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1. INTRODUCTION

Talc is a hydrated sheet silicate mineral com-

Over time, concerns have been raised regarding the potential for human exposure and risk
from asbestos in cosmetic-talc—containing consumer products. In 1985, the U.S. Food and
Drug Administration (FDA) conducted a risk assessment evaluating the potential inhalation
asbestos exposure associated with the cosmetic talc consumer use scenario of powdering an
infant during diapering, and found that risks were below levels associated with background
asbestos exposures and risk. However, given the scope and age of the FDA’s assessment,
it was unknown whether the agency’s conclusions remained relevant to current risk assess-
ment practices, talc application scenarios, and exposure data. This analysis updates the pre-
vious FDA assessment by incorporating the current published exposure literature associated
with consumer use of talcum powder and using the current U.S. Environmental Protection
Agency’s (EPA) nonoccupational asbestos risk assessment approach to estimate potential
cumulative asbestos exposure and risk for four use scenarios: (1) infant exposure during di-
apering; (2) adult exposure from infant diapering; (3) adult exposure from face powdering;
and (4) adult exposure from body powdering. The estimated range of cumulative asbestos
exposure potential for all scenarios (assuming an asbestos content of 0.1%) ranged from
0.0000021 to 0.0096 f/cc-yr and resulted in risk estimates that were within or below EPA’s
acceptable target risk levels. Consistent with the original FDA findings, exposure and corre-
sponding health risk in this range were orders of magnitude below upper-bound estimates of
cumulative asbestos exposure and risk at ambient levels, which have not been associated with
increased incidence of asbestos-related disease.
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which talc may be dominant, abundant, minor, or
entirely absent” (Grexa & Parmentier, 1979, p. 29;
International Agency for Research on Cancer, 2010).

posed of magnesium, silica (SiO;: silicone and
oxygen), and water. Since large bodies of pure
talc are rare, the commercial term “talc” refers to
“various rocks composed of magnesium silicates in
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Talc is used commercially for a variety of purposes,
including as an antisticking or anticaking agent, or as
a lubricant, thickener, pigment, absorbent, carrier, or
filler (International Agency for Research on Cancer,
2010). There are two general grades of commercial
talcs: industrial and cosmetic. These grades are classi-
fication standards that refer to the purity of the com-
mercial talc product. Cosmetic talc mainly consists of
relatively pure platiform talc, whereas industrial talc
may be platiform or fibrous and may contain other
minerals (American Conference of Governmental
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Industrial Hygienists, 2010; International Agency for
Research on Cancer, 2010). Platiform or platy refers
to a mineral shape consisting of overlying plates with
one short and two longer dimensions, while fibrous
is used to generally describe the morphology of a
mineral occurring in long, thin particles (Campbell,
Blake, Brown, Cather, & Sjoberg, 1977).

Talc is formed under geological conditions
that give rise to a unique mineral composition and
characteristic crystal shape, or habit, that varies
depending on the geographical location of the talc
deposit (Campbell et al., 1977; Van Gosen, Lowers,
Sutley, & Gent, 2004). It has been reported that the
most common minerals occurring with talc include
chlorite, magnesite, dolomite, anthophyllite, serpen-
tine, quartz, and tremolite (International Agency
for Research on Cancer, 2010). Within a single talc
deposit, amphiboles, if present, can occur in a range
of habits from blocky, prismatic, and acicular (all
considered nonasbestiform) to asbestiform (Van
Gosen et al., 2004). Asbestiform and nonasbestiform
particles exhibit distinct mineralogical characteris-
tics that allow them to be distinguished from one
another (Campbell et al., 1977; National Institute for
Occupational Safety and Health, 2011; Strohmeier
et al., 2010; Wylie & Verkouteren, 2000; Wylie,
Virta, & Russek, 1985). Asbestiform describes
“the unusual crystallization morphology that these
minerals display when formed as aggregates of
thin, hair-like fibres,” whereas nonasbestiform de-
scribes minerals that form random, multidirectional
growth patterns (Gunter, Belluso, & Mottana, 2007,
Strohmeier et al., 2010, p. 802). Asbestiform fibers
have a high length-to-width ratio (aspect ratio),
high tensile strength, and flexibility (Addison &
McConnell, 2008; U.S. Environmental Protection
Agency, 1993). Further, the U.S. Environmental
Protection Agency (EPA) explained that the asbesti-
form habit is generally recognized by fiber aspect
ratios of 20:1 to 100:1 or higher for fibers greater than
5 pm in length and usually less than 0.5 ym in diam-
eter (U.S. Environmental Protection Agency, 1993).

Many regulatory and public health agencies and
organizations, as well as scientific bodies, agree that
the biological activity of asbestiform and nonasbesti-
form structures is markedly different, the latter being
“less bioreactive and cytotoxic” (Addison & Mc-
Connell, 2008, p. S200; Agency for Toxic Substances
and Disease Registry, 2001b; American Thoracic So-
ciety, 1990; Consumer Product Safety Commission,
1988; Gamble & Gibbs, 2008; Mossman, 2008; Oc-
cupational Safety and Health Administration, 1992;
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Vu, 1993). The mechanical forces present during
mining and milling techniques used to process raw
minerals can create cleavage fragments from nonas-
bestiform structures. This is particularly relevant
during the processing of raw talc containing nonas-
bestiform tremolite (Hamer, Rolle, & Schelz, 1976;
International Agency for Research on Cancer, 2010;
Pang, Schonfeld, & Nazar, 1987). Campbell et al.
reported that “a few elongated particles” generated
from the crushing of nonasbestiform tremolite may
resemble fibers similar to those derived from an
asbestiform mineral sample (Campbell et al., 1977,
p- 39). Further, the Agency for Toxic Substances
and Disease Registry (ATSDR) noted that “some-
times it can be difficult to distinguish an isolated
non-asbestiform cleavage fragment from an isolated
asbestos fiber” (Agency for Toxic Substances and
Disease Registry, 2001a, p. 8). Even though such
elongated particles are derived from a nonasbesti-
form source and would be classified as cleavage
fragments, they would be counted with asbestiform
fibers if they fall under the dimensional definition of
a fiber using the phase contrast microscopy (PCM)
analytical method alone (Agency for Toxic Sub-
stances and Disease Registry, 2001b; Virta, 2001).
Several federal agencies define a fiber as a particle
with a length of 5 um or longer and an aspect ratio
of 3:1 or greater (National Institute for Occupational
Safety and Health, 2011; Occupational Safety and
Health Administration, 1994). However, such crite-
ria do not apply in the determination of whether a
mineral sample, such as tremolite, is asbestiform.
Concerns were raised in the late 1960s and early
1970s that cosmetic talc products sourced from some
mineralogical formations subject to specific geo-
logical conditions could contain asbestos. Asbestos
encompasses a group of six chemically and physically
diverse types of asbestiform mineral fibers that are
characterized according to morphology as serpentine
(chrysotile) or amphibole (crocidolite, amosite,
tremolite, anthophyllite, and actinolite). Some early
studies conducted during this same period of time at-
tempted to characterize the asbestos content of con-
sumer talcum powder samples (Cralley, Key, Groth,
Lainhart, & Ligo, 1968; Lewin, 1972; Rohl & Langer,
1974; Rohl et al., 1976; Snider, Pfeiffer, & Mancuso,
1972). However, it became apparent to the Food and
Drug Administration (FDA), and other regulatory
bodies, that many of the analytical methods applied
in these studies were not performed or interpreted
correctly or consistently. In many cases, the avail-
able analytical approaches used were unable to
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distinguish between asbestiform and nonasbestiform
minerals (Swanson, 1986). The limited reliability of
the reported results was subsequently recognized,
in some cases by the original authors themselves,
resulting in scientific and regulatory efforts to
increase the sophistication and reliability of bulk
asbestos analysis in talc (Addison & Langer, 2000;
Caneer, 1973; International Agency for Research
on Cancer, 2010; Krause, 1977; Rohl & Langer,
1979; Swanson, 1986). Amid these concerns and in
an effort to properly characterize asbestos content
in cosmetic talcum powders, the FDA conducted a
series of bulk sample analyses of cosmetic talcum
powders throughout the 1970s, and as recently as
2010, to assess potential health risks to consumers.
Nearly all FDA bulk cosmetic talc sample testing
results indicated that no asbestos was present in the
products evaluated. For example, in the results from
surveys conducted in 1975 (73 products), 1977 (46
samples of an unreported number of products), and
2009 and 2010 (34 products), no asbestos was re-
ported, with the possible exception of three samples
(Eiermann, 1976a, 1976b; Kennedy, 1979; U.S. Food
and Drug Administration, 2018). For these three
samples, the results were reported to be at or below
the acceptable limit of 0.1% asbestos in cosmetic
talc proposed by the FDA in 1973, and may have
included nonasbestiform mineral particles, based on
the sampling method (Brown, 1985a; Kennedy, 1979;
U.S. Food and Drug Administration, 1973).

In 1985, in response to a citizen’s petition,
the FDA’s Quantitative Risk Assessment (QRA)
Committee conducted an analysis of the potential
for cancer risk from consumer exposure to asbestos
during the use of cosmetic talc. This risk assessment
was based on what the FDA considered to be an
upper-bound or worst-case scenario of applying tal-
cum powder to an infant during multiple daily diaper
changes over an estimated two-year period. Based
on 1977 FDA cosmetic talc testing and “other recent
samples,” the committee estimated that cosmetic talc
could have contained, as an upper bound, as much
as 0.1% asbestos (Brown, 1985a, p. 1). Previously,
the FDA found, based on its analysis of cosmetic
talcum powders in 1977, that the “cosmetic grades
of talc are usually free of asbestiform particles,” and
when present, “the level was only 0.1 percent or less”
(Kennedy, 1979, p. 3). Following a detailed analysis
using four comparative asbestos risk assessment
approaches, the FDA concluded, in 1985, that over
a two-year period of infant diapering, the “added
human risk of lung cancer and mesothelioma from

possible asbestos in talc is less than 10~ lifetime risk
and quite possibly orders of magnitude less” (Brown,
1985a, p. 1, 1985b). The FDA further stated that,
while the adult performing the diapering could also
receive an exposure during each event, “their added
lifetime risk from talc should be relatively smaller
than the infant’s since their mouths and noses are
considerably further from” any airborne talc dust
(Brown, 1985a, p. 5). The FDA also compared the
estimated cumulative exposure from use of cosmetic
talcum powder to cumulative ambient or background
asbestos exposures and concluded that “the risk from
a worst-case estimate of exposure to asbestos from
cosmetic talc would be less than the risk from envi-
ronmental background levels of exposure to asbestos
(non-occupational exposure) over a lifetime” (Swan-
son, 1986, p. 2). The FDA has continued to receive
petitions to place a cancer warning label on cosmetic
talcum powder products despite the analysis and
conclusions presented in its risk assessment; peti-
tions have been denied as recently as 2014 (Musser,
2014).

The FDA risk assessment made use of state-
of-the-art risk assessment knowledge and talc dust
exposure measurements at the time; however, a
significant amount of research and data have been
collected since the 1985 assessment. It was of interest
to determine if the original conclusions of the as-
sessment are still relevant and applicable, given the
quantity of new data that address a far broader range
of cosmetic talc use scenarios compared to the origi-
nal FDA assessment. Additionally, the methods used
in the 1985 assessment may no longer represent the
regulatory position with respect to nonoccupational
risk assessment. For example, the EPA has pub-
lished and subsequently updated a formal regulatory
approach to asbestos risk assessment since that time,
and additional benchmarks and data with respect
to risk characterization relevant to understanding
nonoccupational exposures have been published.
Further, it was also of interest to evaluate whether
the infant diapering scenario was in fact a worst-case
talc exposure scenario. The purpose of this assess-
ment was, therefore, to address concerns over the
possible presence of asbestos in talc-containing con-
sumer products by comparing the original FDA risk
assessment approach with a contemporary risk-based
U.S. regulatory approach. This assessment provides
an evaluation of the applicability of the FDA assess-
ment using current regulatory methods and data. It
also addresses important data gaps by expanding on
the original risk assessment and characterizing the
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potential exposures and risks associated with typical
use scenarios not originally characterized in the
FDA risk assessment. This updated analysis focused
on measured PCM airborne fiber concentration
data from all identified uses of cosmetic talc in the
literature, as well as total and respirable dust air
concentration data, in order to evaluate potential
exposure and risk to users of cosmetic talcum pow-
der products using a consistent metric of fibers per
cubic centimeter (f/cc). This method allowed for an
upper-bound characterization across all studies for
the airborne fiber concentration associated with the
application of cosmetic talc. Human health risks
were also evaluated using a comparative benchmark
approach for cumulative exposures associated with
the cosmetic talc application scenarios of interest
compared to background and regulatory levels.
To our knowledge, this is the first analysis to date
in which a comprehensive risk assessment was
performed that evaluated the potential for asbestos
exposure and human health risk for four infant and
adult cosmetic talc use scenarios using the EPA’s
current nonoccupational asbestos regulatory risk
assessment methods and other important relevant
benchmarks, including the best available current
data on general population background airborne
fiber concentrations and cumulative lifetime asbestos
exposures and risk, consistent with FDA’s original
analysis.

2. METHODS AND MATERIALS

2.1. Literature Search

A detailed literature review was conducted to
identify studies that provided measured airborne
concentration and/or health risk data associated with
the use of cosmetic talcum powders. Our search
included both peer-reviewed literature and reports
published for governmental organizations, as well as
other available unpublished studies. All studies that
provided task-based personal airborne concentration
measurement data associated with the use of cos-
metic talcum powder products were included in our
analysis.

2.2. Exposure Assessment

An exposure assessment was conducted to eval-
uate the potential for cumulative lifetime asbestos
exposure associated with the consumer talc use
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scenarios that have been described in the litera-
ture (Sahmel et al.,, 2014, 2016; Sahmel, Devlin,
Paustenbach, Hollins, & Gaffney, 2010). Cumulative
exposure to asbestos, expressed as fibers per cubic
centimeter-years (f/cc-yr), was calculated using the
following equation:

CECENV =Cx ET X E[: X ED X CF, (1)

where CECgny is cumulative asbestos exposure over
time on an environmental basis (f/cc-yr); C is task-
based personal airborne fiber concentration (f/cc);
Er is the exposure time (minutes/use); EF is the ex-
posure frequency (number of uses/year); Ep is the
exposure duration (years); and Cr is the conversion
factor for the number of total minutes in a year
(year/minutes).

Expressing cumulative exposure as an environ-
mental year (i.e., 24 hours a day, seven days a week)
allows for a direct comparison to ambient exposures
to asbestos to the general population in the United
States. However, such a metric is not directly compa-
rable to the cumulative asbestos exposures presented
in occupational studies. For the purposes of this as-
sessment, the results were presented in environmen-
tal years rather than occupational years; an occu-
pational year typically includes approximately 2,080
working hours per year rather than 8,760 total hours
per environmental year. These environmental cumu-
lative exposure values will therefore be lower than if
converted to an equivalent occupational cumulative
exposure value.

2.2.1. Exposure Duration and Frequency
(Er, EF, Ep)

Duration and frequency were compiled from
the studies identified in the literature review. Study-
reported sample duration was used to estimate expo-
sure time (Et).

It has been noted in the literature that a duration
of two years is approximately the time after which
an infant would begin to transition out of diapers
(Schmitt, 2004). Consistent with the literature and
the 1985 FDA risk assessment, an exposure duration
(Ep) of two years was selected for the infant pow-
dering scenarios in this analysis. Based on a survey
conducted of 76 mothers applying talcum powder
to their infants and the average frequency for use
of baby powder on an infant reported in the EPA’s
Exposure Factors Handbook, a frequency (Ef) of
five applications per day was used for the exposure
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calculations in this assessment (Hildick-Smith, 1976;
U.S. Environmental Protection Agency, 2011).

This assessment also characterized typical per-
sonal adult cosmetic talc exposures potentially ex-
perienced during daily use over a 70-year lifetime;
70 years is a standard assumption for a lifetime used
in EPA risk assessments (U.S. Environmental Pro-
tection Agency, 2011). Consistent with the average
frequency reported in the EPA’s Exposure Factors
Handbook and Zazenski et al. (1995), a frequency
(Er) of one adult cosmetic talc application per day,
seven days a week, was identified for the adult ap-
plication scenarios (U.S. Environmental Protection
Agency, 2011; Zazenski et al., 1995).

2.2.2. Airborne Talc Concentration (C)

Both airborne dust and fiber concentrations
were assessed from published studies and publicly
available reports. This analysis focused solely on
quantitative personal or breathing zone airborne
concentration measurement data specifically col-
lected during the use or application of cosmetic
talcum powder. In addition to reported airborne
fiber concentration data, all available total and
respirable dust data published in the peer-reviewed
literature were evaluated as surrogate data in sup-
port of the exposure assessment. A summary of the
reported airborne dust and fiber concentration mea-
surements associated with the consumer application
of cosmetic talcum powder is presented in Table I.

All total and respirable airborne dust concen-
tration data reported in the relevant studies were
converted to an estimated airborne fiber concen-
tration to allow for comparisons across all available
consumer talc use measurement studies. Conversion
methods and calculations were carefully reviewed
and compared with the published literature and are
described in detail in Section 4.2. For the airborne
fiber concentrations, an upper-bound estimate of
0.1% asbestos in cosmetic talc was applied. This is
also the same value that was used in the 1985 FDA’s
risk assessment, in which they indicated that the
estimated upper-bound percentage of asbestos in
the bulk talc is proportional to the percentage of
asbestos fibers in the measured air concentration.
Cumulative asbestos exposure estimates were then
calculated for each identified consumer talc use
scenario using measured and estimated airborne
fiber concentration data and the asbestos content
factor of 0.1% (Taylor, 1984).

2.2.3. Comparison to Daily Occupational Talc
Exposure Levels (Cgp,)

The talcum powder airborne dust concentration
measurements reported in the literature were also
used to estimate daily eight-hour time weighted av-
erages (TWAS) in order to compare calculated con-
sumer exposure potential to the established U.S.
Department of Labor’s, Occupational Safety and
Health Administration (OSHA) Permissible Expo-
sure Limit (PEL) for talc dust of 20 million particles
per cubic foot (mppcf) or approximately 3 milligram
per cubic meter (mg/m?) (National Institute for Oc-
cupational Safety and Health, 1988). Similar analyses
have been performed by others for the purposes of
benchmark comparisons (Zazenski et al., 1995).

The eight-hour TWA was calculated as follows:

> Giti

Cspr = ,
8 = 480 minutes

2
where Cgy, is the eight-hour TWA concentration
(f/cc), C; is the concentration during the ith use (f/cc),
#; is the time duration of the ith use (minutes), and n
is the number of discrete uses.

2.3. Regulatory Risk Characterization

Asbestos inhalation risks were estimated using
the current standard EPA nonoccupational regula-
tory asbestos risk equation for inhalation carcinogens
(U.S. Environmental Protection Agency, 2008):

Risk = EPC x TWF x IUR, 3)

where EPC is the exposure point concentration
(f/cc), TWF is the time weighting factor (unitless),
and TUR is the inhalation unit risk (f/cc)~!.

TWEF is the fraction of the year during which ex-
posure from a particular activity can occur. It was cal-
culated as follows:

Errwry X Er@wr @)
(24 hr/day) x (365 day/year)’

where E7 (rwr) is the exposure time (hours ex-
posed/day) and Er (rwr) is the exposure frequency
(days/year).

IUR represents the unit risk associated with age
at first exposure and exposure duration for a given
exposure scenario. The asbestos IUR does not dis-
tinguish between the asbestos fiber types (U.S. Envi-
ronmental Protection Agency, 2008).

The theoretical risks calculated using the cur-
rent EPA regulatory risk model assumptions provide
a value that can be compared against appropriate

TWF =
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environmental target risk levels, such as 1 x 107%,
1 x 1073, or 1 x 107°. These theoretical risk esti-
mates correspond to population-based risk equiva-
lents of approximately 1 in 10,000, 1 in 100,000, or
1 in 1 million, respectively (U.S. Environmental Pro-
tection Agency, 2008).

3. RESULTS

3.1. Literature Search

The initial literature search returned 590 results.
In total, seven of these studies contained measured
airborne concentration data associated with the con-
sumer use of cosmetic talcum powder products
(Anderson, Sheehan, Kalmes, & Griffin, 2017; Ay-
lott, Byrne, Middleton, & Roberts, 1979; Dement,
Shuler, & Zumwalde, 1972; Gordon, Fitzgerald, &
Millette, 2014; Hildick-Smith, 1976; Moon et al.,
2011; Russell, Merz, Sherman, & Sivertson, 1979).
Of the studies identified, four studies presented mea-
sured airborne dust concentration data and two pre-
sented measured airborne fiber concentration data.
One study presented both dust concentration and air-
borne fiber concentration data (Table I).

Based on the literature review, four exposure
scenarios were identified: (1) infant exposure dur-
ing diapering, (2) adult exposure from infant diaper-
ing, (3) adult exposure from face powdering, and (4)
adult exposure from body powdering.

3.2. Respirable and Total Dust to Airborne Fiber
Concentration Conversion Analysis

Where respirable dust data were expressed in
terms of mg/m?, a conversion to units of mppcf was
performed. It was reported by NIOSH that the cur-
rent OSHA PEL for talc dust of 20 mppcf is ap-
proximately equivalent to 3 mg/m® (National Insti-
tute for Occupational Safety and Health, 1988). In
addition, Equation (5) has been described in the lit-
erature as a method for converting airborne talc dust
concentrations between mppcf and mg/m® (Interna-
tional Agency for Research on Cancer, 2010; Oesten-
stad, Honda, Delzell, & Brill, 2002):

In (mg/m’) = In(mppef) x 0.62 —1.20.  (5)

For low airborne dust concentrations associated
with the use of cosmetic talc products, the use of the
conversion factor reported by NIOSH was shown
to be more conservative (i.e., resulted in a higher
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conversion value). Therefore, the NIOSH conver-
sion factor expressed as 1 mppcf to 0.15 mg/m?
rather than Equation (5) was used to perform the
conversion so as not to underestimate the asbestos
exposure potential.

Next, a conversion to units of f/cc was required
for total dust data (both measured and converted)
expressed in mppcf. In 1979, Dement and Zumwalde
(1979) published a study presenting concurrent air-
borne dust (mppcf) and fiber (f/cc) exposures for talc
miners and millers working at a mining region lo-
cated in New York State. Based on these data, a talc-
specific mppcf to fiber conversion factor was calcu-
lated; only the miller data were utilized as it is more
likely that the exposures experienced by end-users of
the finished product would be more comparable to
the material handled by millers. The reported aver-
age TWA for millers in mppcf was 2.9 and the av-
erage TWA for millers in f/cc was 5.0; this equated
to a ratio of approximately 1.72 f/cc to 1 mppcf for
talc. A published conversion factor for asbestos of
6 to 1 for the relative ratio of f/cc to mppcf noted
by OSHA and EPA in their asbestos risk assess-
ments was also considered (Lynch & Ayer, 1968; Oc-
cupational Safety and Health Administration, 1983;
U.S. Environmental Protection Agency, 1986a). Ad-
ditionally, the ATSDR has stated that when a more
accurate value is not available for conversion, a con-
version ratio of 3 to 1 for the relative ratio of f/cc to
mppcf can be used (Agency for Toxic Substances and
Disease Registry, 2001b; Lane et al., 1968). The 6 to
1 and the 3 to 1 ratios may overestimate the potential
for airborne fiber concentrations associated with talc
use specifically, given that the side-by-side measured
data from the talc-specific Dement and Zumwalde
study provided a conversion factor of 1.72 to 1 for
f/cc to mppcf. As such, the application of the 6 to 1
ratio serves as an upper-bound means of converting
between mppcf and f/cc for talc exposure data in the
analysis, while the application of the 1.72 to 1 ratio
may be more consistent with talc-specific exposure
potential when fibers are present in talc.

Subsequent to the conversion analysis, an anal-
ysis was performed whereby all the data were com-
pared using the same exposure metric. The measured
airborne dust concentration data reported in units
of mg/m® and mppcf were converted to f/cc using
both the 1.72 to 1 and 6 to 1 (f/cc: mppcf) conversion
factors and plotted against the measured PCM data
reported in the literature to ensure the validity of
the conversion factors and to identify any potential
outliers. The data converted to units of f/cc using the
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Fig. 1. Comparison of reported PCM and converted airborne dust data to f/cc infant powder scenarios 1 (a) and 2 (b) and for adult powder

scenarios 3 (c) and 4 (d).

Note: D, dust data; F, fiber data; D 1972, Dement et al. (1972); Ay 1979, Aylott et al. (1979); R 1979, Russell et al. (1979); H 1976, Hildick-
Smith (1976); M 2011, Moon et al. (2011); G 2014, Gordon et al. (2014); An 2017, Anderson et al. (2017).

1.72 to 1 conversion factor were well within the range
of measured PCM airborne fiber data (Fig. 1). Fur-
ther, the results of this analysis demonstrated that the
use of the 6 to 1 ratio skewed the estimated airborne
fiber concentration data above the highest measured
fiber data for the adult and infant use scenarios.
Therefore, the 1.72 to 1 conversion factor, which was
specific to talc, appeared to be most appropriate for
the scenarios evaluated in this study, and was used
for the purposes of our risk analysis. The respirable
dust conversions, along with all identified measured
cosmetic talc exposure data, are reported in Table 1.

3.3. Exposure Assessment

3.3.1. Scenario I: Infant Powdering—
Infant Exposure

Aylott et al. (1979), Russell et al. (1979), and
Moon et al. (2011) reported respirable talc parti-
cle exposures to an infant generated from the ap-
plication of cosmetic talcum powder during diaper-
ing activities. Sample durations ranged from 0.35 to
5 minutes with powdering times from 15 to 60 sec-
onds. The estimated cumulative exposures based on

an environmental year using data from studies re-
porting talc dust airborne concentrations and the
previously reported duration and frequency of use
parameters ranged from 0.000009 to 0.00008 f/cc-yr
(8.8 x 107 to 8.4 x 107 f/cc-yr; Table IT). Dement
et al. (1972) was the only study that presented mea-
sured airborne fiber concentrations associated with
use of cosmetic talc for the infant powdering sce-
nario. Sample durations ranged from 2 to 3 minutes
with powdering times from 5 to 15 seconds. The cu-
mulative exposure for an environmental year ranged
from 0.00001 to 0.00003 f/cc-yr (1.1 x 107> to 3.4 x
1073 f/cc-yr; Table II).

3.3.2. Scenario 2: Infant Powdering—
Adult Exposure

Hildick-Smith (1976) and Moon et al. (2011)
reported respirable talc particle exposure to an
adult produced during the powdering of an in-
fant while diapering. Sample durations were
1.25 minutes and 5 minutes with respective pow-
dering times of 10 seconds and 30 seconds. The
estimated cumulative exposures based on an envi-
ronmental year using data from Hildick-Smith (1976)
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Potential Asbestos Exposure and Risk Associated with Cosmetic Talc 1

and Moon et al. (2011), along with the previously
identified usage parameters, were both 0.000002
f/cc-yr (2.1 x 1076 f/cc-yr; Table II). In comparison,
the measured airborne fiber concentrations reported
by Dement et al. (1972) represent the upper bound
of estimated exposures for this scenario, where the
cumulative exposure for an environmental year
ranged from 0.00002 to 0.00004 f/cc-yr (1.8 x 107>
to 3.8 x 107> f/cc-yr; Table II). Sample durations
ranged from 2 to 3 minutes with powdering times
from 5 to 15 seconds. Similar to Scenario 1, all study
results were within a consistent range of an order of
magnitude.

3.3.3. Scenario 3: Adult Face Powdering

Aylott et al. (1979) was the only study iden-
tified that presented measured airborne talc con-
centrations during the consumer application of
cosmetic facial talcum powder. Powdering times
ranged from 10 to 26 seconds with a sample dura-
tion of 5 minutes. The authors reported respirable
talc particle concentrations of 0.48 mg/m?. Calcu-
lated cumulative exposure for lifetime daily use
on an environmental year basis was 0.001 f/cc-yr
(1.3 x 1073 f/cc-yr; Table ).

3.3.4. Scenario 4: Adult Body Powdering

Aylott et al. (1979) and Russell et al. (1979) re-
ported respirable talc particle concentrations during
consumer application of body powder. Sample du-
rations ranged from 0.68 to 5 minutes with powder-
ing times from 15 to 107 seconds. The estimated cu-
mulative exposures for daily lifetime talc application
to the body based on an environmental year using
data from studies reporting talc dust airborne con-
centrations were 0.002 f/cc-yr (2.0 x 1073 f/cc-yr) and
0.003 f/cc-yr (3.1 x 1073 f/cc-yr), respectively.

Both Gordon et al. (2014) and Anderson et al.
(2017) analyzed airborne fiber concentrations associ-
ated with the consumer use of cosmetic talcum pow-
der using the NIOSH 7400 (PCM) and 7402 (PCM
equivalent, PCME) methods. Sample durations used
in Gordon et al. (2014) ranged from 3.3 to 5 minutes
with powdering times of 55 or 57 seconds. Ander-
son et al. (2017) collected eight sequential powder-
ing events over the course of 48 minutes, at approxi-
mately 6-minute intervals per application event; pow-
dering times ranged from 13 to 47 seconds. There was
substantial disagreement between these two studies
using the NIOSH 7402 method. It is important to

note that detection of measurable fibers via TEM
analysis does not necessarily positively identify the
presence of asbestiform mineral fibers. For example,
as the NIOSH 7402 method explains, the presence
of minerals chemically similar to asbestos (e.g., py-
roxenes, massive amphiboles, and talc fibers) “may
warrant the use of more powerful diffraction pat-
tern analysis before positive identification can be
made” because “high concentrations of background
dust,” such as talc, can “interfere with fiber identifi-
cation” (National Institute for Occupational Safety
and Health, 1994, p. 1, 5). Therefore, in an effort
to eliminate any potential issues over the limitations
of the analytical methods used to identify asbestos
fibers, only the PCM data presented in Gordon et al.
(2014) and Anderson et al. (2017) were used to cal-
culate a hypothetical cumulative exposure concen-
tration. These values were also then directly compa-
rable to the Dement PCM data and the converted
dust measurements. The cumulative asbestos expo-
sure estimates for daily lifetime talc use calculated
using PCM data from the Gordon et al. (2014) study
ranged from 0.001 to 0.01 f/cc-yr (1.2 x 1072 to 9.6
x 1073 f/cc-yr). These estimates represent talc ap-
plication using a shaker method and puff applicator
method, respectively. The cumulative asbestos expo-
sure estimate calculated using PCM data from An-
derson et al. (2017) was 0.00007 f/cc-yr (6.6 x 107>
f/cc-yr).

3.4. Risk Characterization
3.4.1. Regulatory Risk Assessment

The noncontinuous or less-than-lifetime TUR
(for lung cancer and mesothelioma combined)
was used to characterize risk from all scenarios
evaluated in this analysis due to the intermittent or
episodic nature of typical use scenarios involving
cosmetic talcum powder products. The exposure
duration selected for infant and adult exposure
during infant powdering scenarios (Scenarios 1 and
2) was two years with an age at start of exposure
of 0 years for the infant and 18 years for the adult,
resulting in IURs of 0.020 and 0.010, respectively. A
less-than-lifetime TUR of 0.22 f/cc™! was calculated
for the adult use over a 70-year lifetime (with an
age at start of exposure of 0 years; Scenarios 3
and 4) (U.S. Environmental Protection Agency,
2008). The cancer risk estimates calculated for the
two infant diapering scenarios (Scenarios 1 and 2:
infant and adult exposure over the course of two
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years for one infant) resulted in 10~% to 107% added
theoretical risk. The cancer risk estimates calculated
for the consumer application of facial talcum powder
(Scenario 3: adult exposure over the course of 70
years) resulted in less than 10~> added theoretical
risk. Similarly, the cancer risk estimates calcu-
lated for consumer application of body powder
(Scenario 4: adult exposure over the course of 70
years) resulted in less than 10~* added theoretical
risk.

3.4.2. Benchmark Analysis to Lifetime Cumulative
Ambient Exposures and Risk

Estimated cumulative asbestos exposures for
typical consumer use of talcum powder were com-
pared with the estimated cumulative lifetime expo-
sures associated with exposure to background levels
of asbestos in ambient air for reference (Table III).
This comparison is consistent with the FDA’s risk
assessment, in which it also compared its results to
background asbestos exposures.

For the purpose of benchmark comparison for
human health risk assessment, it is important to
consider the level of ambient or background ex-
posure to which persons may actually be exposed
based on human activity patterns. The U.K. Com-
mittee on Carcinogenicity states that ambient con-
ditions are “the normal conditions surrounding a
person,” which includes both indoor and outdoor
air (Committee on Carcinogenicity, 2013, p. 3).
According to the EPA’s 2011 Exposure Factors
Handbook, an individual spends on average 20
hours indoors (range = 19-24 hours) per day and
four hours outdoors (range = 0-5 hours) per day
(U.S. Environmental Protection Agency, 2011). A
number of peer-reviewed and government studies
have reported measurements of airborne fiber and
asbestos-specific fiber concentrations found in both
the indoor and outdoor ambient air in the United
States.

Measurements of asbestos-specific ambient fiber
concentrations of at least 5 um in length or longer
are the most relevant to human health risk assess-
ment. Abelmann et al. (2015) conducted a review
and assessment of outdoor ambient airborne as-
bestos concentrations in the absence of known as-
bestos emission sources from the 1960s to the 2000s,
and reported a fiber concentration range from non-
detectable to 0.050 f/cc; this analysis included PCM
measurements, which do not distinguish asbestos

Burns et al.

fibers from other fibers. Additionally, they reported
an asbestos-specific concentration ranging from non-
detectable to 0.0047 f/cc (not including mass-based
data) (Abelmann et al., 2015). Nolan and Langer
(2001) and Lee and Van Orden (2008) collectively
reported measured asbestos-specific airborne con-
centration measurements for fibers at least 5 yum in
length or longer in the outdoor ambient air to be in
the range of nondetectable to 0.0047 f/cc (Lee & Van
Orden, 2008; Nolan & Langer, 2001). For indoor am-
bient concentrations of asbestos fibers at least 5 um
in length or longer with no disturbance of known
asbestos-containing materials, Nolan and Langer
(2001) and Lee and Van Orden (2008) reported mea-
surements ranging from nondetectable to 0.0057 f/cc
(Lee & Van Orden, 2008; Nolan & Langer, 2001).
The ATSDR stated in its 2001 Toxicological Profile
for Asbestos that the estimated range of indoor ambi-
ent concentrations for asbestos is 0.00003-0.006 f/cc
(Agency for Toxic Substances and Disease Registry,
2001b). It has also been noted that historical ambi-
ent concentrations may have been higher (Abelmann
et al., 2015; Agency for Toxic Substances and Dis-
ease Registry, 2001b). Studies have reported mea-
surable concentrations of both chrysotile and amphi-
bole fibers in air, with chrysotile fibers more com-
monly detected. The fiber types reported include
chrysotile, tremolite, actinolite, amosite, and antho-
phyllite (Baxter, Ziskind, & Shokes, 1983a, 1983b;
Cal/EPA Air Resources Board, 2015; Lee & Van
Orden, 2008; Lee, Van Orden, Corn, & Crump,
1992). For the purposes of this analysis, a lower- and
upper-bound cumulative ambient asbestos exposure
potential for the United States was calculated us-
ing the range of measured asbestos-specific airborne
concentrations for both indoor and outdoor ambi-
ent exposures and the number of hours per day, on
average, that a person spends indoors and outdoors
(Agency for Toxic Substances and Disease Registry,
2001b; Lee & Van Orden, 2008; Nolan & Langer,
2001; U.S. Environmental Protection Agency, 2011).
The lifetime ambient cumulative exposure using this
approach ranged from approximately 0.002 to 0.4
t/cc-year over a 70-year lifetime (8,760 hours per
year). This range is consistent with the range of cu-
mulative lifetime indoor ambient asbestos exposures
reported by the U.S. ATSDR (Agency for Toxic Sub-
stances and Disease Registry, 2001b).

The cumulative exposure estimates presented
in Table II for all available studies demonstrate that
cumulative exposures to asbestos associated with
consumer use of cosmetic talc on an infant over
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Table III. Summary of Calculated Cumulative Exposures for Each Scenario with Comparison to Benchmarks

Scenario Age Range of Exposure Cumulative Exposure (f/cc-yr)
Scenario 1: Infant talc exposure—diapering: average 0-2 0.00003

Scenario 2: Adult talc exposure—diapering: average 18-20 0.00002

Scenario 3: Adult talc exposure—face powdering: average 0-70 0.001

Scenario 4: Adult talc exposure—body powdering: average 0-70 0.003

Predicted scenario using current ACGIH TLYV for talc? 0-70 0.007

Predicted scenario using current OSHA PEL for talc? 0-70 0.01

Ambient air (indoor + outdoor)—lower bound® 0-70 0.002

Ambient air (indoor + outdoor)—upper bound® 0-70 0.4

Current OSHA PEL for asbestos: occupational exposure® 18-63 1.1

2For the predicted scenario, the 0.1% asbestos factor from FDA was applied to exposure at the OSHA PEL for talc (20 mppcf) as well as
the ACGIH TLYV for talc (2 mg/m?) after conversion to f/cc. An exposure duration of six minutes and daily exposure frequency of one use

per day was used.

bCumulative ambient exposure calculated over period of 70 years using the following equation: cumulative ambient asbestos exposure =
([indoor airborne concentration (f/cc) x 20 hours/day + outdoor airborne concentration (f/cc) x 4 hours/day] / 24 [hours/day]) x 70 years.
Indoor ambient airborne concentration ranged from 0.00003 f/cc to 0.006 f/cc; outdoor ambient airborne concentration ranged from 0.00003
f/cc to 0.0047 f/cc (Agency for Toxic Substances and Disease Registry, 2001b; Lee & Van Orden, 2008; Nolan & Langer, 2001).

¢Cumulative occupational exposure to asbestos at the OSHA PEL was expressed on an environmental year basis as 0.1 f/cc x ([2,080

hours/year] / [8,760 hour/year]) x 45 years, or 1.1 f/cc-year.

a two-year period and on an adult over a 70-year
lifetime fall well within or below the range of lifetime
cumulative ambient asbestos exposures reported for
the general U.S. population (Table III). Further,
the average theoretical risk estimates calculated for
lifetime asbestos-related cancer risk for all scenarios
evaluated were within or below the comparable
estimates for ambient asbestos exposure.

3.4.3. Comparison to the OSHA PEL for Talc

Zazenski et al. (1995) calculated eight-hour
TWAs for the airborne talc dust concentration data
reported in Russell et al. (1979) and Aylott et al.
(1979). We conducted a similar analysis in order
to make a comparison between nonoccupational
airborne dust concentrations associated with the four
scenarios of talcum powder application and the cur-
rent OSHA PEL for talc. The maximum eight-hour
TWA from all scenarios was 0.12 mppcf (Table IV).
The calculated eight-hour TWAs reported in
Table IV were up to several orders of magnitude be-
low regulatory and recommended occupational limits
for talc. In addition, the calculated eight-hour talc
dust TWAs presented here are orders of magnitude
below the dust exposures experienced by talc miners
and millers (Boundy, Gold, Martin, Burgess, &
Dement, 1979; Coggiola et al., 2003; Gamble, Greife,
& Hancock, 1982; Rubino, Scansetti, Piolatto, &
Romano, 1976). These results further demonstrate
that the intensity of exposure as well as the frequency

and duration of exposure associated with consumer
application are much lower than occupational
exposures experienced by miners and millers of
talc.

4. DISCUSSION

In this study, we presented a comprehensive risk
assessment that evaluated the potential for asbestos
exposure and human health risk using the updated
EPA nonoccupational regulatory approach associ-
ated with the use of consumer talcum powder prod-
ucts. The analysis also expanded on the regulatory
exposure and risk assessment for consumer use of
cosmetic talcum powder conducted by the FDA in
1985. All relevant publicly available measured ex-
posure data were considered in order to provide a
contemporary comparison to the original risk assess-
ment. In addition to the assessment of exposure and
risk during the powdering of an infant over a period
of two years, as originally evaluated by the FDA,
the current analysis also assessed exposure poten-
tial associated with three additional cosmetic talc use
scenarios.

4.1. Cumulative Exposure Assessment

The results of this assessment provide cumu-
lative asbestos exposure potential estimates for
both the infant and adult powdering scenarios. The
upper-bound estimated cumulative exposure for a
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Table IV. Infant and Adult Eight-Hour TWA Estimates Associated with Four Consumer Application Scenarios

Airborne Dust
Concentration (mppcf)?

Application Description

Eight-Hour

TWA (mppcf)® Reference

Scenario 1: Infant exposure—diapering

Application of powder in “normal way,” container
with sprinkler closure

Application of powder around arm pit area

Application of powder around diaper area, 14 oz.
twist-top canister

Scenario 2: Adult exposure—diapering

Application of powder ranging from diaper area to
full infant body

Application of powder around arm pit area

Scenario 3: Adult exposure—face powdering

Application of loose face powder, puff applicator

Scenario 4: Adult exposure—body powdering

Application of powder in a typical fashion

Application of powder in “normal way,” container
with sprinkler closure

Application of powder in a “normal manner,”
twist-top container

Current OSHA PEL for talc

1.4 0.073 Aylott et al., 1979
0.15 0.0077 Moon et al., 2011

1.3 0.0091 Russell et al., 1979
0.14 0.0018 Hildick-Smith, 1976
0.035 0.0018 Moon et al., 2011

32 0.033 Aylott et al., 1979

9.7 0.12 Anderson et al., 2017
7.5 0.078 Aylott et al., 1979

14 0.050 Russell et al., 1979

- 20 National Institute for

Occupational Safety
and Health, 1988

2 Airborne dust data are presented in Table I, only studies that reported total or respirable dust were considered in this analysis. Dust
concentrations in mg/m® were converted to mppcf using a conversion factor of 1 mppcf: 0.15 mg/m? (National Institute for Occupational

Safety and Health, 1988).

PEight-hour time weighted average (TWA) was calculated using the following equation: eight-hour TWA = concentration (mppcf) x
exposure duration/day (minutes) / 480 minutes/day. Where exposure duration per day is calculated using the following equation: talc use
duration x frequency of use/day; duration and frequency parameters are provided in Table II.

two-year period was 0.00008 f/cc-yr (8.4 x 107> f/cc-
yr) for the infant’s exposure while being powdered
and 0.00004 f/cc-yr (3.8 x 107 f/cc-yr) for an adult’s
exposure while powdering an infant. It should be
noted that these upper-bound estimates, which were
calculated based on the studies of Aylott et al. (1979)
and Dement et al. (1972), may not be indicative of
actual exposures, particularly once more clear speci-
fications with regard to the measurement of asbesti-
form fibers in talc were established (Cosmetic, Toi-
letry, and Fragrance Association, 1990). The upper-
bound estimated lifetime cumulative exposure po-
tential for adult use of both face and body powder
were 0.001 f/cc-yr (1.3 x 1073 f/cc-yr) and 0.01 f/cc-yr
(9.6 x 1073 f/cc-yr), respectively.

4.1.1. Effect of Measured Versus Estimated Fiber
Concentrations on Cosmetic Talc Cumulative
Exposure Potential

In this assessment, the PCM metric was used
as a standard for comparison across all studies

with measured data. Consistent with the FDA, we
applied a 0.1% factor to the airborne fiber concen-
tration data (both measured and estimated using the
1.72 f/cc to 1 mppcf conversion factor) in order to
estimate potential cumulative asbestos exposures
associated with the historic use of certain talcum
powder products. There is uncertainty with the use
of any adjustment factor. However, as outlined in the
2017 National Academies of Science report “Using
21st Century Science to Improve Risk-Related
Evaluations,” the strength of agreement between
exposure studies is an important consideration
when selecting appropriate exposure data (National
Academy of Sciences, 2017, p. 29). This report
notes that “confidence in any exposure assessment
is increased when there is concordance, consistency,
or agreement between multiple methods of exposure
assessment” (National Academy of Sciences, 2017,
p- 30). Specifically, it is noted that there is a higher
level of confidence in the results of an exposure
assessment when there is a convergence of predicted,
measured, and surrogate data (National Academy of
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Fig. 2. Comparison of estimated cumulative exposure using measured fiber exposure data (reported PCM data) from Scenario 4, converted
dust exposure data from Scenario 4 (using the 1.72 f/cc to 1 mppcf conversion factor), and predicted exposure using the OSHA PEL limiting

model with the OSHA PEL and ACGIH TLV for talc.

Sciences, 2017). For comparison in the current analy-
sis, cumulative exposure estimates for the adult body
powder use scenario (Scenario 4) were calculated as
previously described using measured fiber exposure
data (reported PCM data), converted dust exposure
data (using the 1.72 f/cc to 1 mppcf conversion
factor), and predicted exposure data. The predicted
exposure data were calculated using the OSHA PEL
limiting model with the OSHA PEL and ACGIH
TLV for talc as benchmarks (Table 111, Fig. 2) (U.S.
Environmental Protection Agency, 2013). For this
purpose, the limiting model was used to bound the
upper plausible limit for airborne talc dust in the
scenarios evaluated (U.S. Environmental Protection
Agency, 1988). This model assumes that exposure
levels are likely to be limited by established occu-
pational exposure limits. For the predicted scenario,
the 0.1% asbestos factor was applied to airborne
exposure at the OSHA PEL for talc (20 mppcf;

approximately 3 mg/m®) as well as the ACGIH TLV
for talc (2 mg/m?). An exposure duration (Er) of
6 minutes (maximum exposure time used in this
analysis) was used, resulting in a maximum predicted
cumulative exposure concentration of 0.01 f/cc-yr
(1.0 x 1072 f/cc-yr) and 0.007 f/cc-yr (6.7 x 1073
f/cc-yr), respectively. The convergence between the
presented cumulative exposure assessment calcula-
tions in this analysis utilizing identified measured
fiber data, converted dust data, and a predicted
upper-bound exposure scenario is shown in Fig. 2. It
should be noted that if we had used either the PCME
values reported in the literature (instead of PCM
values) or the 6 f/cc to 1 mppcf instead of the 1.72 f/cc
to 1 mppcf conversion factor, the average theoretical
cancer risk would still have been below the maxi-
mum calculated risk associated with lifetime ambient
asbestos exposures to the general U.S. population
(Anderson et al., 2017; Gordon et al., 2014).
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4.1.2. Effect of Particle and Fiber Settling on
Cosmetic Talc Cumulative Exposure Potential

A critical consideration of cosmetic talc exposure
potential is the likelihood of fibers present in talc
to be removed from the air or agglomerate, reduc-
ing the possibility that individual, measurable fibers
can be found in the air and therefore be available
for inhalation. For this reason, it is necessary to in-
corporate a factor to account for the relationship be-
tween fibers and other particles in air (i.e., 1.72 f/cc to
1 mppcf or 6 f/cc to 1 mppcf), as noted in our analy-
sis, and as used by U.S. regulatory agencies (Occupa-
tional Safety and Health Administration, 1983; U.S.
Environmental Protection Agency, 1986a). The in-
terspersion of any asbestiform fibers in an airborne
cloud, particularly of much larger and heavier talc
particles, is likely to have a substantial effect on
the rate of removal of the asbestos fibers from the
air. Consistent with the effects associated with these
differences in physical characteristics, according to
the airborne talc measurement data specifically, De-
ment et al. (1972) noted that fiber levels were highest
in the first 30 seconds of the talc application activity
“and dropped off sharply during the rest of the diaper
change” (p. 5). Hildick-Smith (1976) also reported a
substantial reduction in the airborne concentration
from talc dust after application. During a 10-second
talc application event, the total median airborne dust
concentration was 0.243 mppcf; the median airborne
concentration decreased to 0.124 mppcf after a 65-
second dust-settling period. Similarly, in perform-
ing an initial risk assessment analysis for the FDA,
Taylor (1984) also recognized the substantial re-
duction in exposure potential associated with fiber
settling after short time periods during the use
of talc and incorporated this reduction into her
risk assessment recommendations to the FDA. In
our analysis, the exposure time (Er), when re-
ported, was set equal to the sampling time with
the exception of one study, where multiple uses oc-
curred within an extended sampling period (An-
derson et al., 2017). Further, with the exception
of Russell et al. (1979), in which only powdering
time was reported, the sampling times accounted
for a post-application period (end of powder appli-
cation to end of sample collection), which ranged
from 65 to 347 seconds across the studies (Anderson
et al., 2017; Aylott et al., 1979; Dement et al., 1972;
Gordon et al., 2014; Hildick-Smith, 1976; Moon
et al., 2011; Russell et al., 1979). This range was
longer than the 30-second fiber settling period exam-
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ined and reported by Dement et al. (1972) and the
65-second dust-settling period examined and re-
ported by Hildick-Smith (1976).

A number of physical forces may affect the set-
tling time or removal time for fibers in air, including
the settling velocity, impaction on other bodies in
the air, centrifugation, agglomeration/coagulation,
Brownian motion, and diffusion (Drinker & Hatch,
1954; Hinds, 1999a; Reist, 1984). Cosmetic talc
particles often range in size from less than 37 um
(face powders) to less than 74 um (body powders)
in diameter compared with asbestos fibers, which
are often less than 10 um in length and less than
1 pm in width (Zazenski et al., 1995). The regulatory
definition of an asbestos fiber sets the maximum
diameter at 3 um (Occupational Safety and Health
Administration, 1986). Large particles, such as cos-
metic talc, can act as a collection medium for small
particles such as asbestiform fibers (Hinds, 1999b).
This is due, in part, to agglomeration between the
particles. As a number of researchers have shown,
van der Waals, electrostatic, and surface tension
interactions present on the particulate surface of
dissimilar-sized and nonspherical particles may re-
sult in substantial particle-to-particle agglomeration,
thereby increasing effective mass, diameter, and
settling velocity (Corn & Stein, 1966; Esmen, 1996;
Hinds, 1999b; Reist, 1984; Zazenski et al., 1995).

Sufficiently high relative humidity levels may
also affect airborne particle or fiber concentra-
tions. In their 1979 study of airborne talc, Aylott
et al. (1979) noted that “at a high relative humidity
(>90%) a noticeably smaller quantity of respirable
dust ... was collected” (p. 184). Other researchers
have also found that relative humidity levels above
an ambient level in air can result in the increasing ad-
hesion of dust to surfaces or to each other (Corn &
Stein, 1965; Walton, 2008; Zimon & Corn, 1969). Ele-
vated humidity levels during talc application, such as
may be experienced in a small bathroom after show-
ering, could, therefore, substantially reduce the avail-
able respirable dust particles in the air.

According to the available evidence, the basic
morphological (i.e., platy vs. fibrous) and physical
(i.e., dimension) differences between talc and as-
bestos fibers would likely impact the amount of sur-
face contact between a fiber and a surface, which
could, in turn, affect the adhesive attraction and rate
of removal from air. The adhesion forces may also
increase with higher than ambient relative humidity
levels. All these factors should be considered when
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estimating the potential for airborne exposure to
fibers potentially found in cosmetic talc.

4.1.3. Airborne Fiber Concentrations and the
Association with Bulk Concentrations

As discussed above, particle physics indicate
that the raw number of fibers in a bulk material with
large particle sizes, such as talc, are very unlikely to
each be discreetly measurable in the air. Consistent
with the FDA, we applied a 0.1% asbestos factor
to measured airborne dust and fiber concentrations
to estimate cumulative asbestos exposure potential
associated with the historic use of certain talcum
powder products (Brown, 1985a). Measured data
reported in the literature for asbestos are consistent
with the use of the conversion factors noted in this
analysis to determine the estimated proportional
airborne fiber concentrations associated with a
known asbestos concentration in a bulk material.
For example, Addison, Davies, Robertson, and
Willey (1988) measured the corresponding airborne
particulate and fiber concentrations when soils con-
taining 0.001%, 0.01%, 0.1%, and 1% asbestos were
made airborne. The results of this analysis showed
a general trend of increasing airborne asbestos con-
centrations with increasing bulk content of asbestos,
that is, a higher bulk asbestos content in the soil
resulted in higher airborne fiber concentrations. It
should be noted that this study was conducted in
a glovebox, which is not representative of actual
human exposures, and may overestimate airborne
fiber concentrations. Despite the limited compara-
bility of this study to the cosmetic use of talc, the
normalized ratio of f/cc to mg/m? values considered
in our analysis was consistent with the measured
data collected by Addison et al. (1988) for soils
containing 0.1% asbestos, demonstrating further
evidence supporting the approach that we used.

4.2. Risk Characterization

There are several published approaches for eval-
uating the risk of disease associated with asbestos,
including the OSHA risk assessment model, the
EPA model, the Hodgson and Darnton model, and
the Berman and Crump model (Berman & Crump,
2003, 2008a, 2008b; Hodgson & Darnton, 2000;
Occupational Safety and Health Administration,
1983; U.S. Environmental Protection Agency, 1986a,
1988, 2008). While these models apply different
methods to estimate asbestos-related cancer risk, all

rely on historical epidemiologic literature of various
heavily asbestos-exposed cohorts in occupational
scenarios, which can lead to inherent challenges and
uncertainties when attempting to extrapolate down
in order to estimate low-dose cancer risks. The use
of the linear low-dose extrapolation model approach
for carcinogen risk assessment by the EPA follows
a “long-standing science policy position” that such a
model is unlikely to underestimate the risk associated
with exposure to carcinogens when the mechanism
of action is unknown, such as for asbestos (U.S. En-
vironmental Protection Agency, 2005, pp. 1-19). The
mesothelioma potency factors derived in these regu-
latory risk assessment models were based on cohorts
exposed to cumulative asbestos doses of 52-500 f/cc-
yr or more of mixed or amphibole fibers. Further,
the EPA has acknowledged that linear extrapolation
models do not necessarily give a realistic prediction
of risk and that the “true value of the risk is unknown,
and may be as low as zero” (U.S. Environmental
Protection Agency, 1986b, p. 13; 2005). Despite the
use of factors designed to overestimate rather than
underestimate the theoretical risk, particularly at cu-
mulative exposure levels consistent with background
population exposures to asbestos, the EPA’s regula-
tory asbestos risk assessment approach was used in
this study as an updated comparison to the original
1985 FDA cosmetic talc risk assessment approach. A
benefit of this model for the purposes of this assess-
ment is that it follows the current U.S regulatory ap-
proach for nonoccupational asbestos risk assessment.
The use of the EPA’s updated linear no-threshold
model for asbestos risk assessment also provided a
relatively simple method by which to compare the
various regulatory theoretical risk estimates associ-
ated with consumer use of cosmetic talcum powder
to each other as well as to other benchmarks. One
of the factors used in the EPA model is the asbestos
IUR, which is based on epidemiological studies
that included occupational exposure to chrysotile,
amosite, or mixed composition of amosite, chrysotile,
and/or crocidolite (U.S. Environmental Protection
Agency, 1988). More recent analyses support that
the IUR originally identified by the EPA is inclusive
of both chrysotile and amphibole fiber types (U.S.
Environmental Protection Agency, 2014).

4.2.1. Comparison to the 1985 FDA Risk Assessment

In its 1985 risk assessment, the FDA performed
a comparative human health risk assessment us-
ing four different methods to calculate the added

Article made available for educational purposes. Any further re-distribution or sharing is

expressly prohibited.



18

lifetime cancer risk associated with theoretical
upper-bound quantities of asbestos in talc of up
to 0.1% (Brown, 1985a, 1985b). The committee as-
sumed 43.8 minutes/week of talc application for 52
weeks per year, and estimated that for this scenario,
babies would inhale no more than 6.5 x 10° as-
bestiform fibers per year (4.95 talc fibers/cc x 1000
cc/l x 0.58 I/min breathing rate x 43.8 minutes per
week powdering x 52 weeks/year x 0.1% asbestos
in talc). The FDA noted that all four risk assess-
ment methods it considered returned consistent re-
sults, and therefore it recommended using the sim-
plest method, or Method 1, for consumer asbestos in
talc risk calculations (Brown, 1985b). However, ul-
timately Method 4, which was based on a noninci-
dental analysis and first-stage effect in a generalized
multistage process, was the most consistent with the
current EPA asbestos risk assessment methodology.
The EPA regulatory asbestos risk assessment ap-
proach, when initially published in 1986, was de-
scribed as an absolute risk model in which “the inci-
dence is independent of the age at first exposure and
increases according to a power of time from onset of
exposure” (U.S. Environmental Protection Agency,
1986a, p. 82). According to the FDA’s risk assess-
ment, the measure of mesothelioma risk per year
(Kn) value calculated using its model was 1.5 x 1078,
compared with a mean K., value of 1 x 1078 re-
ported by the EPA, demonstrating a level of consis-
tency between the two model approaches (U.S. En-
vironmental Protection Agency, 1986b, 2008). The
risk values calculated by the FDA for the two-year
infant scenario were between 0.5 x 107% and 1.5 x
1078, depending upon which risk assessment method
was selected. Overall, the FDA noted that all four
methods reported extremely consistent results, and
concluded that the risk for this scenario “was less
than 1078 lifetime risk and quite possibly orders of
magnitude less” (Brown, 1985a, p. 1). Consistent
with the FDA analysis, the approach used in this
analysis demonstrated that the risk values for both
the infant and the adult exposures during diapering
activities (assuming a 0.1% airborne asbestos con-
tent factor) were less than 107° using the current
EPA regulatory asbestos risk assessment method-
ology. Additionally, we found that risk values for
the adult face and body powdering scenarios ranged
from 107 to less than 10~*, demonstrating that esti-
mated adult exposures over a 70-year lifetime likely
result in a greater theoretical risk compared to the in-
fant diapering scenarios. Ultimately, however, from
a practical standpoint, it is important to note that
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all scenarios evaluated resulted in a theoretical risk
that was within or below the range of EPA’s tar-
get risk levels. According to EPA guidance, it is
“common practice” to use a target risk level of 10~*
for scenarios involving short-term, intermittent expo-
sures (U.S. Environmental Protection Agency, 2008,
p- 28). Similarly, NIOSH uses a target risk level of
10~* for occupational risk assessment purposes (Na-
tional Institute for Occupational Safety and Health,
2016).

4.2.2. Lifetime Cumulative Ambient Exposures
and Risk

The comparison of estimated cumulative
asbestos exposures for typical consumer use of
cosmetic talcum powder and estimated cumulative
lifetime exposures associated with ambient air
(Table IIT) was consistent with the FDA’s assess-
ment in which it also compared its results to lifetime
ambient asbestos exposures. The same conclusion
can be drawn from our analysis, that consumer use
of cosmetic talcum powder products results in a
cumulative exposure to asbestos that is within or
below the range of cumulative ambient asbestos
exposures in the United States.

Collectively, published epidemiology studies
have indicated that exposures to ambient asbestos
concentrations of any fiber type are not associ-
ated with a significantly increased incidence of
asbestos-related disease (Antman, Schiff, & Pass,
1997; McDonald, 1985; McDonald & McDonald,
1994; Moolgavkar, Meza, & Turim, 2009; Moore,
Parker, & Wiggins, 2008; Price & Ware, 2004, 2005;
Teta, Mink, Lau, Sceurman, & Foster, 2008). For
example, Price and Ware (2004) reported that,
despite a likely increase in women’s environmental
asbestos exposures since the 1930s with the in-
creasing use of asbestos in the United States, “the
mesothelioma risk for women has not increased”
(p. 111). Further, the authors stated that “environ-
mental exposure levels, although increasing, have
not triggered a risk response in women. Therefore,
those exposure levels must have been below a
threshold for mesothelioma” (Price & Ware, 2004,
p. 111). Similarly, Glynn et al. (2018) found that
there was no increase in incidence rates of pleural
mesothelioma among females in urban versus rural
areas in the United States between 1973 and 2012,
despite measured differences of up to 10-fold or
more in ambient airborne asbestos concentrations
between these different geographical areas (Glynn,
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Keeton, Gaffney, & Sahmel, 2018). According to the
authors, these results suggested that ambient expo-
sures to asbestos over a wide range of background
concentrations have not significantly affected the in-
cidence of pleural mesothelioma in the United States
over the past 40 years, and that each incremental
fiber exposure cannot be assumed to contribute to
disease risk at similarly low concentrations. Further,
the consistency of background mesothelioma rates
over time despite substantial fluctuations in the rate
of cosmetic talc use over time do not support any
association between cosmetic talc use specifically
and mesothelioma rates (National Cancer Institute,
2018; U.S. Geological Survey, 2016). OSHA has also
stated that, based on widely varying background
levels of asbestos and the technological feasibility
of measuring levels below 0.1 f/cc in the workplace,
“the Agency cannot make the general statement
that any exposure above ambient background levels
presents a significant risk” (Jeffress, 1999, p. 2).
Moreover, the EPA stated that the “extrapolation
of risks of asbestos cancers from occupational
circumstances can be made, although numerical
estimates in a specific exposure circumstance have
a large (approximately tenfold) uncertainty” and
acknowledged that, “because of this uncertainty,
calculations of unit risk values for asbestos at the
low concentrations measured in the environment
must be viewed with caution” when using the EPA
asbestos risk assessment model (U.S. Environmental
Protection Agency, 1986a, p. 2).

5. CONCLUSIONS

This assessment characterized the potential for
asbestos exposure that may have occurred during the
use of cosmetic talc products under the worst-case
assumptions determined by the FDA regarding the
potential asbestos content in cosmetic talc. In this
analysis, we expanded on the original FDA risk as-
sessment and evaluated the potential cumulative as-
bestos exposure and risk for four consumer talc use
scenarios: (1) infant exposure during diapering, (2)
adult exposure from infant diapering, (3) adult ex-
posure from face powdering, and (4) adult exposure
from body powdering. Our assessment focused on
the careful selection of exposure factors based on the
available published data to characterize potential cu-
mulative asbestos exposures associated with typical
consumer use scenarios of historical talcum powder
products using the FDA'’s estimate of 0.1% airborne
asbestos content. The estimated range of cumulative

asbestos exposure potential for all scenarios ranged
from 0.0000021 to 0.0096 f/cc-yr (2.1 x 107% t0 9.6 x
1072 f/cc-yr), which was well below the upper bound
of measured cumulative ambient asbestos exposures
in the United States and that corresponded to a cal-
culated asbestos-related cancer risk that was within
or below the EPA’s target risk level using its linear
no-threshold regulatory model for asbestos risk as-
sessment.

Several important data gaps were addressed in
this analysis, including (1) a synthesis of historical
dust and fiber exposure data as well as duration and
frequency of use parameters for cosmetic talc, (2) the
analysis of airborne dust-to-fiber conversion factors
when applied to talc, (3) the evaluation of three ad-
ditional talc use scenarios for which measured data
were available and that previously had not been eval-
uated in terms of cumulative exposure or risk poten-
tial, (4) an updated regulatory risk assessment for the
use of cosmetic talc using current nonoccupational
regulatory approaches, and (5) an expanded analysis
and comparison to available exposure benchmarks
for risk characterization purposes, including the
best available data on ambient asbestos exposures
to the U.S. population and equivalent cumulative
exposures at regulatory asbestos exposure levels.
In this analysis, we found that the risk values for
the adult body powdering scenarios yielded greater
theoretical risks than the infant exposures; however,
all scenarios were below the EPA’s target risk level
for short-term intermittent exposures. Our analysis
also confirmed the original finding of the FDA that
the risks associated with cosmetic talc use were
below the corresponding cumulative upper-bound
lifetime risk of background asbestos exposures to the
general population. The results also indicate that us-
ing the FDA'’s upper-bound assumption of asbestos
content (i.e., 0.1%) in cosmetic talc products, many
typical consumer use scenarios are unlikely to pose a
cumulative asbestos exposure risk using conservative
regulatory approaches to risk assessment.
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