred.
The consistency among the independent 8-h
TWA airborne asbestos concentrations among
these studies indicates substantial similarities in
brake repair operations and the asbestos content
in brake linings. However, it is unclear if the aforementioned NIOSH studies considered all of the
activities typically associated with brake repair
work (e.g. handling the brake box; various machining activities; sweeping/cleaning the work area
after brake work is completed). As such, several
researchers have since assessed the potential for
airborne asbestos exposure in brake service workers, resulting from specific tasks related to brake
maintenance and the handling of friction products
(Weir et al. 2001; Blake et al. 2003; Paustenbach
et al. 2003; Madl et al. 2008; Richter et al. 2009).
A major component of any possible exposures of
brake mechanics is acknowledging that at least 99%
of the chrysotile asbestos in brake pads and linings is
converted to forsterite or related compounds during
braking (Lynch and Ayer 1968; Hatch 1970; Hickish
and Knight 1970; Anderson et al. 1973; Davis and
Coniam 1973; Jacko et al. 1973; Rowson 1978;
Williams and Muhlbaier 1982; Cha et al. 1983; Sheehy
et al. 1989; Spencer 2003; Boelter et al. 2007; Madl
et al. 2009), and studies have shown that the chrysotile fibers found in the air from brake wear debris
lack the biologic activity of asbestos (Langer 2003;
Bernstein 2014; Bernstein et al. 2015; Boyles et al.
2019). Further, research has shown that chrysotile
asbestos, the only type of asbestos used in brakes, is
rapidly cleared from tissue compared to other forms
of asbestos, suggesting that it can be more effectively
removed by the body’s defense mechanisms
(Bernstein 2005; Bernstein and Hoskins 2006;
Bernstein et al. 2010; Bernstein et al. 2011;
Mossman et al. 2011; Bernstein et al. 2013;
Bernstein 2014; Bernstein et al. 2015; Bernstein et al.
2018; Bernstein et al. 2020a; Bernstein et al. 2020b;
Bernstein et al. 2021). Additionally, multi-dose 90day exposure rat inhalation studies have demonstrated fundamental differences in the lack of biopersistence and effective clearance and dissolution
of brake dusts and chrysotile asbestos from the
lungs, as opposed to more biologically persistent
amosite and crocidolite asbestos (Bernstein et al.
2020a; Bernstein et al. 2020b; Bernstein et al. 2021).
Thus, the available information indicates that even
the small quantity of chrysotile fibers sometimes
found in worker breathing zones in studies of
mechanics in the 1970s and 1980s had little or no
carcinogenic potency.
In terms of the epidemiology studies, the SACC
panel decided to narrowly focus on epidemiologic
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studies that provided quantitative exposure estimates
that would enable the calculation of an inhalation
unit risk (IUR), rather than focus on the weight of evidence from epidemiologic studies that show that
there is no increased risk of mesothelioma (McDonald
and McDonald 1980; Teta et al. 1983; Spirtas et al.
1985; J€arvholm and Brisman 1988; Hansen 1989;
Gustavsson et al. 1990; Spirtas et al. 1994; Woitowitz
and Rodelsperger 1994; Teschke et al. 1997; Agudo
et al. 2000; Hansen et al. 2003; Hessel et al. 2004;
Rolland et al. 2005; Welch et al. 2005; Rake et al.
2009; Aguilar-Madrid et al. 2010; Merlo et al. 2010;
Rolland et al. 2010; Borre and Deboosere 2015;
Tomasallo et al. 2018; Thomsen et al. 2021) or for
lung cancer, when it was controlled for smoking
(Williams et al. 1977; Lerchen et al. 1987; Benhamou
et al. 1988; Vineis et al. 1988; Hrubec et al. 1992;
Morabia et al. 1992; Swanson et al. 1993; Hrubec
et al. 1995; Matos et al. 2000; Richiardi et al. 2004;
MacArthur et al. 2009; Consonni et al. 2010; Corbin
et al. 2011; Guida et al. 2011), in vehicle mechanics.
Thomsen et al. (2021) recently evaluated the
long-term risk of mesothelioma, lung cancer, asbestosis, and other lung diseases and mortality in
Danish motor vehicle mechanics who had been
working since 1970. This study included 138,559
Danish vehicle mechanics (median age 24 years;
median follow-up 20 years (maximum 45 years)), and
found that compared to other Danish workers,
vehicle mechanics had a lower risk of morbidity due
to mesothelioma/pleural cancer (n ¼ 47 cases) (ageadjusted and calendar-year- adjusted HR ¼ 0.74
(95% CI 0.55 to 0.99)), a slightly increased risk of
lung cancer (HR ¼ 1.09 (95% CI 1.03 to 1.14)),
increased risk of asbestosis (HR ¼ 1.50 (95% CI 1.10
to 2.03)), and a chronic obstructive pulmonary disease risk close to unity (HR ¼ 1.02 (95% CI 0.99 to
1.05)) (Thomsen et al. 2021). The mesothelioma
results of this study were no surprise, as it supported
decades of epidemiological studies of vehicle
mechanics which found similar results (Wong 2001;
Goodman et al. 2004; Garabrant et al. 2016).
Regarding the findings of increased incidence of
asbestosis among mechanics, the authors were
aware that this was illogical given the magnitude of
exposure and the fact that it has never been previously reported. The authors offered several thoughts
about why this anomaly occurred including (1) misdiagnosis of idiopathic fibrosis as asbestosis, (2) diagnostic bias by occupational physicans beginning in
the mid-2000s, (3) sufficient cumulative exposures
during the 1950s–1970s to develop pathological
asbestosis, and/or (4) confounding factor of smoking
being associated with an increased risk of interstitial
fibrosis (Thomsen et al. 2021). Also, it would require
a special study to determine if the diagnostic criteria
used in Denmark had changed over the past several
decades, during which a tendency to label a questionable case as “possibly asbestosis” could have
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varied.
Per personal communications between Dr.
Paustenbach and a member of the SACC panel, the
SACC did not speak with one voice on nearly any
topic that they evaluated (Paustenbach 2021). As
such, it is inappropriate for the Agency to continually
state that they were relying on SACC comments
because the panelists either did not know the material, did not have adequate time to carefully consider
the public comments, or they failed to reach an
agreement on certain aspects of the risk evaluations.
In the authors’ opinions, to give credibility to the
EPA’s chrysotile risk evaluation, the Agency needs to
address the shortcomings identified in the 2021 NAS
report (National Academies of Sciences 2021), and
special panels should be convened which contain
published experts in the various specialties relevant
to this risk evaluation. When experts involved in litigation join these panels, they should make their published views well known, as well as their potential
conflicts of interest. The current EPA guidelines suggest that the three plaintiff experts should not have
served on the SACC panel due to conflicts of interest.
Comment by Dr. Garabrant (University of Michigan,
Ann Arbor): “EPA assumed the background risk of
malignant mesothelioma is zero. There is reliable evidence that there are other causes of malignant mesothelioma besides asbestos, and that malignant
mesothelioma occurs in the absence of known causes
(i.e. there is a non-zero background rate)”
(Garabrant 2020)
a. EPA’s Response: “EPA followed SACC recommendation by accounting for variable exposure for
North Carolina cohort. The new results are presented in Tables 3 and 4. Use of Peto model (without background exposure term) for mesothelioma
modeling is a longstanding Agency framework
(U.S. EPA 1986, 2014). In addition, use of variable
exposure obviates EPA modeling of NC mesothelioma data as variable exposure modeling are presented in Loomis et al. (2019). SACC agreed with
the EPA that the use of extra risk models is recommended by various Agency guidance (e.g. BMDS
Technical Guidance)” (EPA 2020c, p. 181).
b. Note: The authors did not find the EPA’s comment
to be responsive to Dr. Garabrant’s comment regarding the background incidence rate of mesothelioma.
The EPA’s assumption that there is a zero risk of
mesothelioma when there is zero asbestos exposure
is outdated with respect to the current scientific
understanding of cancer development and ignores
evidence that all cancers, including mesothelioma,
can and do develop spontaneously and without
exposure to environmental carcinogens. There is
convincing evidence that cancer incidence is
strongly correlated with the number of cellular divisions that a tissue has undergone (Tomasetti and
Vogelstein 2015; Tomasetti et al. 2017). Similar to
any other cancer, mesothelioma occurs due to the
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accumulation of mutations during cellular division.
As this process occurs spontaneously and continuously throughout a person’s life, it is logical to
assume that there is a background rate of mesothelioma in the population.
Price and Ware (2009) analyzed trends in the
National Cancer Institute’s (NCI) SEER data, and estimated that for men in the United States, approximately 70–75% of their mesotheliomas were
attributable to asbestos exposure, while for women,
it was only 3–10% (Price and Ware 2009).
Moolgavkar et al. (2009) estimated that the background lifetime risk of pleural and peritoneal mesothelioma, after adjusting for other-cause mortality, is
approximately three and one per 10,000 population,
respectively (Moolgavkar et al. 2009). Moreover, as
stated in Carbone et al. (2019), “As for any other cancer, irrespective of exposure and of inherited mutations, some mesotheliomas may occur because of
the inevitable accumulation of spontaneous mutations, as observed in mesotheliomas developing in
lions, cats, horses, dogs, birds, clams, sharks, etc.”
(Carbone et al. 2019).
Additionally, the weight of evidence demonstrates
that there are other causes and risk factors for mesothelioma, including age (La Vecchia et al. 2000;
Clements et al. 2007; Cree et al. 2009; Moolgavkar
et al. 2009; Girardi et al. 2014; Schonfeld et al. 2014;
Mensi et al. 2016), erionite exposure (Maltoni et al.
1982; Poole et al. 1983; Johnson et al. 1984; Wagner
et al. 1985; Carthew et al. 1992; Fraire et al. 1997;
Baumann and Carbone 2016; Attanoos et al. 2018;
Korchevskiy et al. 2019), genetic predisposition
(Wassermann et al. 1980; Brenner et al. 1981; Fraire
et al. 1988; Huncharek 2002; Kayatta et al. 2013;
Kanbay et al. 2014; Attanoos et al. 2018), and therapeutic ionizing radiation (van Kaick et al. 1999; Travis
et al. 2003; Travis et al. 2005; Tward et al. 2006;
Deutsch et al. 2007; Hodgson et al. 2007; Teta et al.
2007; De Bruin et al. 2009; Goodman et al. 2009;
Berrington de Gonzalez et al. 2010; Farioli et al. 2013;
Gibb et al. 2013; Schaapveld et al. 2015; SchubauerBerigan et al. 2015; Chang et al. 2017).
Comment by Dr. Garabrant (University of Michigan,
Ann Arbor): “EPA adopted inappropriate methods for
inferring values when measured fiber counts are below
the limit of detection and the shape of the fiber count
distribution is unknown. In these instances, EPA’s
inferred values systematically overestimate fiber counts”
(Garabrant 2020).
a. EPA’s Response: The Agency failed to address
this comment.

Select comments made by other individuals and
organizations - affiliations in parentheses
1.

Comment by Dr. Lemen (Emory University): “There is
no safe way to use asbestos, all fibers cause both
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2.

nonmalignant disease and cancer and there is no known
safe exposure below which there is no risk for all”
(Lemen 2020).
a. EPA’s Response: “Under TSCA section 6(b)(4)(D),
EPA is required to determine whether a chemical
substance presents unreasonable risks for the conditions of use without consideration of costs or other
non-risk factors. As such, TSCA does not require EPA
to make a finding of whether there is ‘no safe level’
of asbestos. As stated in Section 5.1 of Part 1 of the
Asbestos Risk Evaluation, for the purposes of making risk determinations for the conditions of use,
EPA uses 1106 as the benchmark for consumers
(e.g, do-it-yourself mechanics) and bystanders.
“In addition, consistent with the 2017 NIOSH guidance, EPA uses 1104 as the benchmark for individuals in industrial and commercial work
environments subject to Occupational Safety and
Health Act (OSHA) requirements. It is important to
note that 1104 is not a bright line, and EPA used
discretion to make risk determinations based on
other considerations including other risk factors,
such as severity of endpoint, reversibility of effect,
or exposure-related considerations” (EPA 2020c,
p. 170–171).
b. Note: The comment that there is no safe level of
exposure to asbestos is lacking in scientific merit. It
is the author’s opinion that there is a safe dose for
chrysotile asbestos, as there is for every other chemical known to mankind. This has been a bedrock
principal of toxicology since before the 16th century, and, despite claims made over the years,
asbestos is not a magical fiber that breaks the
known principles of toxicology. The claim that there
is no known safe dose is based on policy, not science. The exposure data and the epidemiology
studies of populations exposed to chrysotile asbestos (see references above) suggests that even if
chrysotile asbestos does have the capacity to cause
mesothelioma, the required doses are likely > 100
f/cc-years, and the fibers probably must be much
longer than 5 mm (likely closer to 25–40 mm in
length) and have greater than a 3:1 aspect ratio
(Berman and Crump 2003; Berman and Crump
2008a; Berman and Crump 2008b; Pierce et al. 2016).
Due to OSHA regulations, the vast majority of the
high-dose occupational exposures to chrysotile asbestos, in the United States, ended approximately 50
years ago. It is the author’s opinions that in the modern era, due to OSHA regulations (OSHA, 1994), that
there is no evidence that even dozens of persons are
currently exposed to chrysotile asbestos in new products, much less the hundreds that the Agency stated
in the final risk evaluation (EPA 2020b)
Comment by Dr. Dement (Duke University): “As part
of the risk assessment process EPA took into consideration possible reductions in inhaled dose due to use of
respirators. As a general rule of industrial hygiene practice, respirators are considered to be minimally effect, to
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be used as the last line of worker protection, and generally to be used as a short-term measure pending institution of more effective engineering and/or administrative
controls” (Dement 2020).
a. EPA’s Response: “EPA agrees that there are challenges associated with use of PPE; they are
described in Section 5.1. By providing risk estimates
that account for use of PPE, EPA is not recommending or requiring use of PPE. Rather, these risk estimates are part of EPA’s approach for developing
exposure assessments for workers that relies on the
reasonably available information (including information from the industry) and expert judgment. When
appropriate, EPA will develop exposure scenarios
both with and without engineering controls and/or
PPE that may be applicable to particular worker
tasks on a case-specific basis for a given chemical.
EPA did assess the risk to workers in the absence of
PPE, and those risks are presented in Section 4 Risk
Characterization under Table 4–55, Summary of Risk
Estimates for Inhalation Exposures to Workers and
ONUs by COU” (EPA 2020c, p. 236–284).
b. Note: For short-term use respirators have been
found to be highly effective, until effective engineering or regulatory controls can be implemented.
The National Institute for Occupational Safety and
Health (NIOSH) studies that were conducted from
1972 through 1989 (Dement 1972; Johnson et al.
1979; Roberts 1980b; Roberts 1980a; Roberts and
Zumwalde 1982; Sheehy et al. 1989) that investigated vehicle brake servicing operations in the
United States, and OSHA compliance studies that
were conducted from 1984 through 2011 (reviewed
in Cowan et al. 2015), showed that asbestos exposures to mechanics were generally well controlled
and under the contemporaneous PEL on a TWA
basis. This demonstrates that the engineering and
regulatory controls that have been in place for the
past 40 years at these facilities were generally protective of worker health.
Comment by Dr. Moline (Northwell Health): “The
omission of talc-based consumer and industrial applications from the draft evaluation is a significant gap
because of the likelihood that some grades of talc used
in these applications are contaminated by asbestos, putting consumers and workers at risk. EPA should include
these conditions of use in its risk evaluation. To assure
that their risks are assessed fully, it should also expand
the evaluation to include other known health impacts of
asbestos like ovarian cancer and address all fiber types,
not simply chrysotile” (Moline 2020).
a. EPA’s Response: “EPA is aware that talc originating
from certain sources and used in consumer and
industrial applications may contain asbestos.
However, considering the significant scope of evaluating the potential risks posed to individuals from
exposure to talc, it would be more appropriate to
evaluate talc (and any known or reasonably foreseen co-located asbestos therein) in a separate and
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subsequent risk evaluation focused on talc” (EPA
2020c, p. 25–26).
b. Note: We agree with the EPA that the topic of talc
is outside the scope of the EPA’s chrysotile asbestos
risk evaluation. Regarding the EPA’s response that
this should be addressed in a future risk evaluation,
the authors believe that it should be conducted
after the Agency addresses the methodological
shortcomings identified by the NAS (National
Academies of Sciences 2021).
Comment by Ms. Linda Reinstein and Mr. Robert
Sussman (Asbestos Disease Awareness Organization ADAO): “The draft evaluation does not address the risks
of legacy asbestos products despite a US court of
appeals decision requiring EPA to evaluate these risks.
Legacy asbestos is pervasive in US buildings and is a significant contributor to ongoing asbestos-related death
and disease. A comprehensive assessment of the risks of
asbestos to the US population is impossible without
accounting for exposure to legacy asbestos” (Reinstein
and Sussman 2020).
a. EPA’s Response: “As a result of the court decision
in Safer Chemicals Healthy Families v. EPA, 943 F.3d
397 (9th Cir. 2019), the Agency will evaluate legacy
asbestos uses and associated disposals of those uses
in Part 2 of the Risk Evaluation for Asbestos. For
Part 2, EPA plans to issue the following documents:
a draft supplemental scope document for public
comment, a final supplemental scope document, a
draft risk evaluation document for public comment
and a final risk evaluation document. Prolonging
finalization of the risk evaluation for chrysotile
asbestos (Part 1 of the Risk Evaluation for Asbestos),
by expanding the document to also evaluate legacy
uses (where only use and associated disposal is present) would significantly delay needed risk management to address COUs where unreasonable risk is
present for chrysotile asbestos” (EPA 2020c. p. 22).
b. Note: Legacy uses of pure chrysotile asbestos in
brakes and gaskets, while of greater magnitude in
the decades prior to the 1970s, presented relatively
limited, if any, risk to human health based on the
epidemiology data for mesothelioma (McDonald
and McDonald 1980; Teta et al. 1983; Spirtas et al.
1985; J€arvholm and Brisman 1988; Hansen 1989;
Gustavsson et al. 1990; Spirtas et al. 1994; Woitowitz
and Rodelsperger 1994; Teschke et al. 1997; Agudo
et al. 2000; Hansen et al. 2003; Hessel et al. 2004;
Rolland et al. 2005; Welch et al. 2005; Rake et al.
2009; Aguilar-Madrid et al. 2010; Merlo et al. 2010;
Rolland et al. 2010; Borre and Deboosere 2015;
Tomasallo et al. 2018; Thomsen et al. 2021) and
lung cancer (when smoking was considered and
controlled among mechanics) (Williams et al. 1977;
Lerchen et al. 1987; Benhamou et al. 1988; Vineis
et al. 1988; Hrubec et al. 1992; Morabia et al. 1992;
Swanson et al. 1993; Hrubec et al. 1995; Matos et al.
2000; Richiardi et al. 2004; MacArthur et al. 2009;
Consonni et al. 2010; Corbin et al. 2011; Guida et al.

2011).
Regarding the EPA’s response addressing “legacy
asbestos uses and associated disposal of those uses
in Part 2 of the Risk Evaluation for Asbestos” (EPA
2020b), the authors believe that it should be conducted after the Agency addresses the methodological shortcomings identified by the NAS (National
Academies of Sciences 2021).

The EPA’s use of the linear no threshold (LNT)
model of carcinogenesis
The linear no threshold (LNT) model of carcinogenesis contends that every exposure to a carcinogen contributes to a
cumulative, linear increase in the risk of developing cancer.
That is, the LNT model holds that cancer risk is directly proportional to exposure dose, even at extremely low levels
of exposure.
The LNT model is built upon five guiding scientific principles and assumptions, i.e. (1) One or two changes in cells can
transform and lead to cancer, (2) no population-based threshold due to heterogeneity, (3) a transformed cell is irreversibility propagated, (4) If the mode of action (MOA) involves
mutation no threshold assumed; if no MOA is identified and
cancer occurs, mutation is assumed, and (5) a single or few
molecules can cause mutation (Golden 2019). In the authors’
view, that while these assumptions might have been viable
when they were first proposed in 1928, none of them are
currently valid based on today’s expanded scientific knowledge. For more detailed information regarding the limitations of the LNT model, the authors refer readers to a 2019
special edition in Chemico-Biological Interactions by Drs.
Edward Calabrese and Robert Golden (Golden 2019).
Despite public comments highlighting research showing a
threshold almost certainly exists for chrysotile asbestos
(Beckett et al. 2020; Goodman et al. 2020; Mezie et al. 2020;
Mossman 2020; Paustenbach and Brew 2020; Price 2020;
Roggli and Sporn 2020), below which asbestos exposure is
unlikely to cause mesothelioma, the EPA rejected the notion
of a threshold response for asbestos based on “accepted
models for cancer” (EPA 2005) and the Agency’s perception
of the linear dose response model as being applicable to
chrysotile asbestos (EPA 2020b).
Plaintiff’s attorneys and experts use the LNT model to
argue that there is no safe level of exposure to chemical carcinogens and that there is no threshold below which exposure will not increase an individual’s risk of developing cancer.
This claim has been strongly asserted for all forms of asbestos by experts for the plaintiffs. Lawyers repeatedly claim
that “there is no safe dose with respect to asbestos and U.S.
regulatory agencies agree with this position.” However, in the
authors’ views, this is an outdated understanding of molecular biology that ignores decades of research demonstrating
that subcellular, cellular, organ, and whole-body defenses
exist that protect against endogenous and exogenous attacks
on DNA and physiological function. Logically, the application
of the LNT model to the real-world would mean that a single
exposure to any carcinogen (e.g. a single exposure to
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sunlight) has the capacity to cause cancer, which, if this was
a valid dose-response model, would have made the evolution
of life on Earth unlikely (Golden et al. 2019).
Given the insight obtained in recent years about the
abundance of mutations that occur each minute in humans
and the myriad of DNA repair mechanisms that exist, the
EPA’s application of the LNT model to chrysotile’s effects on
lung cancer and mesothelioma seems unnecessarily conservative and likely to seriously over-estimate true risk. With
respect to the chrysotile risk assessment, the EPA would do
well to convene a panel of asbestos experts who have
expertise in the mechanisms of cancer and the various repair
mechanisms so they can improve their approach for estimating the risks associated with low level exposure.

Academies of Sciences 2021), the EPA would be equipped
with the information needed to conduct a proper, scientifically sound risk evaluation of chrysotile asbestos. These proposed actions also incorporate requests made by some
panelists to the Agency based on issues deemed unaddressed by the EPA, along with problems raised by various
public commenters.
1.

2.

The impact of the EPA assessment on society
The authors generally support a ban on nearly all uses of
asbestos. However, we do not believe that the totality of scientific information suggests that working with historical
brakes and gaskets that contained resin-soaked chrysotile
“poses an unreasonable risk to the health of workers.” Most
importantly, though, utilizing a poorly conducted risk assessment methodology that overlooked much of the published
scientific literature and did not draw on the vast expertise of
experts in the field who have studied encapsulated asbestos
for decades sets a poor precedent for future risk evaluations.
These shortcomings were recently identified in a NAS report
(National Academies of Sciences 2021), and the authors hope
that the Agency fixes the identified problems in its risk
assessments conducted since 2016.
On a practical level, it is the authors’ opinion that the final
EPA document opens the doors for billions of dollars of scientifically unwarranted litigation in the coming years. Even
though substantial exposures to chrysotile asbestos generally
ended approximately 40 years ago, there are convincing arguments that the background rate of pleural mesothelioma in
the population is approximately three in 10,000 (Moolgavkar
et al. 2009; Price and Ware 2009) and that a substantial fraction of mesotheliomas cannot be attributed to asbestos
exposure (Spirtas et al. 1994; Rake et al. 2009; Aguilar-Madrid
et al. 2010; Lacourt et al. 2014; Offermans et al. 2014). Such
mesotheliomas are unrelated to asbestos exposures. As such,
we have to ask ourselves, is it in the best interests of the
nation to award millions of dollars to these persons, even if
their cancer was spontaneous or due to smoking? In the
authors’ views, the weight of scientific evidence regarding
chrysotile asbestos exposures makes this redistribution of
wealth seem inappropriate.

3.

4.

5.

6.

Our recommendations
The authors of this manuscript have spent over 300 h studying the draft and final versions of the EPA’s risk evaluations
for chrysotile asbestos, various supporting documents, public
meeting records, and asbestos literature. In our view, if the
Agency adopted our nine suggestions below, and incorporated the recommendations from the NAS (National
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7.

The regulated community should attempt to order from
the internet brakes that allegedly contain asbestos,
which are supposedly manufactured in Canada, India,
Russia, and China. The brakes should then be assayed to
determine if they contain chrysotile asbestos, with the
results being published in a peer-reviewed journal.
If any of these purchased brakes can be obtained and
shown to actually contain chrysotile asbestos, then a
concerted effort should be made to determine how
many might be entering the country and the number of
potentially exposed persons. This is important information to the Office of Management and Budget (OMB),
which is generally tasked with deciding if the monies
spent on regulatory efforts by the EPA make economic sense.
Assemble all of the relevant toxicology studies on
chrysotile asbestos, including those which evaluated the
toxicity of fibers soaked in resins. This was identified by
the NAS report as a major shortcoming of the methods
that the EPA used in its recent risk evaluations (National
Academies of Sciences 2021), and we identified approximately 100 articles that should have been included
(Paustenbach and Brew 2020). These studies need to be
incorporated into future iterations of this risk assessment
– which will probably be resolved by the courts.
Assemble all the relevant epidemiology studies of
exposed populations and create a table that identifies all
of the strengths and weaknesses of these studies. There
are approximately 20 applicable epidemiology studies of
relevantly exposed populations, even though the EPA
relied on only two cohorts of North and South Carolina
textile workers, that were, in fact, not applicable to the
goals of the EPA’s risk evaluation.
Assemble all of the various science panel views and the
published papers of the past 30–40 years that are relevant to understanding the cancer potency of chrysotile
asbestos and the amphibole fibers and the various low
dose extrapolation models that are appropriate based on
the most likely mechanism(s) of action for chrysotile asbestos.
Critically evaluate the above topics and then, using the
current EPA Guidelines for Carcinogen Risk Assessment
(EPA 2005), decide if the threshold approach is more
appropriate than the linear no threshold (LNT) for
chrysotile asbestos for identifying a virtually safe dose or
reference concentration (RFC), then conduct the appropriate analyses.
Collect additional data, if necessary, to be certain that an
adequate industrial hygiene database is available for
understanding the exposure to asbestos associated with
changing brakes and interacting with gaskets in the
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1950s–1980s-time frame. Although the SAB panel
seemed to believe the data from that time period were
inadequate, hundreds of samples have been collected,
and most appear in published, peer-reviewed papers
and have been identified in this article and public comments to the Agency. This dataset, not surprisingly given
the time constraints on the panel, was clearly not fully
understood by all members of the SAB panel.
Importantly, be sure that the revised or updated chrysotile asbestos risk evaluation focuses entirely on the
future probable exposure to chrysotile asbestos in brake
dust and gasket particles, rather than assume that such
exposures are likely to occur or are currently occurring
in the United States.
Lastly, conduct a cost-benefit analysis, as is normally
expected for regulatory initiatives, to evaluate whether a
risk assessment of encapsulated chrysotile asbestos is
necessary, given the small number of persons who could
plausibly be exposed to chrysotile asbestos.

Closing
In the authors’ opinion, when one assembles all of the published scientific information that was not cited nor given serious consideration by the EPA, it is evident that its chrysotile
asbestos risk evaluation lacks scientific rigor. This position is
also supported by the NAS report that identified numerous
and serious flaws in the methodology that the EPA used in its
risk evaluation process (National Academies of Sciences 2021).
Unfortunately, it appears that the process was rushed by
the EPA in an apparent attempt to have it approved before
the new administration took office. For example, at the time
of the SACC meeting in July 2020, the EPA acknowledged
that the committee, at the time of the meeting, had received
less than 25% of the comments that were submitted by outside scientists (Paustenbach 2020). In addition, the speakers
at this public meeting were only allowed to talk to the panelists for 5 min. Further, the poor systematic review and
involvement of special interest groups in this assessment is
apparent when one tabulates the number of papers that
were not considered and the manner in which some flawed
papers were the foundation for the EPA’s risk evaluation (EPA
2020b; EPA 2020c).
The scientific shortcomings and the Agency’s flawed
review process will probably not be rectified by scientific
debate since the document has been finalized. Hopefully, the
EPA will follow the recommendations stated in the NAS’ 2021
report (National Academies of Sciences 2021) and will remedy the myriad issues that have been identified in the
chrysotile risk evaluation. As of July 2021, the risk evaluation
has already impacted asbestos litigation (Finkelstein 2021;
Holstein 2021).
Thus, in our opinion, it will be up to the private sector to
bring this matter before the courts, or it will be used to mislead judges and jurors about the weight of scientific evidence
that suggests that if chrysotile asbestos has the potency to
cause mesothelioma, the required doses are likely > 100 f/ccyears, and the fibers probably must be much longer than

5 mm (likely closer to 25–40 mm in length) and have greater
than a 3:1 aspect ratio (Berman and Crump 2003; Berman and
Crump 2008a; Berman and Crump 2008b; Pierce et al. 2016).
It is the author’s opinions that in the modern era, due to
OSHA regulations (OSHA, 1994), that the vast majority of
exposure to chrysotile asbestos ended nearly 40 years ago in
the United States and that exposure to asbestos in new products does not occur.

Acknowledgements
This paper received numerous suggestions from five different peer
reviewers selected by the journal’s editor and these comments improved
the quality of our submission.

Declaration of interest
The authors work within Paustenbach and Associates, which is a consulting firm headquartered in Jackson, Wyoming. The firm specializes in conducting risk assessments of occupational and environmental hazards, as
well as contaminated foods, sediments and soils, ambient air, radiological
sites, and consumer products. Dr. Paustenbach and those who have
worked with him have published nearly 40 peer-reviewed papers on
asbestos over the past 20 years. He has served as an expert witness for
defendants and has testified in over 400 depositions, as well as more
than 30 trials involving the alleged health hazards of brakes, gaskets,
phenolic molding compounds, mastics, and other materials having
encapsulated asbestos. This paper received no funding from any entity
and its development was not requested by any lawyer. No lawyer had
input into the text, which was entirely written by the authors. The senior
author, Dr. Paustenbach, gave oral comments regarding the inadequacies
of the chrysotile asbestos risk evaluation to the EPA SACC panel during
the summer 2020 public hearing. The PowerPoint presentation that he
presented during this meeting is publicly available from the EPA.
Additionally, Dr. Paustenbach has served on science advisory panels, for
both Democratic and Republican presidents.

References
American Conference of Governmental Industrial Hygienists (ACGIH).
1978. Threshold limit values for chemical substances and physical
agents in the workroom environment with intended changes for
1978. Cincinnati (OH): American Conference of Governmental
Industrial Hygienists.
pez F,
Agudo A, Gonzalez CA, Bleda MJ, Ramırez J, Hernandez S, Lo
Calleja A, Panad
es R, Turuguet D, Escolar A, et al. 2000. Occupation
and risk of malignant pleural mesothelioma: a case-control study in
Spain. Am J Ind Med. 37(2):159–168.
Aguilar-Madrid G, Robles-P
erez E, Juarez-P
erez CA, Alvarado-Cabrero I,
Rico-M
endez FG, Javier KG. 2010. Case–control study of pleural mesothelioma in workers with social security in Mexico. Am J Ind Med. 53:
241–251.
Alberg AJ, Samet JM. 2003. Epidemiology of lung cancer. Chest. 123(1
Suppl):21S–49S.
Anderson AE. 1973. Asbestos fiber emissions during brake servicing.
Internal Ford Memo to J.R. Knauss. Dearborn (MI): Mechanical
Research Department, Ford Motor Company.
Anderson AE, Gealer RL, Mccune RC, Sprys JW. 1973. Asbestos emissions
from brake dynamometer tests. Detroit (MI): National Automobile
Engineering Meeting.
ATSDR. 2002. Expert panel on health effects of asbestos and Synthetic
Vitreous Fibers (SVF): the influence of fiber length. New York (NY):
Division of Health Assessment & Consultation - Agency for Toxic
Substances and Disease Registry.

CRITICAL REVIEWS IN TOXICOLOGY

Attanoos RL, Churg A, Galateau-Salle F, Gibbs AR, Roggli VL. 2018.
Malignant mesothelioma and its non-asbestos causes. Arch Pathol Lab
Med. 142(6):753–760.
Barlow CA, Grespin M, Best EA. 2017. Asbestos fiber length and its relation to disease risk. Inhal Toxicol. 29(12–14):541–554.
Barlow CA, Lievense L, Gross S, Ronk CJ, Paustenbach DJ. 2013. The role
of genotoxicity in asbestos-induced mesothelioma: an explanation for
the differences in carcinogenic potential among fiber types. Inhal
Toxicol. 25(9):553–567.
Baumann F, Carbone M. 2016. Environmental risk of mesothelioma in the
United States: an emerging concern – epidemiological issues. J
Toxicol Environ Health B. 19(5–6):231–249.
Beckett EM, Miller E, Pierce JS, Finley B. 2020. Comments on the toxic
substances control act draft risk evaluation for asbestos docket No.
EPA-HQ-OPPT-2019-0501. Washington (DC): Comments Submitted By
Cardno ChemRisk, San Francisco, California.
Benhamou S, Benhamou E, Flamant R. 1988. Occupational risk factors of
lung cancer in a French case-control study. Occup Environ Med. 45(4):
231–233.
Berman DW, Crump KS. 2003. Technical support document for a protocol
to assess asbestos-related risk. Washington (DC): Environmental
Protection Agency.
Berman DW, Crump KS. 2008a. A meta-analysis of asbestos-related cancer
risk that addresses fiber size and mineral type. Crit Rev Toxicol.
38(sup1):49–73.
Berman DW, Crump KS. 2008b. Update of potency factors for asbestosrelated lung cancer and mesothelioma. Crit Rev Toxicol. 38(sup1):
1–47.
Bernstein D, Dunnigan J, Hesterberg T, Brown R, Velasco JAL, Barrera R,
Hoskins J, Gibbs A. 2013. Health risk of chrysotile revisited. Crit Rev
Toxicol. 43(2):154–183.
Bernstein DM. 2005. Understanding chrysotile asbestos: a new perspective based upon current data. 6th International Scientific Conference.
Pilanesberg National Park (South Africa): International Occupational
Hygiene Association (IOHA).
Bernstein DM. 2014. The health risk of chrysotile asbestos. Curr Opin
Pulm Med. 20(4):366–370.
Bernstein DM, Hoskins JA. 2006. The health effects of chrysotile: current
perspective based upon recent data. Regul Toxicol Pharmacol. 45(3):
252–264.
Bernstein DM, Rogers R, Smith P. 2003. The biopersistence of Canadian
chrysotile asbestos following inhalation. Inhalation Toxicol. 15(13):
1247–1274.
Bernstein DM, Rogers RA, Sepulveda R, Donaldson K, Schuler D, Gaering
S, Kunzendorf P, Chevalier J, Holm SE. 2010. The pathological
response and fate in the lung and pleura of chrysotile in combination
with fine particles compared to amosite asbestos following short-term
inhalation exposure: interim results. Inhal Toxicol. 22(11):937–962.
Bernstein DM, Rogers RA, Sepulveda R, Donaldson K, Schuler D, Gaering
S, Kunzendorf P, Chevalier J, Holm SE. 2011. Quantification of the
pathological response and fate in the lung and pleura of chrysotile in
combination with fine particles compared to amosite-asbestos following short-term inhalation exposure. Inhal Toxicol. 23(7):372–391.
Bernstein DM, Rogers RA, Sepulveda R, Kunzendorf P, Bellmann B, Ernst
H, Creutzenberg O, Phillips JI. 2015. Evaluation of the fate and pathological response in the lung and pleura of brake dust alone and in
combination with added chrysotile compared to crocidolite asbestos
following short-term inhalation exposure. Toxicol Appl Pharmacol.
283(1):20–34.
Bernstein DM, Toth B, Rogers RA, Kling DE, Kunzendorf P, Phillips JI,
Ernst H. 2020a. Evaluation of the dose-response and fate in the lung
and pleura of chrysotile-containing brake dust compared to TiO2,
chrysotile, crocidolite or amosite asbestos in a 90-day quantitative
inhalation toxicology study – Interim results Part 2: histopathological
examination, confocal microscopy and collagen quantification of the
lung and pleural cavity. Toxicol Appl Pharmacol. 387:114847.
Bernstein DM, Toth B, Rogers RA, Kling DE, Kunzendorf P, Phillips JI,
Ernst H. 2020b. Evaluation of the exposure, dose-response and fate in
the lung and pleura of chrysotile-containing brake dust compared to
TiO2, chrysotile, crocidolite or amosite asbestos in a 90-day

25

quantitative inhalation toxicology study – interim results Part 1:
experimental design, aerosol exposure, lung burdens and BAL. Toxicol
Appl Pharmacol. 387:114856.
Bernstein DM, Toth B, Rogers RA, Kunzendorf P, Phillips JI, Schaudien D.
2021. Final results from a 90-day quantitative inhalation toxicology
study evaluating the dose-response and fate in the lung and pleura
of chrysotile-containing brake dust compared to TiO2, chrysotile, crocidolite or amosite asbestos: histopathological examination, confocal
microscopy and collagen quantification of the lung and pleural cavity.
Toxicol Appl Pharmacol. 424:115598.
Bernstein DM, Toth B, Rogers RA, Sepulveda R, Kunzendorf P, Phillips JI,
Ernst H. 2018. Evaluation of the dose-response and fate in the lung
and pleura of chrysotile-containing brake dust compared to chrysotile
or crocidolite asbestos in a 28-day quantitative inhalation toxicology
study. Toxicol Appl Pharmacol. 351:74–92.
Berrington DE Gonzalez A, Curtis RE, Gilbert E, Berg CD, Smith SA, Stovall
M, Ron E. 2010. Second solid cancers after radiotherapy for breast
cancer in SEER cancer registries. Br J Cancer. 102(1):220–226.
Berry G, Newhouse ML, Antonis P. 1985. Combined effect of asbestos
and smoking on mortality from lung cancer and mesothelioma in factory workers. Br J Ind Med. 42(1):12–18.
Blake CL, VAN Orden DR, Banasik M, Harbison RD. 2003. Airborne asbestos concentration from brake changing does not exceed permissible
exposure limit. Regul Toxicol Pharm. 38(1):58–70.
Boelter FW, Spencer JW, Simmons CE. 2007. Heavy equipment maintenance exposure assessment: using a time-activity model to estimate
surrogate values for replacement of missing data. J Occup Environ
Hyg. 4(7):525–537.
Borre LVD, Deboosere P. 2015. Enduring health effects of asbestos use in
Belgian industries: a record-linked cohort study of cause-specific mortality (2001–2009). BMJ Open. 5(6):e007384.
Boyles MSP, Poland CA, Raftis J, Duffin R. 2019. Assessment of the physicochemical properties of chrysotile-containing brake debris pertaining
to toxicity. Inhal Toxicol. 31(8):325–342.
Brenner J, Sordillo PP, Magill GB. 1981. Malignant mesothelioma in children: report of seven cases and review of the literature. Med Pediatr
Oncol. 9(4):367–373.
Brooks R. 2020. RE: toxic substances control act Science Advisory
Committee on Chemicals (SACC) peer review, Docket Number: EPAHQ-OPPT-2019-0501. Washington (DC): Comments submitted by The
Chlorine Institute.
ska E, Dutkowska A, Antczak A. 2013. The significance of epigenBrzezian
etic alterations in lung carcinogenesis. Mol Biol Rep. 40(1):309–325.
Bueno R, Stawiski EW, Goldstein LD, Durinck S, Rienzo AD, Modrusan Z,
Gnad F, Nguyen TT, Jaiswal BS, Chirieac LR, et al. 2016.
Comprehensive genomic analysis of malignant pleural mesothelioma
identifies recurrent mutations, gene fusions and splicing alterations.
Nat Genet. 48(4):407–416.
Burdorf A, Heederik D. 2011. Applying quality criteria to exposure in
asbestos epidemiology increases the estimated risk. Ann Occup Hyg.
55(6):565–568.
Carbone M. 2020. EPA document # EPA-740-R1-8012 - asbestos; draft
Toxic Substances Control Act (TSCA) risk evaluation and TSCA Science
Advisory Committee on Chemicals (SACC) meetings. Washington (DC):
Comments submitted by The Cancer Center – University of Hawai’i.
Carbone M, Adusumilli PS, Alexander HR, Baas P, Bardelli F, Bononi A,
Bueno R, Felley-Bosco E, Galateau-Salle F, Jablons D, et al. 2019.
Mesothelioma: scientific clues for prevention, diagnosis, and therapy.
CA Cancer J Clin. 69:402–429.
Cardarelli JJ, Ulsh BA. 2018. It is time to move beyond the linear nothreshold theory for low-dose radiation protection. Dose-Res Internat
J. 16(3).
Carthew P, Hill RJ, Edwards RE, Lee PN. 1992. Intrapleural administration
of fibres induces mesothelioma in rats in the same relative order of
hazard as occurs in man after exposure. Hum Exp Toxicol. 11(6):
530–534.
Casalone E, Allione A, Viberti C, Pardini B, Guarrera S, Betti M, Dianzani I,
Aldieri E, Matullo G. 2018. DNA methylation profiling of asbestostreated MeT5A cell line reveals novel pathways implicated in asbestos
response. Arch Toxicol. 92(5):1785–1795.

26

D. PAUSTENBACH ET AL.

Case B. 2020. Case BW comments on US EPA draft risk evaluation for
asbestos, dated March 2020 (EPA Document # EPA-740-R1-8012).
Washington (DC): Comments submitted by The Department of
Pathology, McGill University, Montreal, Canada.
Case BW, Dufresne A, Mcdonald AD, Mcdonald JC, S
ebastien P. 2000.
Asbestos fiber type and length in lungs of chrysotile textile and production workers: fibers longer than 18 lm. Inhalation Toxicol.
12(sup3):411–418.
Cha S, Carter P, Bradow RL. 1983. Simulation of automobile brake wear
dynamics and estimation of emissions. Dearborn (MI): Passenger Car
Meeting & Exposition; 831036.
Chang ET, Lau EC, Mowat FS, Teta MJ. 2017. Therapeutic radiation for
lymphoma and risk of second primary malignant mesothelioma.
Cancer Causes Control. 28(9):971–979.
Christensen BC, Houseman EA, Godleski JJ, Marsit CJ, Longacker JL,
Roelofs CR, Karagas MR, Wrensch MR, Yeh R-F, Nelson HH, et al. 2009.
Epigenetic profiles distinguish pleural mesothelioma from normal
pleura and predict lung asbestos burden and clinical outcome. Cancer
Res. 69(1):227–234.
Churg A. 1998. Neoplastic asbestos-induced disease. In: Pathology of
occupational lung disease. Baltimore (MD): Williams & Wilkins.
Clements M, Berry G, Shi J, Ware S, Yates D, Johnson A. 2007. Projected
mesothelioma incidence in men in New South Wales. Occup Environ
Med. 64(11):747–752.
Commerce USCO. 2020. Re: draft risk evaluation for asbestos: docket
EPA-HQ-OPPT-2019-0501. Washington (DC): United States Department
of Commerce.
Consonni D, Matteis SD, Lubin JH, Wacholder S, Tucker M, Pesatori AC,
Caporaso NE, Bertazzi PA, Landi MT. 2010. Lung cancer and occupation in a population-based case-control study. Am J Epidemiol. 171(3):
323–333.
Cooper T, Sheehy J, O’Brien D, Mcglothlin J, Todd W. 1987. n-depth survey report: evaluation of brake drum service controls at United States
postal service vehicle maintenance facility, Louisville, Kentucky, Report
No. CT-152-11B. Washington (DC): National Institute for Occupational
Safety and Health.
Cooper T, Sheehy J, O’Brien D, Mcglothlin J, Todd W. 1988. In-depth survey report: evaluation of brake drum service controls at Cincinnati
Gas and Electric Garages, Cincinnati, Evanston, and Monroe, Ohio and
Covington, Kentucky (ECTB 152-22b). Cincinnati (OH): National
Institute for Occupational Safety and Health.
Corbin M, McLean D, Mannetje A’, Dryson E, Walls C, McKenzie F, Maule
M, Cheng S, Cunningham C, Kromhout H, et al. 2011. Lung cancer
and occupation: a New Zealand cancer registry-based case-control
study. Am J Ind Med. 54(2):89–101.
Cossette M, Delvaux P. 1979. Technical evaluation of chrysotile asbestos
ore bodies. In Short course in mineralogical techniques of asbestos
determination. Vol. 4;. Ottawa (ON): Mineralogical Association of
Canada; p. 79–109.
Cowan DM, Cheng TJ, Ground M, Sahmel J, Varughese A, Madl AK. 2015.
Analysis of workplace compliance measurements of asbestos by the
U.S. Occupational Safety and Health Administration (1984–2011).
Regul Toxicol Pharmacol. 72(3):615–629.
Cree M, Lalji M, Jiang B, Carriere KC, Beach J, Kamruzzaman A. 2009.
Explaining Alberta’s rising mesothelioma rates. Chronic Dis Can. 29(4):
144–152.
Davis JMG, Coniam SW. 1973. Experimental studies on the effects of
heated chysotile asbestos and automobile brake lining dust injected
ino the body cavities of mice. Exp Mol Pathol. 19(3):339–353.
De Bruin ML, Burgers JA, Baas P, Van’t Veer MB, Noordijk EM, Louwman
MWJ, Zijlstra JM, Van Den Berg H, Aleman BMP, Van Leeuwen FE.
2009. Malignant mesothelioma after radiation treatment for Hodgkin
lymphoma. Blood. 113(16):3679–3681.
DE Klerk NH, Musk AW, Williams V, Filion PR, Whitaker D, Shilkin KB.
1996. Comparison of measures of exposure to asbestos in former crocidolite workers from Wittenoom Gorge, W. Australia. Am J Ind Med.
30(5):579–587.
Dement JM. 1972. Cincinnati municipal garage - automobile brake servicing operation. U.S.P.H.S. Survey. Bethesda (MD): United States Public
Health Service.

Dement JM. 2020. Comments on EPA Draft Asbestos Risk Assessment,
March 2020. Durham (NC): Duke University School of Medicine.
Dement JM, Loomis D, Richardson D, Wolf SH, Kuempel ED. 2011.
Estimates of historical exposures by phase contrast and transmission
electron microscopy for pooled exposure–response analyses of North
Carolina and South Carolina, USA asbestos textile cohort. Occup
Environ Med. 68:593–598.
Dement JM, Brown DP, Okun A. 1994. Follow-up study of chrysotile
asbestos textile workers: cohort mortality and case-control analyses.
Am J Ind Med. 26(4):431–447.
Dement JM, Myers D, Loomis D, Richardson D, Wolf S. 2009. Estimates of
historical exposures by phase contrast and transmission electron
microscopy in North Carolina USA asbestos textile plants. Occup
Environ Med. 66(9):574–583.
Deutsch M, Land SR, Begovic M, Cecchini R, Wolmark N. 2007. An association between postoperative radiotherapy for primary breast cancer
in 11 National Surgical Adjuvant Breast and Bowel Project (NSABP)
studies and the subsequent appearance of pleural mesothelioma. Am
J Clin Oncol. 30(3):294–296.
Eastern Research Group I. 2003a. Report on the expert panel on health
effects of asbestos and synthetic vitreous fibers: the influence of fiber
length. Atlanta (GE): Agency for Toxic Substances and Disease Registry
– Division of Health Assessment and Consultation.
Eastern Research Group I. 2003b. Report on the peer consultation workshop to discuss a proposed protocol to assess asbestos-related risk.
Washington (DC): U.S. Environmental Protection Agency - Office of
Solid Waste and Emergency Response.
Elliott L, Loomis D, Dement J, Hein MJ, Richardson D, Stayner L. 2012.
Lung cancer mortality in North Carolina and South Carolina chrysotile
asbestos textile workers. Occup Environ Med. 69(6):385–390.
EPA. 1986. Airborne Asbestos Health Assessment Update. Office of Health and
Environmental Assessment. https://nepis.epa.gov/Exe/ZyNET.exe/20009EBT.
TXT?ZyActionD=ZyDocument&Client=EPA&Index=1981+Thru+1985&Docs=
&Query=&Time=&EndTime=&SearchMethod=1&TocRestrict=n&Toc=&
Toc
Entry=&QField=&QFieldYear=&QFieldMonth=&QFieldDay=&
IntQFieldOp=0&ExtQFieldOp=0&XmlQuery=&File=D%3A%5Czyfiles%
5CIndex%20Data%5C81thru85%5CTxt%5C00000002%5C20009EBT.
txt&User=ANONYMOUS&Password=anonymous&SortMethod=h%7C-&
MaximumDocuments=1&FuzzyDegree=0&ImageQuality=r75g8/r75g8/
x150y150g16/i425&Display=hpfr&DefSeekPage=x&SearchBack=Zy
ActionL&Back=ZyActionS&BackDesc=Results%20page&Maximum
Pages=1&ZyEntry=1&SeekPage=x&ZyPURL
EPA. 2005. Guidelines for Carcinogen Risk Assessment. Washington, DC:
Risk Assessment Forum - U.S. Environmental Protection Agency.
EPA. 2014. Toxicological review of Libby amphibole asbestos. Integrated
Risk Information System, National Center for Environmental
Assessment.
https://cfpub.epa.gov/ncea/risk/recordisplay.cfm?deid=
292394
EPA. 2016. Summary of the toxic substances control Act. 15 U.S.C. §2601
et seq. (1976). https://www.epa.gov/laws-regulations/summary-toxicsubstances-control-act
EPA. 2020a. Draft risk evaluation for asbestos. Office of Chemical safety
and Pollution Prevention. Washington (DC): Environmental Protection
Agency. https://www.regulations.gov/document/EPA-HQ-OPPT-20190501-0002
EPA. 2020b. Risk evaluation for asbestos, Part I: chrysotile asbestos. Office
of Chemical safety and Pollution Prevention. Washington (DC):
Environmental Protection Agency. https://www.epa.gov/sites/default/
files/2020-12/documents/1_risk_evaluation_for_asbestos_part_1_chrysotile_asbestos.pdf
EPA. 2020c. Summary of external peer review and public comments for
asbestos and disposition for asbestos part 1: chrysotile asbestos –
response to support risk evaluation for asbestos part I: chrysotile
asbestos.. Washington (DC): Environmental Protection Agency. https://
www.epa.gov/sites/default/files/2020-12/documents/2_summary_of_
external_peer_review_and_public_comments_and_disposition.pdf
EPA. 2020d. Transmittal of meeting minutes and final report for the
TSCA science advisory committee on chemicals meeting via phone
and webcast held June 8–11, 2020.. Washington (DC): Environmental

CRITICAL REVIEWS IN TOXICOLOGY

Protection Agency. https://cfpub.epa.gov/si/si_public_file_download.
cfm?p_download_id=541492&Lab=OPPT
EPA. 2021. EPA commits to strengthening science used in chemical risk
evaluations. Washington (DC): Environmental Protection Agency.
https://www.epa.gov/newsreleases/epa-commits-strengthening-science-used-chemical-risk-evaluations
Erren TC, Jacobsen M, Piekarski C. 1999. Synergy between asbestos and
smoking on lung cancer risks. Epidemiology. 10(4):405–411.
Farioli A, Violante FS, Mattioli S, Curti S, Kriebel D. 2013. Risk of mesothelioma following external beam radiotherapy for prostate cancer: a
cohort analysis of SEER database. Cancer Causes Control. 24(8):
1535–1545.
Ferrante D, Mirabelli D, Silvestri S, Azzolina D, Giovannini A, Tribaudino P,
Magnani C. 2020. Mortality and mesothelioma incidence among
chrysotile asbestos miners in Balangero, Italy: a cohort study. Am J
Ind Med. 63(2):135–145.
Finkelstein MM. 2021. Supplemented January 12, 2021 after Review of
EPA December 2020 chrysotile reports. Toronto (ON): University of
Toronto.
Finkelstein MM, Dufresne A. 1999. Inferences on the kinetics of asbestos
deposition and clearance among chrysotile miners and millers. Am J
Ind Med. 35(4):401–412.
Finley BL, Richter RO, Mowat FS, Mlynarek S, Paustenbach DJ,
Warmerdam JM, Sheehan PJ. 2007. Cumulative asbestos exposure for
US automobile mechanics involved in brake repair (circa 1950s–2000).
J Expo Sci Environ Epidemiol. 17(7):644–655.
FOIA. 2021. FOIA request for information relating to: peer review of EPA
draft risk evaluation of asbestos dated June 8–11, 2020.
Fraire AE, Cooper S, Greenberg SD, Buffler P, Langston C. 1988.
Mesothelioma of childhood. Cancer. 62(4):838–847.
Fraire AE, Greenberg SD, Spjut HJ, Dodson RF, Williams G, Lach-Pasko E,
Roggli VL. 1997. Effect of erionite on the pleural mesothelium of the
Fischer 344 rat. Chest. 111(5):1375–1380.
Frank AL. 2017. Frank Arthur Deposition – Exhibit 5 - 5/15/17.
Garabrant D. 2020. Comments on US EPA office of chemical safety and
pollution prevention and toxics draft risk evaluation for asbestos,
dated march 2020 (EPA Document # EPA-740-R1-8012). Washington
(DC): Comments submitted by The University of Michigan, Ann Arbor,
Michigan.
Garabrant DH, Alexander DD, Miller PE, Fryzek JP, Boffetta P, Teta MJ,
Hessel PA, Craven VA, Kelsh MA, Goodman M. 2016. Mesothelioma
among motor vehicle mechanics: an updated review and meta-analysis. ANNHYG. 60(8):1036–1026.
Garabrant DH, Pastula ST. 2018. A comparison of asbestos fiber potency
and elongate mineral particle (EMP) potency for mesothelioma in
humans. Toxicol Appl Pharmacol. 361:127–136.
Gibb H, Fulcher K, Nagarajan S, Mccord S, Fallahian NA, Hoffman HJ,
Haver C, Tolmachev S. 2013. Analyses of radiation and mesothelioma
in the US transuranium and uranium registries. Am J Public Health.
103(4):710–716.
Girardi P, Bressan V, Merler E. 2014. ast trends and future prediction of
mesothelioma incidence in an industrialized area of Italy, the Veneto
Region. Cancer Epidemiol. 38(5):496–503.
Godbey F, Cooper T, Sheehy J, O’Brien D, VAN Wagenen H, Mcglothlin J,
Todd W. 1987. n-Depth survey report: evaluation of brake drum service controls at United States Postal Service, Vehicle Maintenance
Facility, Nashville, Tennessee. Washington (DC): National Institute for
Occupational Safety and Health. Report No. CT-152-20B.
Golden R. 2019. Dedication and prologue. Chem Biol Interact. 301:1.
Golden R, Bus J, Calabrese E. 2019. An examination of the linear nothreshold hypothesis of cancer risk assessment: introduction to a series of reviews documenting the lack of biological plausibility of LNT.
Chem Biol Interact. 301:2–5.
Goodman JE, Dodge DG, Bailey LA, Prueitt RL, Peterson MK, Beck BD,
Engel AM. 2020. Comments on the toxic substances control act draft
risk evaluation for asbestos regarding chrysotile asbestos and the
occupational use of automotive brakes. Washington (DC): Comments
submitted by Gradient.
Goodman JE, Nascarella MA, Valberg PA. 2009. Ionizing radiation: a risk
factor for mesothelioma. Cancer Causes Control. 20(8):1237–1254.

27

Goodman M, Teta MJ, Hessel PA, Garabrant DH, Craven VA, Scrafford CG,
Kelsh MA. 2004. Mesothelioma and lung cancer among motor vehicle
mechanics: a meta-analysis. Ann Occup Hyg. 48(4):309–326.
Green FH, Harley R, Vallyathan V, Althouse R, Fick G, Dement J, Mitha R,
Pooley F. 1997. Exposure and mineralogical correlates of pulmonary
fibrosis in chrysotile asbestos workers. Occup Environ Med. 54(8):
549–559.
Guida F, Papadopoulos A, Menvielle G, Matrat M, F
evotte J, C
en
ee S, Cyr
D, Schmaus A, Carton M, Paget-Bailly S, et al. 2011. Risk of lung cancer
and occupational history: results of a French population-based casecontrol study, the ICARE study. J Occup Environ Med. 53(9):
1068–1077.
Gustavsson P, Plato N, Lidstrom E-B, Hogstedt C. 1990. Lung cancer and
exposure to diesel exhaust among bus garage workers. Scand J Work
Environ Health. 16(5):348–354.
Hammond EC, Selikoff IJ, Seidman H. 1979. Asbestos exposure, cigarette
smoking and death rates. Ann N Y Acad Sci. 330:473–790.
Hamra GB, Richardson DB, Dement J, Loomis D. 2017. Lung cancer risk
associated with regulated and unregulated chrysotile asbestos fibers.
Epidemiology. 28:275–280.
Hansen ES. 1989. Mortality of auto mechanics: a ten-year follow-up.
Scand J Work Environ Health. 15(1):43–46.
Hansen J, Tinggaard M, Meersohn A. 2003. Kraeftsygelighed (1970-97)
blandt danske lønmodtagere fordelt på Arbejdstilsynets 49 branchegrupper. Nykobing (Denmark): Institut for Epidemiologisk
Kraeftforskning, 123.
Hardin BD. 2020. Comment on draft risk evaluation for asbestos, EPA
Document # EPA-740-R1-8012 in Docket EPA-HP-OPPT-2019-0501.
Washington (DC): Comments submitted by JS Held.
Hatch D. 1970. Possible alternatives to asbestos as a friction material.
Ann Occup Hyg. 13:25–29.
Hein MJ, Stayner LT, Lehman E, Dement JM. 2007. Follow-up study of
chrysotile textile workers: cohort mortality and exposure-response.
Occup Environ Med. 64(9):616–624.
Hessel PA, Teta MJ, Goodman M, Lau E. 2004. Mesothelioma among
brake mechanics: an expanded analysis of a case-control study. Risk
Anal. 24(3):547–552.
Hesterberg TW, Hart GA, Chevalier J, Miiller WC, Hamilton RD, Bauer J,
Thevenaz P. 1998. The importance of fiber biopersistence and lung
dose in determining the chronic inhalation effects of X607, RCFI, and
chrysotile asbestos in rats. Toxicol Appl Pharmacol. 153(1):68–82.
Hickish DE, Knight KL. 1970. Exposure to asbestos during brake maintenance. Ann Occup Hyg. 13:17–21.
Hmeljak J, Sanchez-Vega F, Hoadley KA, Shih J, Stewart C, Heiman D,
Tarpey P, Danilova L, Drill E, Gibb EA, et al. 2018. Integrative molecular characterization of malignant pleural mesothelioma. Cancer Discov.
8(12):1548–1565.
Hodgson DC, Gilbert ES, Dores GM, Schonfeld SJ, Lynch CF, Storm H, Hall
P, Langmark F, Pukkala E, Andersson M, et al. 2007. Long-term solid
cancer risk among 5-year survivors of Hodgkin’s lymphoma. JCO.
25(12):1489–1497.
Holstein EC. 2021. Re: Robie Walls litigation. Belmont (MA): MS
Consulting.
Hrubec A, Blair AE, Vaught J. 1995. Mortality risks by industry among US
veterans of known smoking status: 1954–1980. NIH Publication No.
95-2747. In: US Department of Health and Human Services (DHHS), P.
H. S., National Institutes of Health (NIH) (ed). Washington (DC):
National Institutes of Health (NIH).
Hrubec Z, Blair AE, Rogot E, Vaught J. 1992. Mortality risks by occupation
among US veterans of known smoking status: 1954–1980. NIH
Publication No. 92-3407. In: US Department of Health and Human
Services (DHHS), P. H., Servicenational Institutes of Health (NIH) (ed.).
Washington (DC): National Institutes of Health (NIH).
HSS USDOHAHS. 2020. Smoking cessation: a report of the surgeon general. Atlanta (GA): U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention, National Center for
Chronic Disease Prevention and Health Promotion, Office on Smoking
and Health.

28

D. PAUSTENBACH ET AL.

Huang SX, Jaurand M-C, Kamp DW, Whysner J, Hei TK. 2011a. Role of
mutagenicity in asbestos fiber-induced carcinogenicity and other diseases. J Toxicol Environ Health B. 14(1–4):179–245.
Huang SXL, Jaurand M-C, Kamp DW, Whysner J, Hei TK. 2011b. Role of
mutagenicity in asbestos fiber-induced carcinogenicity and other diseases. J Toxicol Environ Health B. 14(1–4):179–245.
Huncharek M. 2002. Non-asbestos related diffuse malignant mesothelioma. Tumori. 88(1):1–9.
Hylebos M, Camp GV, Meerbeeck JPV, Beeck KOD. 2016. The genetic
landscape of malignant pleural mesothelioma: results from massively
parallel sequencing. J Thorac Oncol. 11(10):1615–1626.
In re W.R. Grace & Co., B. R., 482 (BANKR. D. DEL. 2006). 2007. (“Dr.
Anderson’s analysis is unreliable. Dr. Anderson’s opinion, therefore,
does not satisfy Daubert and its progeny and is not admissible. We
exclude this evidence.”), appeal denied, 2007 WL 1074094 (D. Del.
Mar. 26, 2007).
Jacko MG, Ducharme RT, Somers JH. 1973. Brake and clutch emissions
generated during vehicle operation. Proceedings of the Automobile
Engineering Meeting, 1973-02-01. 20.
J€arvholm B, Brisman J. 1988. Asbestos associated tumours in car mechanics. Br J Ind Med. 45:645–646.
Jaurand MC, Bignon J, Sebastien P, Goni J. 1977. Leaching of chrysotile
asbestos in human lungs. Environ Res. 14(2):245–254.
Johnson NF, Edwards RE, Munday DE, Rowe N, Wagner JC. 1984.
Pluripotential nature of mesotheliomata induced by inhalation of
erionite in rats. Br J Exp Pathol. 65(3):377–388.
Johnson P, Zumwalde RD, Roberts D. 1979. Industrial hygeine assessment
of seven brake servicing facilities. industrial hygeine section.
Concinatti (OH): National Institute for Occupational Safety and Health.
Kamp DW, Weitzman SA. 1999. The molecular basis of asbestos induced
lung injury. Thorax. 54(7):638–652.
Kanbay A, Simsek ZO, Tutar N, Yilmaz I, Buyukoglan H, Canoz O, Demir R.
2014. Non-asbestos-related malignant pleural mesothelioma. Intern
Med. 53(17):1977–1979.
Kayatta MO, Dineen SP, Sica G, Puskas JD, Pickens A. 2013. Primary pericardial mesothelioma in a 19-year-old presenting as pericarditis. Ann
Thorac Surg. 96(2):680–681.
Kopylev L, Sullivan PA, Vinikoor LC, Bateson TF. 2011. Monte Carlo analysis of impact of underascertainment of mesothelioma cases on
underestimation of risk. TOEPIJ. 4(1):45–53.
Korchevskiy A, Rasmuson JO, Rasmuson EJ. 2019. Empirical model of
mesothelioma potency factors for different mineral fibers based on
their chemical composition and dimensionality. Inhal Toxicol. 31(5):
180–191.
LA Vecchia C, Decarli A, Peto J, Levi F, Tomei F, Negri E. 2000. An age,
period and cohort analysis of pleural cancer mortality in Europe. Eur J
Cancer Prev. 9:179–184.
Lacourt A, Gramond C, Rolland P, Ducamp S, Audignon S, Astoul P,
Chamming’S S, Gilg Soit Ilg A, Rinaldo M, Raherison C, et al. 2014.
Occupational and non-occupational attributable risk of asbestos
exposure for malignant pleural mesothelioma. Thorax. 69(6):532–539.
Lacquet LM, VAN DER Linden L. 1980. Roentgenographic lung changes,
asbestosis and mortality in a Belgian asbestos-cement factory.
Biological effects of mineral fibres. Lyon (France): International Agency
for Research on Cancer.
Langer AM. 2003. Reduction of the biological potential of chrysotile
asbestos arising from conditions of service on brake pads. Regul
Toxicol Pharmacol. 38(1):71–77.
Lemen RA. 2020. Comments of Richard A. Lemen, Ph.D., MSPH on EPA’s
Draft Risk Evaluation for Asbestos 27 May 2020. Washington (DC).
https://www.regulations.gov/document/EPA-HQ-OPPT-2019-0501-0057
Lenters V, Burdorf A, Vermeulen R, Stayner L, Heederik D. 2012. Quality
of evidence must guide risk assessment of asbestos. Ann Occup Hyg.
56(8):879–887.
Lerchen ML, Wiggins CL, Samet JM. 1987. Lung cancer and occupation in
New Mexico. J Natl Cancer Inst. 79(4):639–645.
Liddell FDK, Armstrong B. 2002. The combination of effects on lung cancer of cigarette smoking and exposure in Quebec chrysotile miners
and millers. Ann Occup Hyg. 46(1):5–13.

Liddell FDK, McDonald AD, McDonald JC. 1997. The 1891–1920 birth
cohort of Quebec chrysotile miners and millers: development from
1904 and mortality to 1992. Ann Occup Hyg. 41(1):13–36.
Lippmann M. 1988. Asbestos exposure indices. Environ Res. 46(1):86–106.
Lippmann M. 2014. Toxicological and epidemiological studies on effects
of airborne fibers: coherence and public [corrected] health implications. Crit Rev Toxicol. 44(8):643–695.
Loomis D, Dement J, Richardson D, Wolf S. 2010. Asbestos fibre dimensions and lung cancer mortality among workers exposed to chrysotile.
Occup Environ Med. 67(9):580–584.
Loomis D, Dement JM, Elliott L, Richardson D, Kuempel ED, Stayner L.
2012. Increased lung cancer mortality among chrysotile asbestos textile workers is more strongly associated with exposure to long thin
fibres. Occup Environ Med. 69(8):564–568.
Loomis D, Dement JM, Wolf SH, Richardson DB. 2009. Lung cancer mortality and fibre exposures among North Carolina asbestos textile workers. Occup Environ Med. 66(8):535–542.
Loomis D, Richardson DB, Elliott L. 2019. Quantitative relationships of
exposure to chrysotile asbestos and mesothelioma mortality. Am J Ind
Med. 62(6):471–477.
Lorenzini E, Alessia C, Federica T. 2021. Molecular fingerprints of malignant pleural mesothelioma: not just a matter of genetic alterations.
JCM. 10(11):2470.
Lynch JR, Ayer HE. 1968. Measurement of asbestos exposure. J Occup
Environ Med. 10:21–24.
Macarthur AC, Le ND, Fang R, Band PR. 2009. Identification of occupational cancer risk in British Columbia: a population-based case-control
study of 2,998 lung cancers by histopathological subtype. Am J Ind
Med. 52(3):221–232.
Madl AK, Gaffney SH, Balzer JL, Paustenbach DJ. 2009. Airborne asbestos
concentrations associated with heavy equipment brake removal. Ann
Occup Hyg. 53(8):839–857.
Madl AK, Scott LL, Murbach DM, Fehling KA, Finley BL, Paustenbach DJ.
2008. Exposure to chrysotile asbestos associated with unpacking and
repacking boxes of automobile brake pads and shoes. Ann Occup
Hyg. 52:463–479.
Maines R. 2012. The asbestos litigation master narrative: building codes,
engineering standards, and "retroactive inculpation". Enterp Soc. 13(4):
862–897.
Maltoni C, Minardi F, Morisi L. 1982. Pleural mesotheliomas in SpragueDawley rats by erionite: first experimental evidence. Environ Res.
29(1):238–244.
Mann EL. 1983. Asbestos. In: Lefond SJ, editor. Industrial minerals and
rocks. 5th ed. New York: Society Mining Engineers of the American
Institute of Mining, Metallurgical, and Petroleum Engineers.
Markowitz SB, Levin SM, Miller A, Morabia A. 2013. Asbestos, asbestosis,
smoking, and lung cancer. New findings from the North American
insulator cohort. Am J Respir Crit Care Med. 188(1):90–96.
Matos EL, Vilensky M, Mirabelli D, Boffetta P. 2000. Occupational exposures and lung cancer in Buenos Aires, Argentina. J Occup Environ
Med. 42:653–659.
Matter of New York City Asbestos Litig., M. D., 483–484 (SUP. CT. NY
COUNTY, NY 2015). 2015. (“For all of these reasons, Markowitz’s opinions, either individually or collectively, do not establish that asbestos
contained in friction products can cause mesothelioma, and as he
conceded, he could identify no study to support his proposition that
there is an increased risk of contracting mesothelioma from exposure
to auto brakes, clutches, or gaskets or that there is an increased risk
of mesothelioma from the use of friction products or work on friction
materials in the automobile industry … Markowitz not only cited no
study to support his opinion, but he also conceded that numerous
studies contradict it.”), aff’d, 32 N.Y.3d 1116 (2018).
Mcdonald AD, Mcdonald C. 1980. Malignant Mesothelioma in North
America. Cancer. 46(7):1650–1656.
Mensi C, DE Matteis S, Dallari B, Riboldi L, Bertazzi PA, Consonni D. 2016.
Incidence of mesothelioma in Lombardy, Italy: exposure to asbestos,
time patterns and future projections. Occup Environ Med. 73(9):
607–613.
Merlo DF, Stagi E, Fontana V, Consonni D, Gozza C, Garrone E, Bertazzi
PA, Pesatori AC. 2010. A historical mortality study among bus drivers

CRITICAL REVIEWS IN TOXICOLOGY

and bus maintenance workers exposed to urban air pollutants in the
city of Genoa, Italy. Occup Environ Med. 67(9):611–619.
Mezie G, Moolgavkar S, Mowat F. 2020. Comment on draft risk evaluation
for asbestos for consideration by Science Advisory Committee on
Chemicals (SACC). Washington (DC): Comments submitted by
Exponent, Inc.
Moline J. 2020. Jacqueline Moline, MD, MSc statement on EPA’s draft risk
evaluation of asbestos. Hempstead (NY): Comment submitted by The
Donald and Barbara Zucker School of Medicine.
Moolgavkar SH, Meza R, Turim J. 2009. Pleural and peritoneal mesotheliomas in SEER: age effects and temporal trends, 1973–2005. Cancer
Causes Control. 20(6):935–944.
Moore LL. 1988. Asbestos Exposure Associated with Automotive Brake
Repair in Pennsylvania. Am Ind Hyg Assoc J. 49:3.
Morabia A, Markowitz S, Garibaldi K, Wynder EL. 1992. Lung cancer and
occupation: results of a multicentre case-control study. Occup Environ
Med. 49(10):721–727.
Mossman BT. 2020. Comments on draft risk evaluation for asbestos.
Washington (DC): Department of Pathology and Laboratory Medicine, The
University of Vermont, Larner College of Medicine, Burlington, Vermont.
Mossman BT, Churg A. 1998. Mechanisms in the pathogenesis of asbestosis and silicosis. Am J Respir Crit Care Med. 157(5 Pt 1):1666–1680.
Mossman BT, Lippmann M, Hesterberg TW, Kelsey KT, Barchowsky A, Bonner
JC. 2011. Pulmonary endpoints (lung carcinomas and asbestosis) following
inhalation exposure to asbestos. J Toxicol Environ Health B. 14(1–4):76–121.
National Academies of Sciences. 2021. The use of systematic review in
EPA’s toxic substances control act risk evaluations. Washington (DC):
The National Academies Press.
Niosh NIFOSAH. 2017. Current intelligence bulletin 68. NIOSH chemical
carcinogen policy. Publication No. 2017–100. Cincinnati (OH): U.S.
Department of Health and Human Services, Centers for Disease
Control and Prevention, NIOSH.
Offermans NS, Vermeulen R, Burdorf A A, Goldbohm RA, Keszei AP,
Peters S, Kauppinen T, Kromhout H, Van Den Brandt PA. 2014.
Occupational asbestos exposure and risk of oral cavity and pharyngeal
cancer in the prospective Netherlands Cohort Study. Scand J Work
Environ Health. 40(4):420–427.
Oliver LC. 2020. Comments on the toxic substances control act draft risk
evaluation for asbestos. Brookline (MA): Comments submitted by
Occupational Health Initiatives Inc.
OSHA. 1994. 29 CFR Parts 1910, 1915, and 1926. Occupational exposure
to asbestos; Final rule. Fed Reg. 59:40964–41162. https://www.osha.
gov/laws-regs/federalregister/1994-08-10
Paustenbach D. 2020. RE: Paustenbach phone conversation with EPA official.
Paustenbach D. 2021. RE: Personal communication with a member of the
SACC panel.
Paustenbach D, Brew D. 2020. RE: updated comments by Paustenbach
on EPA draft risk evaluation for asbestos of March 30, 2020.
Washington, DC: Comments Submitted By Paustenbach and
Associates.
Paustenbach DJ, Finley BL, Lu ET, Brorby GP, Sheehan PJ. 2004. Environmental
and occupational health hazards associated with the presence of asbestos
in brake linings and pads (1900 To present): a “state-of-the-art” review. J
Toxicol Environ Health B Crit Rev. 7(1):25–80.
Paustenbach DJ, Richter RO, Finley BL, Sheehan PJ. 2003. An evaluation
of the historical exposures of mechanics to asbestos in brake dust.
Appl Occup Environ Hyg. 18(10):786–804.
Pavlisko EN, Liu B, Green C, Sporn T, Roggli VL. 2020. Malignant diffuse
mesothelioma in women: a study of 354 cases. Am J Surg Pathol.
44(3):293–304.
Pierce JS, Ruestow PS, Finley BL. 2016. An updated evaluation of
reported no-observed adverse effect levels for chrysotile asbestos for
lung cancer and mesothelioma. Crit Rev Toxicol. 46(7):561–586.
Pigg BJ. 1994. The uses of chrysotile. Ann Occup Hyg. 38(4):453–458.
Platek SF, Groth DH, Ulrich CE, Stettler LE, Finnell MS, Stoll M. 1985.
Chronic inhalation of short asbestos fibers. Fundam Appl Toxicol. 5(2):
327–340.
Plato N, Tornling G, Hogstedt C, Krantz G. 1995. An index of past asbestos exposure as applied to car and bus mechanics. Ann Occup Hyg.
39(4):441–454.

29

Poole A, Brown RC, Turver CJ, Skidmore JW, Griffiths DM. 1983. In vitro
genotoxic activities of fibrous erionite. Br J Cancer. 47(5):697–705.
Pooley FD, Mitha R. 1986. Determination and interpretation of the levels
of chrysotile asbestos in lung tisue. Biological effects of chrysotile.
Accomplishments Oncol. 1:12–18.
Pott F. 1978. Some aspects on the dosimetry of the carcinogenic potency
of asbesatos and other fibrous susts. Staub – Reinhalt. 38
Price B. 2020. Comments on: draft risk evaluation for asbestos - EPA
Document # EPA-740-R1-8012, March 2020. Washington (DC):
Comment submitted by Price Associates, Inc.
Price B, Ware A. 2009. Time trend of mesothelioma incidence in the
United States and projection of future cases: an update based on
SEER data for 1973 through 2005. Crit Rev Toxicol. 39(7):576–588.
Rake C, Gilham C, Hatch J, Darnton A, Hodgson J, Peto J. 2009.
Occupational, domestic and environmental mesothelioma risks in the
British population: a case-control study. Br J Cancer. 100(7):1175–1183.
Reid G. 2015. MicroRNAs in mesothelioma: from tumour suppressors and
biomarkers to therapeutic targets. J Thorac Dis. 7(6):1031–1040.
Reinstein L, Sussman R. 2020. Comments of asbestos disease awareness
organization on draft EPA Risk evaluation for asbestos under the toxic
substances control act. Redondo Beach (CA): Comment submitted by
Asbestos Disease Awareness Organization.
Richiardi L, Boffetta P, Simonato L, Forastiere F, Zambon P, Fortes C,
Gaborieau V, Merletti F. 2004. Occupational risk factors for lung cancer
in men and women: a population-based case-control study in Italy.
Cancer Causes Control. 15(3):285–294.
Richter RO, Finley BL, Paustenbach DJ, Williams PRD, Sheehan PJ. 2009.
An evaluation of short-term exposures of brake mechanics to asbestos
during automotive and truck brake cleaning and machining activities.
J Expo Sci Environ Epidemiol. 19(5):458–474.
Roberts D. 1980a. Allied brake shop. Cincinnatti (OH): National Institute
for Occupational Safety and Health.
Roberts D. 1980b. Reading brake and alignment service. Reading (OH):
National Institute for Occupational Safety and Health.
Roberts DR, Zumwalde RD. 1982. Industrial hygeine summary report of
asbestos exposure assessment for brake mechanics. Washington (DC):
Industrial Hygeine Section - National Institute for Occupational Safety
and Health.
€delsperger K, Jahn H, Br€
Ro
uckel B, Manke J, Paur R, Woitowitz HJ. 1986.
Asbestos dust exposure during brake repair. Am J Ind Med. 10(1):
63–72.
Roggli VL, Brody AR. 1984. Changes in numbers and dimensions of
chrysotile asbestos fibers in lungs of rats following short-term exposure. Exp Lung Res. 7(2):133–147.
Roggli VL, Sporn TA. 2020. Comments on draft risk evaluation for asbestos. Washington (DC): Duke University Medical Center.
Roggli V, Oury T, Moffatt E. 1997. Malignant mesothelioma in women.
anatomic pathology. Chicago (IL): ASCP Press.
Rolland P, Gramond C, Berron H, Ducamp S, Imbernon E, Goldberg M,
Brochard P. 2005. Pleural mesothelioma: professions and occupational
areas at risk among humans. Institut de Veille Sanitaire. 1–6.
Rolland P, Gramond C, Lacourt A, Astoul P, Chamming’S S, Ducamp S,
Frenay C, Galateau-Salle F, Ilg AGS, Imbernon E, et al. 2010.
Occupations and industries in France at high risk for pleural mesothelioma: a population-based case-control study (1998-2002). Am J
Ind Med. 53(12):1207–1219.
Rowson DM. 1978. The chrysotile content of the wear debris of brake linings. Wear. 47(2):315–321.
Saracci R. 1977. Asbestos and lung cancer: an analysis of the epidemiological evidence on the asbestos-smoking interaction: asbestos and
lung cancer. Int J Cancer. 20(3):323–331.
Schaapveld M, Aleman BMP, VAN Eggermond AM, Janus CPM, Krol ADG,
VAN DER Maazen RWM, Roesink J, Raemaekers JMM, DE Boer JP,
Zijlstra JM, et al. 2015. Second cancer risk up to 40 years after treatment for Hodgkin’s lymphoma. N Engl J Med. 373(26):2499–2511.
Schonfeld SJ, Mccormack V, Rutherford MJ, Sch€
uz J. 2014. Regional variations in German mesothelioma mortality rates: 2000–2010. Cancer
Causes Control. 25(5):615–624.
Schubauer-Berigan MK, Daniels RD, Bertke SJ, Tseng C-Y, Richardson DB.
2015. Cancer mortality through 2005 among a pooled cohort of U.s.

30

D. PAUSTENBACH ET AL.

nuclear workers exposed to external ionizing radiation. Radiat Res.
183(6):620–631.
Sebastien P, Mcdonald JC, Mcdonald AD, Case B, Harley R. 1989.
Respiratory cancer in chrysotile textile and mining industries: exposure
inferences from lung analysis. Br J Ind Med. 46(3):180–187.
Selikof IJ, Hammond EC, Churg J. 1968. Asbestos exposure, smoking, and
neoplasia. JAMA. 204:106–112.
Selikoff IJ, Hammond EC, Seidman H. 1979. Mortality experience of insulation workers in the United States and Canada, 1943–1976. Ann N Y
Acad Sci. 330:91–116.
Selikoff IJ, Seidman H, Hammond EC. 1980. Mortality effects of cigarette
smoking among amosite asbestos factory workers. J Natl Cancer Inst.
65(3):507–513.
Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D,
Tugwell P, Welch V, Kristjansson E, Henry DA. 2017. AMSTAR 2: a critical appraisal tool for systematic reviews that include randomised or
non-randomised studies of healthcare interventions, or both. BMJ.
358:j4008.
Sheehy JW, Cooper TC, O’Brien DM, Mcglothlin JD, Froehlich PA. 1989.
Control of asbestos exposure during brake drum service. Washington
(DC): U.S. Department of Health and Human Services, Public Health
Service, Centers for Disease Control, National Institute for
Occupational Safety and Health.
Sheehy J, Godbey F, Cooper T, Lenihan K, VAN Wagenen H, Mcglothlin J.
1987a. In-depth survey report: control technology for brake drum service operations at Ohio Department of Transportation, Maintenance
Facility, Lebanon, Ohio, CT-152-18b. Washington (DC): National
Institute for Occupational Safety and Health.
Sheehy J, Todd W, Cooper T, VAN Wagenen H. 1987b. In-depth survey report:
evaluation of brake drum service controls at Cincinnati Bell Maintenance
Facility, Fairfax, Ohio, Report No. CT-152-21B. Washington (DC): National
Institute for Occupational Safety and Health.
Shukla A, Jung M, Stern M, Fukagawa NK, Taatjes DJ, Sawyer D, VAN
Houten B, Mossman BT. 2003. Asbestos induces mitochondrial DNA
damage and dysfunction linked to the development of apoptosis. Am
J Physiol Lung Cell Mol Physiol. 285(5):L1018–L1025.
Spencer JW. 2003. Report of findings: exposure assessment: an evaluation of the contribution of airborne asbestos fibers from the removal
and installation of brake and clutch materials from John Deere tractors. Baltimore (MD): Environmental Profiles, Inc.
Spirtas R, Heineman EF, Bernstein L, Beebe GW, Keehn RJ, Stark A,
Harlow BL, Benichou J. 1994. Malignant mesothelioma: attributable
risk of asbestos exposure. Occup Environ Med. 51(12):804–811.
Spirtas R, Keehn R, Wright W, Stark A, Beebe G, Dickson E. 1985.
Mesothelioma risk related to occupational or other asbestos exposure:
preliminary results from a case control study. Am J Epidemiol. 122:
518.
Stanton MF. 1973. Some etiological considerations of fiber carcinogenesis. Biological effects of asbestos. Lyon (France): International Agency
for Research on Cancer.
Stanton MF, Layard M, Tegeris A, Miller E, May M, Kent E. 1977.
Carcinogenicity of fibrous glass: pleural response in the rat in relation
to fiber dimension. J Natl Cancer Inst. 58:17.
Stanton MF, Layard M, Tegeris A, Miller E, May M, Morgan E, Smith A. 1981.
Relation of particle dimension to carcinogenicity in amphibole asbestoses
and other fibrous minerals. J Natl Cancer Inst. 67(5):965–975.
Swanson GM, Lin CS, Burns PB. 1993. Diversity in the association
between occupation and lung cancer among black and white men.
Cancer Epidemiol Prev Biomark. 2:313–320.
Teschke K, Morgan MS, Checkoway H, Franklin G, Spinelli JJ, van Belle G,
Weiss NS. 1997. Mesothelioma surveillance to locate sources of exposure to asbestos. Can J Public Health. 88(3):163–168.
Teta MJ, Lau E, Sceurman BK, Wagner ME. 2007. Therapeutic radiation
for lymphoma: risk of malignant mesothelioma. Cancer. 109(7):
1432–1438.
Teta MJ, Lesinsohn H, Wister Meigs J, Vidone R, Mowad L, Flannery J.
1983. Mesothelioma in Connecticut, 1955–1977. J Occup Med, 25, 8.
Thomsen RW, Riis AH, Flachs EM, Garabrant DH, Bonde JPE, Toft
Sorensen H. 2021. Risk of asbestosis, mesothelioma, other lung

disease or death among motor vehicle mechanics: a 45-year Danish
cohort study. Thorax.
Tomasallo CD, Christensen KY, Raymond M, Creswell PD, Anderson HA,
Meiman JG. 2018. An occupational legacy: malignant mesothelioma
incidence and mortality in Wisconsin. J Occup Environ Med. 60(12):
1143–1149.
Tomasetti C, Li L, Vogelstein B. 2017. Stem cell divisions, somatic mutations, cancer etiology, and cancer prevention. Science. 355(6331):
1330–1334.
Tomasetti C, Vogelstein B. 2015. Cancer etiology. Variation in cancer risk
among tissues can be explained by the number of stem cell divisions.
Science. 347(6217):78–81.
Toyooka S, Kishimoto T, Date H. 2008. Advances in the molecular biology
of malignant mesothelioma. Acta Med Okayama. 62(1):1–7.
Travis LB, Fosså SD, Schonfeld SJ, Mcmaster ML, Lynch CF, Storm H, Hall
P, Holowaty E, Andersen A, Pukkala E, et al. 2005. Second cancers
among 40 576 testicular cancer patients: focus on long-term survivors.
J Natl Cancer Inst. 97(18):1354–1365.
Travis LB, Hauptmann M, Gaul LK, Storm HH, Goldman MB, Nyberg U,
Berger E, Janower ML, Hall P, Monson RR, et al. 2003. Site-specific cancer incidence and mortality after cerebral angiography with radioactive thorotrast. Radiat Res. 160(6):691–706.
Tward JD, Wendland MMM, Shrieve DC, Szabo A, Gaffney DK. 2006. The
risk of secondary malignancies over 30 years after the treatment of
non-Hodgkin lymphoma. Cancer. 107(1):108–115.
UNARCO. 2012. Insutape Inventory. CRMC-Marshville-002758.
UNARCO. 1954. Specifications on UNARCO Insubestos Felt. CRMC
Marshville Files 000444.
USGS. 2019. Mineral commodity summaries: asbestos. Washington (DC):
USGS.
VAN Kaick G, Dalheimer A, Hornik S, Kaul A, Liebermann D, L€
uhrs H,
Spiethoff A, Wegener K, Wesch H, Luhrs H. 1999. The German thorotrast study: recent results and assessment of risks. Radiat Res. 152(6
Suppl):S64–S71.
Vineis P, Thomas T, Hayes RB, Blot WJ, Mason TJ, Pickle LW, Correa P, Fontham
ET, Schoenberg J. 1988. Proportion of lung cancers in males, due to occupation, in different areas of the USA. Int J Cancer. 42(6):851–856.
Wagner JC, Berry G, Skidmore JW, Timbrell V. 1974. The effects of the
inhalation of asbestos in rats. Br J Cancer. 29(3):252–269.
Wagner JC, Skidmore JW, Hill RJ, Griffiths DM. 1985. Erionite exposure
and mesotheliomas in rats. Br J Cancer. 51(5):727–730.
Walls MP. 2020. Re: draft Risk Evaluation for Asbestos, EPA-740-R1-8012
(March 2020); for consideration by the Science Advisory Committee
on Chemicals. Washington (DC): American Chemistry Counsel (ACC).
Wassermann M, Wassermann D, Steinitz R, Katz L, Lemesch C. 1980.
Mesothelioma in children. In: Wagner, J. C. (ed.) Biological effects of mineral
fibres. Vol. 1. Lyon (France): International Agency for Research on Cancer.
Weglarz C, Hawkins E, Davis E. 2020. The EPA’s march to ban asbestos:
2020 draft risk evaluation. Def Couns J. 87(3).
Weil S. 1985. Asbestos exposure - brakes and ambient. Internal Memo to
Amy Moll. Washington (DC): United States Environmental Protection
Agency.
Weill D. 2018. Proceedings of the Monticello Conference on Elongate
Mineral Particles (EMP). Toxicol Appl Pharmacol. 361:1–2.
Weir FW, Tolar G, Meraz LB. 2001. Characterization of vehicular brake service personnel exposure to airborne asbestos and particulate. Appl
Occup Environ Hyg. 16(12):1139–1146.
Welch LS, Acherman YIZ, Haile E, Sokas RK, Sugarbaker PH. 2005.
Asbestos and peritoneal mesothelioma among college-educated men.
Int J Occup Environ Health. 11(3):254–258.
Williams PRD. 2020. Comments on EPA’s Draft Toxic Substances Control
Act (TSCA) risk evaluation for asbestos (EPA-740-R1-8012). Washington
(DC): Comment submitted by E Risk Sciences, LLP.
Williams RL, Muhlbaier JL. 1982. Asbestos brake emissions. Environ Res.
29(1):70–82.
Williams RR, Stegens NL, Goldsmith JR. 1977. Associations of cancer site
and type with occupation and industry from the Third National
Cancer Survey Interview. J Natl Cancer Inst. 59(4):1147–1185.
Woitowitz H-J, Rodelsperger K. 1994. Mesothelioma among car mechanics? Ann Occup Hyg. 38(4):635–638.

CRITICAL REVIEWS IN TOXICOLOGY

Wong O. 2001. Malignant Mesothelioma and asbestos exposure among
auto mechanics: appraisal of scientific evidence. Regul Toxicol
Pharmacol. 34(2):170–177.
Yano E, Wang X, Wang M, Qiu H, Wang Z. 2010. Lung cancer mortality
from exposure to chrysotile asbestos and smoking: a case-control

31

study within a cohort in China. Occup Environ Med. 67(12):
867–871.
Yeung P, Patience K, Apthorpe L, Willcocks D. 1999. An Australian study
to evaluate worker exposure to chrysotile in the automotive service
industry. Appl Occup Environ Hyg. 14(7):449–458.

