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Synopsis

Pursuant to section 74 of the Canadian Environmental Protection Act, 1999 (CEPA), the
Minister of the Environment and the Minister of Health have conducted a screening
assessment of talc. The Chemical Abstracts Service Registry Number (CAS RN?) for
talc is 14807-96-6. This substance is among those substances identified as priorities for
assessment as it met categorization criteria under subsection 73(1) of CEPA.

Talc is a naturally occurring mineral. In 2011, talc was manufactured in Canada in
guantities ranging between 50 to 75 million kg, and in 2016, approximately 100 million
kg of talc was imported into Canada. In Canada, talc is used in adhesives and sealants;
automotive, aircraft, and transportation applications; building and construction materials;
ceramics; electrical and electronics; textiles; floor coverings; inks, toners, and
colourants; lubricants and greases; oil and natural gas extraction applications; paints
and coatings; paper and paper products, mixtures, and manufactured items; plastic and
rubber materials; toys, playground equipment and sporting equipment; and in water
treatment. The major uses in Canada align with major global uses of talc. Talc is a
permitted food additive and is an ingredient in self-care products. In North America,
approximately 2% to 4% of the talc produced and sold is used in cosmetics. High-purity
talc is used in self-care products including cosmetics, while lower-grade talc is used in
commercial applications.

The ecological risk of talc was characterized using the Ecological Risk Classification of
Inorganic Substances (ERC-I), which is a risk-based approach that employs multiple
metrics for both hazard and exposure, with weighted consideration of multiple lines of
evidence for determining risk classification. Hazard characterization in ERC-I included a
survey of published predicted no-effect concentrations (PNECs) and water quality
guidelines, or the derivation of new PNEC values when required. Exposure profiling in
ERC-I considered two approaches: predictive modelling using a generic near-field
exposure model for each substance and an analysis of measured concentrations
collected by federal and provincial water quality monitoring programs. Modelled and
measured predicted environmental concentrations (PECs) were compared to PNECs,
and multiple statistical metrics were computed and compared to decision criteria to
classify the potential for causing harm to the environment. Based on the outcome of the
ERC-I analysis, talc is considered unlikely to be causing ecological harm.

Considering all available lines of evidence presented in this screening assessment,
there is a low risk of harm to the environment from talc. It is concluded that talc does not
meet the criteria under paragraphs 64(a) or (b) of CEPA as it is not entering the

1 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society, and
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the
Government of Canada when the information and the reports are required by law or administrative policy, is not
permitted without the prior written permission of the American Chemical Society.



environment in a quantity or concentration or under conditions that have or may have an
immediate or long-term harmful effect on the environment or its biological diversity or
that constitute or may constitute a danger to the environment on which life depends.

Talc has been reviewed internationally by other organizations, including the
International Agency for Research on Cancer (IARC) and the Danish Environmental
Protection Agency. These assessments informed the human health risk assessment.

No critical health effects were identified via the oral or dermal routes of exposure. As
such, oral exposure to talc resulting from food intake and oral and dermal exposure
from the use of self-care products are not of concern. Inhalation exposure via ambient
air for the general population from industrial and commercial uses of talc was not
identified to be of concern for human health given the limited number of sites producing
and processing talc in Canada. Rather, the focus of the assessment is on inhalation and
perineal exposure to certain self-care products containing cosmetic- or pharmaceutical-
grade talc.

With respect to inhalation exposure, non-cancer lung effects (e.qg., inflammation,
impaired lung function, fibrosis) were identified as a critical health effect for risk
characterization on the basis of United States National Toxicology Program studies
conducted with rats and mice exposed to cosmetic-grade talc. There is potential for
inhalation exposure to talc powder during the use of certain self-care products (e.g.,
cosmetics, natural health products, non-prescription drugs formulated as loose
powders). Self-care products formulated as pressed powders (e.g., face makeup) are
not of concern for inhalation exposure. Margins of exposure between air concentrations
following the use of dry hair shampoo and foot powder and critical lung effects observed
in animal studies are considered adequate to address uncertainties in the health effects
and exposure databases. Margins of exposure between air concentrations following the
use of body powder, baby powder, and loose face powder and critical lung effect levels
observed in animal studies are considered potentially inadequate to address
uncertainties in the health effects and exposure databases.

With regards to perineal exposure, analyses of the available human studies in the peer-
reviewed literature indicate a consistent and statistically significant positive association
between perineal exposure to talc and ovarian cancer. The available data are indicative
of a causal effect. Given that there is potential for perineal exposure to talc from the use
of certain self-care products (e.g., body powder, baby powder, diaper and rash creams,
genital antiperspirants and deodorants, body wipes, bath bombs, bubble bath), a
potential concern for human health has been identified.

Considering all the information presented in this screening assessment, it is concluded
that talc meets the criteria under paragraph 64(c) of CEPA as it is entering or may enter
the environment in a quantity or concentration or under conditions that constitute or may
constitute a danger in Canada to human life or health.



It is therefore concluded that talc meets one of the criteria set out in section 64 of
CEPA. It has also been determined that talc meets the persistence criteria but not the
bioaccumulation criteria as set out in the Persistence and Bioaccumulation Regulations

of CEPA.
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Screening Assessment - Talc

1. Introduction

Pursuant to section 74 of the Canadian Environmental Protection Act, 1999 (CEPA)
(Canada 1999), the Minister of the Environment and the Minister of Health have
conducted a screening assessment of talc to determine whether this substance
presents or may present a risk to the environment or to human health. This substance
was identified as a priority for assessment as it met categorization criteria under
subsection 73(1) of CEPA (ECCC, HC [modified 2017]).

The ecological risk of talc was characterized using the Ecological Risk Classification of
Inorganic Substances (ERC-I) (ECCC 2018), which is a risk-based approach that
employs multiple metrics for both hazard and exposure, with weighted consideration of
multiple lines of evidence for determining risk classification. Hazard characterization in
ERC-I included a survey of published predicted no-effect concentrations (PNECs) and
water quality guidelines, or the derivation of a new PNEC value when required.
Exposure profiling in ERC-I considered two approaches: predictive modelling using a
generic near-field exposure model for each substance and an analysis of measured
concentrations collected by federal and provincial water quality monitoring programs.
Modelled and measured predicted environmental concentrations (PECs) were
compared to PNECs, and multiple statistical metrics were computed and compared to
decision criteria to classify the potential for causing harm to the environment.

With respect to human health, this screening assessment includes the consideration of
information on chemical properties, environmental fate, hazards, uses, and exposures,
including additional information submitted by stakeholders. Relevant data were
identified up to October 2020. Empirical data from key studies, as well as results from
models, were used to reach conclusions. Talc has been reviewed internationally
through the International Agency for Research on Cancer (IARC) Monographs
Programme, the United States Environmental Protection Agency (U.S. EPA), the Joint
Food and Agriculture Organization of the United Nations (FAO) and World Health
Organization (WHO) Expert Committee on Food Additives (JECFA), and the Danish
Environmental Protection Agency (Danish EPA). Talc was also assessed by the
Permanent Senate Commission for the Investigation of Health Hazards of Chemical
Compounds in the Work Area (MAK-Commission) in Germany and the Cosmetic
Ingredient Review (CIR) Expert Panel.? These evaluations and reviews were used to
inform the health effects characterization in this screening assessment. This
assessment focuses on health effects associated with cosmetic- and pharmaceutical-

2 The Cosmetic Ingredient Review was established in 1976 by the industry trade association (then the
Cosmetic, Toiletry, and Fragrance Association, now the Personal Care Products Council), with the support of
the U.S. Food and Drug Administration and the Consumer Federation of America.
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grade talc and not on potential impurities, such as asbestos. Engineered nanomaterials
composed of or containing talc are not explicitly considered in this assessment.

This screening assessment was prepared by staff in the CEPA Risk Assessment
Program at Health Canada and Environment and Climate Change Canada and in the
Consumer and Hazardous Products Safety Directorate at Health Canada and
incorporates input from other programs within these departments. Health Canada
scientists conducted research to characterize airborne particles emitted during
application of cosmetic talc products (Rasmussen et al. 2019). This peer-reviewed
published research has informed the assessment. The ecological portion of the
assessment is based on the ERC-I (published May 11, 2018), which was subject to an
external peer review and a 60-day public comment period. The human health portion of
this assessment has undergone external peer review. Comments on the technical
portions relevant to human health were received from T. Lopez, MSPH, K. Super,
DABT, and Z. Jeney, MPH, of Tetra Tech. Additionally, the draft of this screening
assessment was subject to a 60-day public comment period. Additional information
submitted during the public comment period was reviewed and considered for the final
screening assessment. While external comments were taken into consideration, the
final content and outcome of the screening assessment remain the responsibility of
Health Canada and Environment and Climate Change Canada.

This screening assessment focuses on information critical to determining whether
substances meet the criteria as set out in section 64 of CEPA by examining scientific
information and incorporating a weight of evidence approach and precaution.® This
screening assessment presents the critical information and considerations on which the
conclusion is based.

2. Identity of substance

Talc (CAS RN* 14807-96-6) is one of the softest naturally occurring minerals, made up
of magnesium, silicon, hydrogen and oxygen (ChemIDplus 1993- ). The term talc refers

3 A determination of whether one or more of the criteria of section 64 of CEPA are met is based upon an assessment
of potential risks to the environment and/or to human health associated with exposures in the general environment.
For humans, this includes, but is not limited to, exposures from ambient and indoor air, drinking water, foodstuffs, and
products available to consumers. A conclusion under CEPA is not relevant to, nor does it preclude, an assessment
against the hazard criteria specified in the Hazardous Products Regulations, which are part of the regulatory
framework for the Workplace Hazardous Materials Information System for products intended for workplace use.
Similarly, a conclusion on the basis of the criteria contained in section 64 of CEPA does not preclude actions being
taken under other sections of CEPA or other acts.

4 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society and
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the
Government of Canada when the information and the reports are required by law or administrative policy, is not
permitted without the prior written permission of the American Chemical Society.
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to both the pure mineral and a wide variety of soft, talc-containing rocks that are mined
and used for a variety of applications (Kogel et al. 2006). Relatively pure talc ore is also
referred to as steatite, and soapstone refers to impure, massive talc rock (Fiume et al.
2015).

The mineral talc is composed of triple-sheet crystalline units, consisting of two silicate
sheets composed of SiOa4tetrahedra joined by edge-linked MgO4(OH)2 (Zazenski et al.
1995). These layers, held together loosely via van der Waals forces, slide over one
another easily, giving talc its slippery feel and accounting for its softness (Fiume et al.
2015). The size of an individual talc platelet (i.e., a few thousand elementary sheets)
can vary from approximately 1 um to over 100 um, depending on the conditions of
formation of the deposit (EuroTalc 2017). The individual platelet size determines the
lamellarity of a sample of talc. Highly lamellar talc will have large individual platelets,
whereas microcrystalline talc will have small platelets. Other inorganics in place of
magnesium and silicon are common in talc; for example, aluminum and iron may
substitute for silicon in the tetrahedral sites, or manganese may substitute for
magnesium in the octahedral positions (Zazenski et al. 1995).

Commercially exploited talc contains 20% to 99% of the pure mineral (Kogel et al.
2006). Some of the most common minerals that occur with talc are carbonates (e.g.,
dolomite, calcite, magnesite) and chlorite (i.e., magnesium aluminum silicate) (CIR
2013). Less common minerals include quartz, mica, iron oxides, pyrite, serpentine, and
amphibole. Selective mining, ore processing, and beneficiation can remove many of the
impurities (Kogel et al. 2006). There is a trend towards upgrading to higher-purity talc;
however, many applications require the properties of the minerals associated with talc
(Kogel et al. 2006) and the purity of the source talc influences its uses.

There are different grades of talc that refer to the purity (presence of other minerals).
Pharmaceutical-grade talc complies with the United States Pharmacopeia (USP)
standards (or similar standards), which require the absence of asbestos and set limits
on iron, lead, calcium, and aluminum (USP 2011). As per B.01.045 of the Food and
Drug Regulations, when used as a food additive, talc must meet the food-grade
specifications set out in with the most recent edition of the Food Chemicals Codex,
published by the United States Pharmacopeial Convention or the Combined
Compendium of Food Additive Specifications, prepared by the Joint FAO/WHO Expert
Committee on Food Additives, and must be free from asbestos (Canada [1978]; FAO
2006; FCC 2016).

Historically, some talc source materials were contaminated with asbestos. However, in
1976, the Cosmetic Toiletry and Fragrance Association (CTFA) set purity standards for
cosmetic-grade talc resulting in a reduction in asbestos levels in cosmetic products
(Fiume et al. 2015). Cosmetic-grade talc should comply with USP standards that require
a limit of 20 ppm lead and an absence of asbestos (Fiume et al. 2015). Currently the
USP standard for talc is under review (USP 2019; USP 2020a, USP b) and the United
States Food and Drug Administration (U.S. FDA) is working on recommendations on
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testing methods for asbestos in talc and products available to consumers containing talc
(U.S. FDA 2020a). Internationally, a number of regulatory agencies continue to conduct
testing on talc-based cosmetic products for the presence of asbestos (NVWA 2018;
U.S. FDA 2020b).

In Canada, the Prohibition of Asbestos and Products Containing Asbestos Regulations
(updated 2018) under CEPA prohibit asbestos above trace levels in products available
to consumers, including cosmetics. The cosmetic-grade talc used in the health effect
studies cited in this assessment were considered to be free of asbestos.®

Talc is milled to different particle sizes for specific commercial applications. Most talc for
cosmetics and pharmaceuticals is pure 200-mesh roller-milled talc (Kogel et al. 2006).
In 200-mesh talc (preferred for body powder and deodorants), the particle size
distribution allows 95% to 99% of the product to pass through a 200-mesh (74 pm)
screen (Zazenski et al. 1995; Kogel et al. 2006). The finer 325-mesh talc is also used in
cosmetic-, pharmaceutical-, and food-grade formulations, where 95% to 99% of the
product passes through a 325-mesh (44 um) screen.

3. Physical and chemical properties

A summary of physical and chemical properties of talc is presented in Table 3-1. Talc is
a chemically inert, solid powder that is insoluble in water (Kogel et al. 2006, EuroTalc
2017).

Table 3-1. Experimental physical and chemical property values (at standard
temperature) for talc

Property Range Key reference
Physical state solid, powder HSDB 2005
Melting point (°C) 1500 EuroTalc 2017
Vapour pressure (mm Hg) approx. 0, OSHA 1999; NIOSH
negligible at 20°C 2014
Water solubility (mg/L) Insoluble HSDB 2005
Specific gravity (unitless) 2.58-3.83 HSDB 2005

4. Sources and uses

Talc is a naturally occurring mineral, and there are talc deposits in most Canadian
provinces (Kogel et al. 2006). Currently, there is one producing mine (open-pit) and

5 met the USP standards for absence of asbestos
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concentrator facility in Canada, in Penhorwood Township near Timmins, Ontario, and
one micronizing facility in Timmins (Kogel et al. 2006; MAC 2019; NPRI 2018). The talc
ore from the mine is approximately 45% pure, with magnesite, magnetite, chlorite, and
serpentine as the major impurities (Kogel et al. 2006). After beneficiation, this mine and
micronizing facility produces talc primarily for the paper, plastics, paint, and ceramic
sectors (Kogel et al. 2006). In 2019, China was the largest producer of talc, followed by
India and Brazil (USGS 2020). The major uses of talc globally include paper, plastics,
paint, ceramics, putties, and cosmetics (USGS 2000; Kogel et al. 2006; EuroTalc 2017,
USGS 2020).

Talc was included in a survey issued pursuant to a CEPA section 71 notice. Talc was
reported to be manufactured in Canada at quantities ranging from 50 to 75 million kg in
2011 (EC 2013).6 According to the Canadian International Merchandise Trade (CIMT)
database, in 2016, 99 549 000 kg of natural steatite and talc, crushed or powdered
(Harmonized System, HS code 252620) and 4 656 000 kg of natural steatite and talc,
not crushed, not powdered (HS code 252610) were imported into Canada (CIMT 2017).

According to information submitted in response to a CEPA section 71 survey (EC 2013),
results from voluntary stakeholder engagement (ECCC, HC 2017), and a search of
websites from talc producers, manufactured or imported talc is used in Canada in
adhesives and sealants; automotive, aircraft, and transportation applications; building
and construction materials (e.g., wood and engineered wood); ceramics; electrical and
electronics; textiles; floor coverings; inks, toners, and colourants; lubricants and
greases; oil and natural gas extraction applications; paints and coatings; paper and
paper products, mixtures, or manufactured items; plastic and rubber materials; toys,
playground equipment and sporting equipment; and in water treatment.

Talc is a formulant in pest control products registered in Canada (Health Canada 2010;
personal communication, email from the Pest Management Regulatory Agency, Health
Canada, to the Risk Management Bureau, Health Canada, dated March 29, 2017;
unreferenced).

Additionally, in Canada talc is on the List of Permitted Food Additives with Other
Accepted Uses (List 8) for limited uses in a small number of foods (Health Canada
[modified 2020]). Talc can be used as a coating agent on dried legumes and rice and as
a filler and dusting powder for chewing gum as per the List of Permitted Food Additives
with Other Accepted Uses, incorporated by reference into its respective Marketing
Authorization issued under the Food and Drugs Act. It may be used as a component in

6 Values reflect quantities reported in response to the survey conducted under section 71 of CEPA (EC 2013). See
survey for specific inclusions and exclusions (schedules 2 and 3).
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the manufacture of food packaging materials and as a component in incidental
additives’ used in food processing establishments with no food contact (personal
communication, email from the Food Directorate, Health Canada, to the Existing
Substances Risk Assessment Bureau, Health Canada, dated March 31, 2017,
unreferenced).

Talc is present in approximately 10 000 self-care products.? It is used as a non-
medicinal ingredient in approximately 1700 marketed or approved human and veterinary
drug products in Canada, including approximately 150 non-prescription drugs (email
from the Natural and Non-Prescription Health Products Directorate, Health Canada, to
the Risk Management Bureau, Health Canada, dated November 18, 2020;
unreferenced). Talc is listed in the Natural Health Products Ingredients Database
(NHPID) with a medicinal role and classified as a natural health product substance
falling under item 7 (a mineral) of Schedule 1 to the Natural Health Products
Regulations, as well as with a non-medicinal role for use as abrasive, absorbent,
anticaking agent, anticoagulant, base, bulking agent, coating agent, colour additive,
diluent, filler, flow enhancer, glidant, lubricant, opacifying agent, or slip modifier (NHPID
[modified 2019]). Talc is listed in the Diaper Rash Products Monograph as a permitted
medicinal ingredient in diaper rash products in concentrations ranging from 45% to
100% (Health Canada 2018). However, there are no diaper rash products listed in the
Licensed Natural Health Products Database (LNHPD) containing talc as a medicinal
ingredient (LNHPD [modified 2018]). Talc is permitted as a medicinal ingredient in the
Traditional Chinese Medicine Ingredients monograph (Health Canada 2015). Talc is
listed in the LNHPD as being present as a medicinal or non-medicinal ingredient in
approximately 2100 currently licensed NHPs in Canada (LNHPD [modified 2018]).

Based on notifications submitted from 2017 to 2020 under the Cosmetic Regulations to
Health Canada, talc is an ingredient in approximately 7750 cosmetic products in
Canada (personal communication, emails from the Consumer and Hazardous Products
Safety Directorate, Health Canada, to the Existing Substances Risk Assessment
Bureau, Health Canada, dated March 27, 2020; unreferenced). Talc is considered a
restricted ingredient in cosmetics.® The Cosmetic Ingredient Hotlist entry for cosmetics

7 While not defined under the Food and Drugs Act (FDA), incidental additives may be regarded, for administrative
purposes, as those substances that are used in food processing plants and that may potentially become adventitious
residues in foods (e.g., cleaners, sanitizers).

8 Self-care products are products available for purchase without a prescription from a doctor and fall into one of three
broad categories: cosmetics, natural health products, and non-prescription drugs.

9 Talc is described as a restricted ingredient on the List of Prohibited and Restricted Cosmetic Ingredients (more
commonly referred to as the Cosmetic Ingredient Hotlist or simply the Hotlist), an administrative tool that Health
Canada uses to communicate to manufacturers and others that certain substances may contravene the general
prohibition found in section 16 of the Food and Drugs Act (FDA) or may contravene one or more provisions of the
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containing talc in powder form intended to be used on infants and children indicates that
product labels should display statements to the effect of “keep out of reach of children”
and “keep powder away from child’s face to avoid inhalation which can cause breathing
problems.” As per the Cosmetic Regulations, the label of a cosmetic that presents an
avoidable hazard must include directions for safe use, in both English and French.

High-purity talc is used in self-care products, while lower-grade talc is used in the many
commercial applications mentioned above. Approximately 2% to 4% of the talc
produced and sold in North America is used in cosmetics (Kogel et al. 2006; USGS
2020).

Condoms and medical gloves are regulated as Class Il medical devices in Canada
under the Medical Devices Regulations and may be sources of exposure if talc is
present as a dry lubricant. However, internationally, there was a shift from the use of
talc as a dry lubricant on medical patient examination gloves to cornstarch in the 1980s
(Lundberg et al. 1997). In 2016, the U.S. FDA banned powdered patient examination
gloves (United States 2016). There has also been a shift from the use of talc as a dry
lubricant in condoms, and starch is more commonly used (Douglas et al. 1998). A 1998
study did not find talc in a small survey of condoms tested in Canada (Douglas et al.
1998). Condom standards and specifications require the use of dry lubricants, if
present, to be bioabsorbable, such as starch and calcium carbonate; talc should not be
used (Douglas et al. 1998; WHO, UNFPA, FHI 2013).

5. Environmental fate and behaviour
5.1 Environmental persistence

Talc is considered persistent because it is an insoluble mineral with environmental
stability on geological timescales (Bricker et al. 1973). Persistence was also evaluated
using read-across with synthetic amorphous silicates. Silica and silicates are expected
to be resistant to photodegradation, chemical degradation and biodegradation due to
their inorganic structure and the high stability of Si-O bonds (OECD 2004).

5.2 Potential for bioaccumulation

Bioaccumulation potential data for talc are lacking for ecological receptors. However,
due to talc’s low water solubility and absence of lipophilicity, bioaccumulation of talc in
ecological receptors is not anticipated. Talc may be retained in lung tissue of mammals
(Danish EPA 2016), but inhalation of significant quantities of talc is an unlikely exposure

Cosmetic Regulations. Section 16 of the FDA states that "no person shall sell any cosmetic that has in or on it any
substance that may cause injury to the health of the user." In addition, the Hotlist includes certain substances that
may make it unlikely for a product to be classified as a cosmetic under the FDA (Health Canada [modified 2018]).
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scenario for ecological receptors. Bioaccumulation potential was further evaluated using
read-across with synthetic amorphous silicates. Silica can be actively accumulated by
some organisms (e.g., some terrestrial plants and diatoms). However, the
bioaccumulation potential of silica and silicates is low because of the capacity of
organisms to excrete SiO2 components and the absence of lipophilicity in these
substances (OECD 2004). There is currently no evidence to suggest that silica and
silicates or talc bioaccumulate to harmful levels in the environment.

6. Potential to cause ecological harm
6.1 Characterization of ecological risk

The ecological risk of talc was characterized using the Ecological Risk Classification of
Inorganic Substances (ERC-I) (ECCC 2018), which is a risk-based approach that
employs multiple metrics for both hazard and exposure, with weighted consideration of
multiple lines of evidence for determining risk classification. Hazard characterization in
ERC-I included a survey of published PNECs and water quality guidelines from
domestic and international assessments. When no suitable existing PNEC or water
quality guideline was found, hazard endpoint data were collected and, depending on
data availability, either a species sensitivity distribution (SSD) or an assessment factor
(AF) approach was taken to derive a new PNEC value. In the case of talc, hazard
endpoint data from the Organisation for Economic Co-operation and Development
Screening Information Dataset (SIDS) for synthetic amorphous silicates (OECD 2004)
were identified for read-across (ECCC, HC 2017) and an AF approach was used to
derive a PNEC value of 40 mg/L (ECCC 2018).

Exposure profiling in ERC-I considered two approaches: predictive modelling using a
generic near-field exposure model and an analysis of measured concentrations
collected by federal and provincial water quality monitoring programs. The generic near-
field exposure model used input data, when available, from the National Pollutant
Release Inventory (NPRI), information submitted in response to CEPA section 71
surveys, international trade data from the Canada Border Services Agency (CBSA), and
third-party market research reports to generate PECs. For talc, only information
submitted in response to a CEPA section 71 survey and international trade data from
CBSA were available to generate PECs. Engineered nanomaterials containing talc are
not explicitly considered in the exposure scenarios of this assessment but may have
been included in the quantities reported.

Modelled PECs were compared to the PNEC, and statistical metrics that consider both
the frequency and magnitude of exceedances were computed and compared to
decision criteria to classify the potential for ecological risk (ECCC 2018). The results are
summarized in Table 6-1. Based on the outcome of the ERC-I analysis, talc is
considered unlikely to be causing ecological harm.
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Table 6-1. Ecological risk classification of inorganics results for talc

Monitoring Monitoring | Modelling | Modelling | Modelling Overall
(total/extractable) | (dissolved) | (s.71 of (NPRI) (CBSA) ERC-I
CEPA) score

NA NA Low NA Low Low

Abbreviations: NA, not available.

7. Potential to cause harm to human health
7.1 Health effects assessment

Talc was previously reviewed internationally by the IARC, and an IARC monograph is
available (IARC 2010). Additionally, talc was reviewed by the U.S. EPA, JECFA, and
Danish EPA (U.S. EPA 1992; JECFA 2006; Danish EPA 2016). Talc was also assessed
by the MAK-Commission in Germany and by the CIR Expert Panel (MAK-Commission
2012, CIR 2013; Fiume et al. 2015).

As part of a weight of evidence assessment (Health Canada [modified 2017]), a
literature search was conducted from January 2015 (the year prior to the most recent
assessment (the 2016 Danish EPA review)) to September 2020, to identify additional
studies of adequate quality and relevance for inclusion in the screening assessment. No
additional health effects studies that could impact the risk characterization (i.e., result in
different critical endpoints or lower points of departure than those stated in existing
reviews and assessments) for oral, dermal, or inhalation exposures were identified. For
perineal exposures, recently published literature was identified and considered in the
assessment.

The health effects of talc are outlined by route of exposure in the following sections.
Toxicokinetics

Talc is poorly absorbed via the oral route of exposure. Following gavage administration
of radiolabelled talc to rodents, the majority of the administered dose (AD) remained in
the gastrointestinal (Gl) tract and was eliminated in the feces (= 95.8% of AD) within 3
to 4 days of dosing (Wehner et al. 1977a; Phillips et al. 1978). Less than 2% of the AD
was recovered in the urine; however, this was mainly attributed to contamination from
feces during collection, with true absorption and urinary clearance expected to be even
lower. At 24 hours post administration, less than 2% of the AD remained in the carcass
of hamsters; no radioactivity was detected in mouse carcasses at this time point. In rats
and guinea pigs, only trace amounts of radioactivity remained in the Gl tract at 10 days
post administration.

As an insoluble solid, talc is not expected to be absorbed when applied to healthy and
intact skin. There are no indications of dermal absorption following talc exposure (MAK-
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Commission 2012). According to a review by the MAK-Commission (2012), there are no
indications of metabolism via typical degradation pathways, independent of route of
exposure, from which toxicologically relevant degradation products may develop.

In general, inhaled particles 5 to 10 um are eliminated from the respiratory tract via
mucociliary clearance, while smaller particles (<5 pm) can be transported to the smaller
airways and deposit deep in the alveolar region of the lung, relying on alveolar
macrophage mediated clearance (Leikauf 2013). The shape and surface area will also
influence lung deposition and clearance (Steiling 2018). In female Syrian hamsters that
were administered aerosolized neutron-activated cosmetic talc by nose-only inhalation
at concentrations of 40 to 75 mg/m? (95% pure; median mass aerodynamic diameter
(MMAD) 6.4 to 6.9 um) over a 2-hour exposure period, 6% to 8% of the AD was
deposited into the alveoli (Wehner et al. 1977b). The biological half-life following a
single exposure was estimated to be between 7 and 10 days, with complete alveolar
clearance after 4 months. There was no translocation of talc from the respiratory tract to
the liver, kidneys, ovaries, or other parts of the body. Lung clearance was noted to be
longer in other species. The Danish EPA (2016) remarked that talc, including the
respirable fraction, is not absorbed following inhalation, but is retained in the lung tissue.
They further stated that lung burden correlates to exposure concentrations, with
clearance of talc from the lung impaired to a greater extent with increasing exposure
concentrations. Pulmonary retention half-lives for talc particles in the lungs of rodents
from the U. S. National Toxicology Program (NTP) chronic inhalation studies were
estimated to be as long as 300 days in rats and 1000 days in mice (revisit of NTP data
by Oberdorster 1995). Other authors (Pickrell 1989; MAK-Commission 2012) noted
similar findings indicating that with repeat exposures, alveolar clearance in rats may be
impaired at concentrations of only 2 mg talc/m? air.

Limited information is available for the toxicokinetics of talc particles following perineal
exposure. The available information is summarized in the section on Perineal exposure
to talc below, under Mode of action.

Health effects
Oral route of exposure

Talc was considered to be of low concern with respect to human health via oral
exposure. Repeated-dose testing via oral exposure to talc in animals did not produce
any adverse effects with respect to repeated-dose toxicity, carcinogenicity,
reproductive/developmental toxicity, or mutagenicity (Gibel et al. 1976; Wagner et al.
1977; NTP 1993; IARC 2010; Danish EPA 2016).

Talc has not been shown to produce adverse effects when ingested orally. As a result,

the use of talc in various tablet formulations was not considered hazardous via the
ingestion route (Hollinger 1990; U.S. EPA 1992).
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In addition, the Commission of the European Communities’ report on Dietary Food
Additive Intake in the European Union identified talc as having an acceptable daily
intake (ADI) of “not-specified.” The JECFA has also assessed talc and assigned an ADI
of “not specified” due to the lack of toxicity from oral exposure. The substance was
considered not to be a hazard to human health at oral intake levels noted in total diet
surveys, which represents the main sources of oral exposure for this substance (IARC
1987; EU [modified 2001]). Furthermore, talc is considered “generally recognized as
safe” for specific uses in food packaging in the United States (U.S. FDA GRAS list)
without being subject to pre-market approval requirements (U.S. FDA 2019a, b).

Dermal route of exposure

There are limited data available on repeated-dose studies via dermal exposures to talc
(Danish EPA 2016). In the available literature, only one repeated-dose dermal toxicity
study was identified (Wadaan 2009). Severe limitations were noted for this study,
including a lack of information on the test substance and the dose applied, as well as a
lack of detail regarding the test animals. Skin dryness and erosion were noted; however,
application sites were shaved, indicating that talc may have been applied to broken skin.
Additionally, there were no indications of irritation, sensitization, or dermal absorption
following exposure to unabraded and/or non-diseased skin (MAK-Commission 2012). A
3-day occlusive application of pharmaceutical-grade talc did not show any signs of
irritation in five human volunteers (Frosch and Kligman 1976, as reported in MAK-
Commission 2012).

Case reports, however, do indicate that the application of talc to diseased or broken
skin can cause the formation of granulomas, particularly if the talc particles have a large
diameter (MAK-Commission 2012; CIR 2013; Fiume et al. 2015). In addition,
granulomas have been observed in the umbilical regions of infants, in the testes, on the
vocal cords, in the urinary tract, and during phlebectomies following contact with talc-
powdered surgical gloves (Ramelet 1991, as reported in MAK-Commission 2012;
Simsek et al. 1992, as reported in MAK-Commission 2012). As a result, the CIR
concluded that “talc should not be used on skin where the epidermal barrier is removed
or on skin that has greater than first degree burns.”

Although dermal contact with talc is expected from the use of various products available
to consumers, talc is a chemically inert, solid powder that is insoluble in water (Table 3-
1). As a result, it does not penetrate intact skin, and therefore systemic absorption
through the skin is not expected. Consistent with other international regulatory and
advisory bodies (Danish EPA, U.S. EPA, MAK-Commission, U.S. FDA, and JECFA), a
dermal health effects endpoint has not been identified for talc.

Inhalation route of exposure

Human studies
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Epidemiological data for workers exposed to talc via inhalation have been reviewed and
discussed by the U.S. EPA (1992), IARC (2010), MAK-Commission (2012) and Danish
EPA (2016).

The Danish EPA (2016) noted that talc is not absorbed via inhalation. Rather, particles
are retained in the lung, and lung burden is reported to increase proportionally with
exposure concentration and frequency. The Danish EPA (2016) detailed
epidemiological data that noted mortalities in workers due to lung diseases following
exposures to talc. However, it was stated that there was no increase in the lung cancer
rate in talc millers in the absence of exposure to carcinogens. A recent meta-analysis by
Chang et al. (2017) reported a positive association with lung cancer in workers exposed
to talc. However, co-exposure to other hazardous materials in the workplace and
smoking were not adequately accounted for.

The chronic inhalation of talc leads to lung function disorders and fibrotic changes in
humans. Since talc particles are persistent, they have the potential to accumulate in
human lung tissue, which may lead to both an impairment of the self-cleaning
mechanism of the lungs (reduced ability to fight infections) and inflammatory changes
and fibrosis. Talc particles may be enclosed in a foreign-body granuloma as the result of
an inflammatory reaction. The mobility of the macrophages is restricted by phagocytized
talc particles, leading to changes in the function of these cells and subsequently to
chronic inflammatory reactions (Gibbs et al. 1992).

In humans, there are reports of pure talc-induced pneumoconiosis or talcosis following
repeated inhalation exposure to talc. Talcosis has been reported to occur in miners,
millers, rubber workers, and other occupational groups exposed to talc without asbestos
or silica (Fine 1976; Vallyathan and Craighead 1981; Feigin 1986; Gibbs et al. 1992;
Wild et al. 1995; Akira et al. 2007) after long term exposures at air concentrations
estimated to be as low as < 1 mg/m3. The Danish EPA relied upon a more recent
longitudinal survey of French and Austrian talc workers (Wild et al. 2008) in which the
prevalence of small radiological opacities and decreases in lung function parameters
were related to cumulative exposure at study inclusion. Previous samples taken from
the French cohort (Wild et al. 1995) indicated a correlation between talc exposures and
lung effects. However, as the follow-up study progressed, talc exposure did not produce
additional changes. It should be noted that confidence intervals for exposures within the
study were large, indicating high variability in the data. The mean estimated talc dust
concentration during the mean duration of follow-up (14.5 years) was 1.46 mg/m? (Wild
et al. 2008).

With respect to non-occupational human exposures, cases have been reported of
individuals exposed to talc (from acute to prolonged exposures) who seek treatment for
non-specific complaints, including progressive exertional dyspnea and dry or productive
cough, with indications of lung lesions (Marchiori et al. 2010; Frank and Jorge 2011).
Talcosis has been shown to occur in children and adults, with symptoms that developed
shortly after acute to short-term exposure or up to 10 years later (Patarino et al. 2010;
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Shakoor et al. 2011). Inhalation of talc has been known to cause pulmonary effects,
even following single acute exposures, as reported in a 10-year-old child who had a
history of a single exposure to talc at two years of age (Cruthirds et al. 1977). Another
case report detailed a 7-year-old child who developed asthma and reduced lung
function after a single exposure event (Gould and Barnardo 1972). Additionally, a 52-
year-old woman who used baby talcum powder regularly, at least twice a day (usually
after bathing for personal hygiene and habitually applying it to her bed sheets nightly)
for 20 years, was reported to have dyspnea, along with a persistent dry cough and
unintentional rapid weight loss. A radiographic exam noted evidence of interstitial lung
disease with fibrosis (Frank and Jorge 2011).

Other relevant case reports include that of a 55-year-old woman, occupationally
exposed to talc as a dusting agent on packed rubber balls from 1958 to 1968, who was
reported to develop dyspnea during the first 5 years after exposure (Tukiainen et al.
1984), and a 62-year-old woman occupationally exposed to talc for 5 years who was
reported to have progressive lung fibrosis for more than 40 years (Gysbrechts et al.
1998).

Animal studies

Similar to what has been observed in humans, inhalation of talc in animals may elicit
inflammation and lead to lung disease (Sato et al. 2020). Inhalation studies conducted
with talc in animals have been cited and reviewed by the U.S. EPA (1992), IARC
(2010), MAK-Commission (2012) and Danish EPA (2016) and are summarized in this
section. A literature search was conducted from the year prior to the most recent
assessment to September 2020, and no studies were identified that produced lower
points of departure or different critical endpoints than the studies summarized in this
section. In addition, a number of studies were noted to have significant limitations and
are not considered further in this assessment.

In a repeated-exposure study conducted by the U.S. NTP, groups of F334/N rats were
exposed to aerosolized talc (MMAD 2.7 to 3.2 um; Geometric Standard Deviation (GSD)
1.9) via the inhalation route of exposure. Test animals were exposed (whole-body) for 6
hours per day, 5 days per week, for up to 113 weeks (males) or up to 122 weeks
(females) to aerosols of 0, 6, or 18 mg/m? talc (49 or 50 males per group, 50 females
per group) (NTP 1993). Mean body weights of rats exposed to 18 mg/m? talc were
slightly lower than those of controls after week 65. No clinical observations were
attributed to talc exposure. Absolute and relative lung weights of male and female rats
exposed to 18 mg/m? talc were significantly greater than those of controls. Inhalation
exposure produced a spectrum of inflammatory, reparative, and proliferative processes
in the lungs. Granulomatous inflammation, which was evident as early as 6 months (first
histopathological examination), occurred in nearly all exposed rats, and the severity
increased with exposure duration and concentration. Hyperplasia of the alveolar
epithelium and interstitial fibrosis occurred in or near the foci of inflammation in many
exposed rats, while squamous metaplasia of the alveolar epithelium and squamous
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cysts were also occasionally seen. Accumulations of macrophages (histiocytes), most
containing talc particles, were found in the peribronchial lymphoid tissue of the lung and
in the bronchial and mediastinal lymph nodes. In exposed male and female rats, there
was a concentration-related impairment of respiratory function, beginning at 11 months,
which increased in severity with increasing exposure duration. The impairment was
characterized by reductions in lung volume (total lung capacity, vital capacity, and
forced vital capacity), lung compliance, gas exchange efficiency (carbon monoxide
diffusing capacity), and non-uniform intrapulmonary gas distribution (NTP 1993). Based
on these results, a lowest observed adverse effect concentration (LOAEC) of 6 mg/m3
was established for non-cancer lung effects.

In female rats, at 18 mg/m? talc, the incidences of alveolar/bronchiolar adenoma,
carcinoma, and adenoma or carcinoma (combined) were significantly greater than those
of controls (NTP 1993). The incidences of lung neoplasms in exposed male rats were
similar to those in controls. Adrenal medulla pheochromocytomas (benign, malignant, or
complex [combined]) occurred with a significant positive trend in male and female rats,
and the incidences in the 18 mg/m? talc groups were significantly greater than those of
controls (NTP 1993).

The NTP (1993) concluded that there was some evidence of carcinogenic activity of talc
in male rats on the basis of an increased incidence of benign or malignant
pheochromocytomas of the adrenal gland. They also concluded that there was clear
evidence of carcinogenic activity of talc in female rats on the basis of increased
incidences of alveolar/bronchiolar adenomas and carcinomas of the lung and benign or
malignant pheochromocytomas of the adrenal gland.

In a subsequent symposium, experts from the NTP, along with academic, industry, and
government experts, re-examined the results of the chronic inhalation studies. The
general consensus from the expert panel was that the highest dose tested (18 mg/m?)
exceeded the maximum tolerated dose (MTD) and, for that reason, the neoplasms
noted were considered not relevant to human health risk assessment (Carr 1995). A
similar conclusion was reported by Warheit et al. (2016). The Danish EPA (2016) and
the MAK-Commission attributed lung tumours in female rats to the general particle
effect of granular biopersistent dusts, which manifests as lung tumours in rodents only,
an effect that would not be specific to the talc particles. They also attributed the
pheochromocytomas to an increase in cell proliferation due to hypoxia, which was
considered to be a high-dose effect (MAK-Commission 2012).

In another chronic NTP study, B6C3F1 mice were exposed to aerosolized talc via the
inhalation route (NTP 1993). Test animals (47 to 49 males per group, 48 to 50 females
per group) were exposed (whole-body) for 6 hours per day, 5 days per week, for up to
104 weeks to aerosols of 0, 6, or 18 mg/m? talc (MMAD 3.3 to 3.6 um; GSD 1.9 to 2.0).
Survival and final mean body weights of male and female mice exposed to talc were
similar to those of controls. Animals appeared normal in cage-side observations
conducted throughout the study. Chronic active inflammation and the accumulation of
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macrophages, which contained talc, were observed in the lungs of mice exposed to
both concentrations of talc. In contrast to rats, hyperplasia of the alveolar epithelium,
squamous metaplasia, or interstitial fibrosis were not associated with the inflammatory
response in mice, and the incidences of lung neoplasms in exposed and control groups
of mice were similar. Accumulations of macrophages (histiocytes) containing talc
particles were also present in the bronchial lymph node. The critical effect level and
corresponding health effects endpoint was a LOAEC of 6 mg/m? for non-cancer lung
effects (NTP 1993).

Doses used in its chronic studies were selected by the NTP on the basis of the results
of a 4-week inhalation study (1993) in which rats and mice were exposed to talc at 0, 2,
6, or 18 mg/m? for 6 hours a day, 5 days a week. Lung burden was noted to be
increased in a dose-dependent manner, with overload noted by the study authors at 6
and 18 mg/m? in rats but not at any dose in mice.

In a review of the NTP studies, Oberdorster (1995) revisited the lung deposition data
and particle accumulation kinetics in the lungs of rats and mice, demonstrating that
impaired clearance and lung overload was reached at 6 mg/m? and above, for both
sexes, in rats and mice. A recent review by Bevan et al. (2018) explores the issue of
lung overload and lung cancer associated with toxicity testing of poorly soluble particles
in rodents. They concluded that while the evidence suggests that the rat lung model is
unreliable as a predictor for human lung cancer risk associated with these substances, it
is a sensitive model for detecting various threshold inflammatory markers, with utility for
use in non-neoplastic risk assessment.

A no observed adverse effect concentration (NOAEC) of 2 mg/m? was derived from the
NTP 4-week study, on the basis of increased lung burden and impaired clearance at a
LOAEC of 6 mg/m? following 4 weeks of dosing. At the same concentration (6 mg/m?),
granulomatous inflammation and alveolar epithelial hyperplasia were noted at a 6-
month interim sacrifice in the chronic rat inhalation study, and interstitial fibrosis and
impaired lung function were noted in some animals at 11 months. As noted previously,
following a single exposure in rats, the biological half-life for ciliary clearance was
between 7 and 10 days, indicating that previous exposure would not have cleared prior
to subsequent exposures, leading to a build-up in lung tissue. In a re-examination of the
NTP lung burden data, Oberdorster (1995) estimated that lung retention half-lives of talc
particles were between 250 and 300 days in the rat chronic study.

The Danish EPA (2016) established a health-based quality criterion for ambient air
(QCair)'° of 0.004 mg/m?, based on both animal and human data. The LOAEC of 6
mg/m3 from the chronic NTP studies (mice and rats) and the NOAEC of 1.5 mg/m? for

10 The health-based quality criterion in ambient air (QCair) is a reference concentration that refers to the maximum
permissible contribution to air from industrial sources.
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talc-induced non-cancer lung effects in the longitudinal survey of French and Austrian
talc workers (Wild et al. 2008) were each considered as relevant points of departure by
the Danish EPA. After incorporating uncertainty factors (250 for the animal endpoint and
100 for the human endpoint) to address inherent uncertainties within the database (e.g.,
limitations in the human and animal data, variability within the human population), a
QCair of 0.004 mg/m3was established by the Danish EPA.

Although human occupational studies and case studies are available, these studies do
not provide accurate measures of exposure for use in establishing points of departure
for quantitative risk characterization. However, human studies do note a similar range of
lung effects and disease as animal models. Results from the above-noted animal
studies were therefore selected for the non-cancer risk characterization. On the basis of
the NTP studies with rats and mice exposed to cosmetic-grade talc, a NOAEC of 2
mg/m? for non-cancer lung effects is considered to be appropriate for the inhalation
route of exposure for short- or long-term use. Given the long half-life and slow lung
clearance of talc from the lungs, even episodic exposures would be expected to
increase lung load. The NOAEC of 2 mg/m?3 was derived from a study in which animals
were exposed on an intermittent basis (6 hours per day, 5 days a week). It was adjusted
to a concentration that represents continuous exposure, using the U.S. EPA guidance
on inhalation risk assessment!! (U.S. EPA 1994, 2009). The adjusted NOAEC for non-
cancer effects is 0.36 mg/m3. This adjustment is considered appropriate to apply when
the available data indicate that both concentration and time (c x t), not concentration
alone, are likely to affect the toxicity observed.

Perineal exposure to talc

In 2006, the IARC classified perineal use of talc-based body powder as “possibly
carcinogenic to humans” (Group 2B) on the basis of limited evidence in humans. The
IARC reported that “many case-control studies of ovarian cancer found a modest, but
unusually consistent, excess in risk, although the impact of bias and potential
confounding could not be ruled out” (IARC 2010).

In 2014, in response to citizen petitions, the U.S. FDA reviewed the available scientific
information and did not find that the data presented conclusive evidence of a causal
association between talc use in the perineal area and ovarian cancer. However, the
U.S. FDA recognized that a possible association may exist. In their correspondence to

11 This adjustment was made according to guidance and equations outlined in the U.S. EPA Supplemental Guidance
for Inhalation Risk Assessment (U.S. EPA 2009) and the U.S. EPA Methods for Derivation of Inhalation Reference
Concentrations and Application of Inhalation Dosimetry (U.S. EPA 1994). Adjustment of duration to a continuous
exposure scenario is done through the use of Equation 1 from U.S. EPA 2009, i.e., NOAEC[ADJ] = E x D x W, where
the NOAEC[ADJ] (mg/m?3) = the no-observed adverse effect level (NOAEC) adjusted for the duration of the
experimental regimen; E (mg/m3) = the NOAEC or analogous exposure level observed in the experimental study;

D (h/h) = the number of hours exposed/24 hours; and W (days/days) = the number of days of exposure/7 days. The
NOAEC[ADJ] = 2 mg/m? x 6h/24h x 5d/7d = 0.36 mg/m?,
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the petitioner they note; “while the growing body of evidence to support a possible
association between genital talc exposure and serous ovarian cancer is difficult to
dismiss, the evidence is insufficient for FDA to require as definitive a warning as [you]
are seeking” (U.S. FDA 2014).

The National Cancer Institute’s Physician Data Query for Health Care Professionals
(NCI 2019) states that “[tlhe weight of evidence does not support an association
between perineal talc exposure and an increased risk of ovarian cancer.”

The CIR Expert Panel (2013) determined that there is no causative relationship
between cosmetic use of talc in the perineal area and ovarian cancer and that talc is
safe in the practices of use and concentration described in the CIR safety assessment.
Issues noted by the CIR included a lack of consistent statistically significant positive
associations across all studies; small risk ratio estimates; a failure to rule out other
plausible explanations such as bias, confounders, and exposure misclassifications; and
a lack of evidence from studies of occupational exposures and animal bioassays (CIR
2013; Fiume et al. 2015).

Several publications became available after the IARC, U.S. FDA and CIR assessments
and suggest that the relationship between perineal talc exposure and ovarian cancer is
causal (Narod 2016; Penninkilampi and Eslick 2018; McTiernan 2019; Taher et al.
2019). Other authors do not indicate a causal relationship (Huncharek and Muscat
2011; Berge et al. 2018; Goodman et al. 2020; Johnson & Johnson Consumer, Inc.
2020).

The etiology of most ovarian tumours has not been well established, and ovarian cancer
is a relatively rare disease (NASEM 2016; AICR 2020; CTFPHC 2020; NCI-SEER
2020). There are a number of different tumour types with characteristic histologic
features, distinctive molecular signatures, and disease trajectories. Moreover, these
tumours are heterogeneous and can arise from different tissues of the female
reproductive tract, including the fallopian tube epithelium (Piek et al. 2001; Piek et al.
2003; Finch et al. 2006; Kindelberger et al. 2007; Przybycin et al. 2010; Morrison et al.
2015; NASEM 2016). Ovarian tumours can be grouped into categories (e.g., epithelial
ovarian cancer, germ cell tumours, gonadal stromal tumours, metastatic neoplasms).
Epithelial ovarian cancers are often designated as Type | or Type I, with further
subdivision within each type. Type | tumours have characteristics quite distinct from
Type Il tumours, and research supports that they have different molecular pathways and
may not be ovarian in origin (Kurman and Shih 2011; Seidman et al. 2011; Kuhn et al.
2012; Kurman and Shih 2016).

Tumour subtypes are one of the many subgroup analyses conducted in several of the
epidemiology studies and reviews. However, there was very little consistency in
whether, or how, these subgroup analyses were conducted across the available studies,
thereby leaving the analyses limited and likely underpowered (low sample sizes).
Furthermore, there is considerable uncertainty for how subgroup data should be
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examined, in particular, for the tumour subtypes. Therefore, subgroup analyses will not
be further examined in this assessment.

Mode of action

The possibility that talc could migrate to the ovaries from perineal use was postulated
following work by Henderson et al. (1971). In terms of disposition, talc particles were
identified in 10 of 13 human ovarian tumours and 12 of 21 cervical tumours but were
also found in 5 of 12 “normal” ovarian tissues removed from patients with breast cancer
(Henderson et al. 1971). A follow-up study was conducted in order to control for talc
contamination (e.g., from surgeons’ gloves) and again talc was found in all samples:
three normal ovaries, three cystic ovaries and three adenocarcinomas (Henderson et al.
1979). There was no information provided on the patients in these studies with respect
to history of perineal talc use.

In a separate study, ovaries from 24 patients undergoing incidental oophorectomy were
examined; 12 women reported frequent perineal talc use (ever-users) and the other 12
women were non-users. Talc particles were detected in all 24 cases (both ever- and
non-users) and there was no relation found between reported levels of exposure and
talc particle counts in ovaries (Heller et al. 1996). Wehner (2002) attributed the talc in
the non-users to (a) possible sample contamination, because some studies using
negative controls resulted in particle counts similar to the test sample; and/or (b)
possible false positives due to the use of a single radioactive tracer. Heller et al. (1996)
hypothesized that talc use during diapering could also contribute to the ovarian particle
burden.

A case report has been described of a woman with advanced ovarian serous carcinoma
known to have used talc in her genital area daily for 30 years. Talc was shown to be
present in macrophages within pelvic lymph node tissue. It was therefore unlikely to be
due to surface contamination and likely was caused by talc migration up the
reproductive tract to the ovaries (Cramer et al. 2007; Campion et al. 2018). In a more
recent study, McDonald et al. (2019b) aimed to differentiate the presence of talc in
pelvic lymph nodes due to talc exposure versus contamination. The study showed that
the methods used for assessment and quantification of talc can drastically affect the
findings. Digestion of the tissue sample may be more greatly influenced by
contamination than using in situ scanning electron microscopy/energy dispersive X-ray
analysis (in situ SEM/EDX). In one experiment, nodes in 22 patients with various types
of ovarian tumours were examined (45% had used talc in their genital areas and 73%
had used it as a body powder) by digestion and regular SEM/EDX. A measure of
surface contamination (presence of material along specimen edge) was also estimated
for each sample. Overall, genital talc users had higher talc counts than non-users, but
the association was of borderline significance. However, after adjusting for surface
contamination, talc burden in nodes correlated strongly with genital talc use. In a
second experiment, 19 lymph node specimens from 10 carcinoma cases (talc exposure
unknown) were assessed by in situ SEM/EDX without digestion, which allowed for
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distinction of interior tissue versus exterior surfaces. This portion of the study confirmed
talc as surface contamination particles (McDonald et al. 2019b).

Migration or retrograde movement of talc particles from the vagina to the ovaries has
been identified as a plausible explanation of the above findings (i.e., talc particles in the
upper reproductive tract) (Henderson et al. 1986; Heller et al. 1996; Cramer et al. 2007).
The U.S. FDA (2014) stated “[w]hile there exists no direct proof of talc and ovarian
carcinogenesis, the potential for particulates to migrate from the perineum and vagina to
the peritoneal cavity is indisputable.” Schildkraut et al. (2016) suggested that talc
particles might also translocate to the ovaries following inhalation exposure to fine talc
particles. However, these findings were not evident in the hamster inhalation study
summarized above under Toxicokinetics (Wehner et al. 1977b). Some authors have
noted the idea that the uterus and fallopian tubes act as a peristaltic pump to help
retrograde movement of sperm (Zervomanolakis et al. 2007), which could also help
transfer particles up the reproductive tract. Studies specifically assessing potential
movement of talc particles through the human body were not identified in the literature.
The limited information that was available reported mixed results; however, the
possibility of translocation of fine and ultrafine particulate matter, in general, has been
noted (Peters et al. 2006).

A suspension of talc (100 mg/ml in saline) was introduced into the cervical canal of
female rats (n =8). Half of the rats were sacrificed 5 days later and the remaining rats
went on to receive up to four further instillations. A similar procedure was conducted on
an additional 12 rats; however, the suspension was deposited into the vagina and
animals were sacrificed after 24 hours, 48 hours or 4 days. Talc particles were detected
in the ovaries of all the rats that received intrauterine instillations as well as the rats that
received intravaginal treatment killed after 4 days. There was no talc detected in the
control rats, nor in the rats receiving intravaginal treatment that were killed at 24 hours
or 48 hours (Henderson et al. 1986). Conversely, in other species, no translocation of
talc into the ovaries was detected after single or multiple intravaginal applications.
Female rabbits were given a single dose (n = 3) or six daily doses (n=3) of a
radiolabelled talc suspension intravaginally and killed 3 days following the last dose.
Radioactivity was detected at the site of administration in all rabbits, and a small amount
was found in the cervix and fallopian/uterine tubes in the repeated dose rabbits;
however, no radioactivity was detected in the ovaries (Phillips et al. 1978). Similarly, in
monkeys receiving 30 applications daily over consecutive work days of neutron-
activated talc in saline deposited in the posterior vaginal fornix, samples from the vagina
and cervix contained talc, whereas samples from the uterus or ovaries did not (Wehner
et al. 1986). This confirmed results from the pilot study in an earlier paper with fewer
monkeys and only a single dose, in which no measurable talc was found deposited in
the uterine cavity or further up the reproductive tract (Wehner et al. 1985).

Translocation of other inert particles, similar in size to talc, has also been studied in

humans and animals. Retrograde migration was studied in rabbits administered a
lubricant powder intravaginally. There were no overall statistically significant differences
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between the control and experimental animals; however, some measured parameters
(large particles from peritoneal fluid cell pellets and small particles in cervix) did show
significant differences and indicated that the possibility of retrograde migration could not
be excluded (Edelstam et al. 1997). A subsequent study in humans was conducted
where patients (n =12 to 17) undergoing elective hysterectomy were examined either
with powdered gloves or powder-free gloves at 1- or 4-days pre-operatively. For those
examined 1-day pre-operatively, statistically significant increases in large and small
starch particles were found in the cervix, uterus and tubes. At 4-days pre-operatively,
increases were only significant in the cervix and uterus. Particles were however found in
three control patients, and two of the test subjects had no particles detected (Sjosten et
al. 2004).

Three human patients undergoing a scheduled hysterectomy had a suspension of
carbon particles deposited in the posterior fornix of the vagina after general anesthesia
was induced. Carbon particles were recovered from the fallopian tubes of two of the
three women approximately 30 minutes following administration. No carbon particles
were found in the fallopian tubes of the third patient 20 minutes after administration.
There were no control patients in this study (Egli and Newton 1961). De Boer (1972)
conducted a similar experiment using a colloidal suspension of carbon placed into
patients about to undergo abdominal surgery. Carbon material was found in the
fallopian tubes of more than 50% of the patients when the suspension was placed in the
uterine cavity but only once in 37 observations when it was placed in the vagina. Venter
and Iturralde (1979) reported a study where radiolabelled human albumin microspheres
were deposited in the posterior fornices of 24 patients admitted to hospital for elective
gynecological surgeries. Sixteen had radioactive tracer in the uterus, fallopian tubes
and/or ovaries, five were negative and the remaining three were excluded due to
technical error. Technetium-labelled albumin macrospheres were also used by Kunz et
al. (1996) and Kissler et al. (2004). A suspension was placed into the posterior vaginal
fornix of 64 women during the early, mid- and late follicular phases of the cycle.
Ascension of the macrospheres to the tubes occurred rapidly and quantitatively
increased with progression of the follicular phase (Kunz et al. 1996). Kissler et al. (2004)
found that uterine contractibility was influenced by estradiol levels. The rate and
direction of contractions varies throughout the cycle of nonpregnant humans. Small and
frequent contractions in retrograde direction occur from the end of menstruation until the
late proliferative phase; during menstruation, the direction reverses.

With respect to talc and induction of tumours, local chronic irritation leading to an
inflammatory response is one possible mechanism of tumour progression that is
frequently hypothesized in the literature (Muscat and Huncharek 2008; Penninkilampi
and Eslick 2018; Taher et al. 2019; O’Brien et al. 2020). An inflammatory response
associated with talc has been clearly demonstrated in lung tissue (Sato et al. 2020) and
utilized clinically in pleurodesis (Van den Heuvel et al. 1998; Genofre et al. 2007;
Arellano-Orden et al. 2013), and there is support for an association of inflammation and
increased risk of ovarian cancer (Cheng et al. 2000; Yan et al. 2006; NASEM 2016;
Rasmussen et al. 2017). Persistent indications of inflammation (including C-reactive
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protein, tumour necrosis factor, and other inflammatory markers) are detected in the
blood of women prior to a diagnosis of ovarian tumours (Trabert et al. 2014), while other
inflammatory markers have been found in the blood of women who used talc products
daily for more than 20 years (Williams et al. 2014). Zeng et al. (2016) performed a meta-
analysis of eight epidemiology studies and determined that elevated levels of C-reactive
protein was associated with a significantly increased risk of ovarian cancer. In an animal
study (summarized below), Keskin et al. (2009) measured an increase in the number of
inflammatory cells in all genital tissues of rats intravaginally exposed to talc for 3
months. It should be noted however that the rats also developed infections over the
course of the study which could have led to the increase in inflammatory cells.

A recent study (Fletcher et al. 2019) was conducted to determine the effect of talc on
the expression of enzymes and markers associated with inflammation, and the effect on
cell proliferation and apoptosis in normal cells compared to epithelial ovarian cancer
cells was also examined. There was a dose-dependent significant increase in key
prooxidants and a decrease in key antioxidant enzymes in all talc-treated cells
compared to controls. It was found that talc exposure induced specific point mutations
that are known to alter the activity of some of these enzymes. There was an increase in
inflammation as determined by a significant increase in the tumour marker CA-125. And
lastly, talc-exposed cells had significantly induced cell proliferation and decreased
apoptosis. Such changes (shifts in key redox and inflammatory markers, enhanced cell
proliferation and apoptosis inhibition) are all hallmarks of ovarian cancer (Fletcher et al.
2019) and support the hypothesis that talc exposure may lead to ovarian cancer through
inflammatory mechanisms.

In another recent study (McDonald et al. 2019a), five cases (patients with ovarian
cancer and a history of perineal talc use) and six controls (patients with ovarian cancer
and no genital exposure to talc) were assessed. Surgically resected pelvic tissues
(ovary, fallopian tube, cervix/uterus, lymph node) were examined by polarized light
microscopy (PLM), SEM and EDX. Talc was found in at least two and up to four pelvic
organ sites distant from the perineum in all five of the cases, yielding an aggregate total
of 503 talc particles for the five cases. This can be compared to the four total talc
particles found in the controls (two in the ovary of one patient and two in the fallopian
tube of another patient). The presence of asbestos fibres was also investigated and
nothing above the level of detection was measured in any of the subjects (cases or
controls). Findings also showed accumulation of talc in the cytoplasm of tissue
macrophages in several of the tissue sites of the five cases, which may substantiate the
inflammatory potential of talc. Finally, this study supports the hypothesis of the migration
of talc from the perineal region through lymphatic pathways by demonstrating the
presence of talc in multiple pelvic tissues and lymph nodes simultaneously (McDonald
et al. 2019a). Some further work was done (Johnson et al. 2020) to compare talc
particles from commercially available powders to those found in pelvic tissues taken
from 11 randomly selected ovarian cancer patients with a known history of long-term
perineal talc use. PLM and SEM/EDX were employed to measure the talc particles, and
extensive measures were taken to control for contamination. The talc particles taken
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from tissues of the patients were most often located within benign tissue, reactive
fibroblastic tissue, or chronically inflamed tissue near a tumour, rather than within
tumours; the presumption is that talc accumulates in benign tissue some time prior to
the tumour developing. The particle size and dimensions of talc particles found in the
commercial samples are consistent with those found in the pelvic tissues of the patients:
77.7% of commercial samples and 83.5% of talc from tissues fall within the same
ranges for aspect ration and area. This lends support to the idea that externally-applied
talc can migrate from the perineal area (Johnson et al. 2020).

The effect of talc particles in the presence of estrogen was investigated in culture with
murine ovarian surface epithelial cells. Co-stimulation of macrophages with estradiol
and talc produced an additive effect on reactive oxygen species production and
permitted a higher number of cancer cells to survive. Talc alone, and especially in
combination with estradiol, produced changes in gene expression that could have
promoted a pro-tumorigenic environment and less efficient tumoricidal activity of the
macrophages. Control particles (titanium dioxide, urban air particulates or diesel
exhaust particles) did not produce the same effects (Mandarino et al. 2020). These
results align with the earlier findings of Buz’Zard and Lau (2007) that talc increased cell
proliferation and reactive oxygen species generation and induced neoplastic
transformation in ovarian cells and polymorphonuclear neutrophils in vitro, suggesting
that it may contribute to ovarian neoplastic transformation. Similarly, talc was noted to
induce a greater inflammatory response than other poorly soluble particles in a recent
study in hamsters (Sato et al. 2020). Collectively, these results suggest that talc is
different from other poorly soluble particles and demonstrates a tumour-promoting
activity.

Another possible mode of action put forth in the scientific literature is immune mediated.
It has been suggested that talc particles need not reach the ovaries but only need to
reach the lower genital tract, where they could trigger changes (such as the production
of heat shock proteins and/or decreased levels of antibodies) that could contribute to
ovarian cancer (Cramer et al. 2005; Muscat et al. 2005). Human mucin 1 (MUC1) is
expressed in high levels by ovarian cancer (Gendler and Spicer 1995; Deng et al.
2013). Mucins are proteins involved in the formation of mucous barriers on epithelial
surfaces (Gendler and Spicer 1995). Anti-MUC1 antibodies may have a protective
effect; patients generate immunity against MUC1 produced by their tumours (Cramer et
al. 2005). The Cramer et al. (2005) study used an enzyme-linked immunosorbent assay
to measure anti-MUCL1 antibodies in women. It was found that the use of talc in the
perineal area was associated with significantly decreased levels of antibodies to MUCL1.
Cramer (2012) further hypothesized that chronic talc use can affect the tissues that
express MUC1, leading to an immune-tolerance and lower anti-MUC1 antibodies, thus
increasing the risk for ovarian cancer. Pinheiro et al. (2010) also studied anti-MUC1
levels and ovarian cancer in a large cohort. Although the results were not stratified with
respect to talc use specifically, the authors found that anti-MUC1 antibodies, when
evaluated several years prior to diagnosis, may be associated with decreased risk of
ovarian cancer in subjects less than 64 years of age at assessment.
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Animal studies

While some animal studies have investigated the effect of talc on the ovaries, rodents
are poor experimental models for perineal studies for a number of reasons. Ovulation,
including the number of oocytes generated and the length of cycle, is markedly different
in rodents compared to humans (Chaffin and VandeVoort 2013). In general, epithelial
ovarian tumours are rare in rodents, possibly due to the bursa surrounding the ovaries.
The ovarian bursa is lacking in humans, but is necessary for normal ovulation and
reproduction in rodents. This membranous pouch may offer some protection of the
surface epithelium from local carcinogens (Nishida et al. 1998; Li et al. 2007). Ovarian
tumours can occur in some strains of mice and rats; however, the low incidence and the
length of time required for the appearance of tumours are limitations of experimental
studies testing ovarian carcinogenesis (Vanderhyden et al. 2003). On account of the
limitations detailed above, in addition to the challenges posed by exposing animals via
the perineal route, animal data are very limited; one single-dose study (Hamilton et al.
1984) and one short-term repeated-dose study were available (Keskin et al. 2009).

A single injection of talc (in saline; 100 pl) into the bursa around the ovaries of 10 rats
resulted in a cystic appearance due to distension of the bursal sac. Foreign-body
granulomas without surrounding inflammation were documented in five ovaries and
papillary changes were seen in the surface epithelium in four ovaries. The presence of
talc was confirmed; however, the study authors hypothesized that the results could also
be due to long-term exposure to steroidal hormones present in the entrapped follicular
fluid within the distended bursa (Hamilton et al. 1984).

Daily perineal or intravaginal application of talc (100 mg in 0.5 ml in saline; aerosol
form) to rats (n=7) for 3 months produced evidence of foreign-body reaction, findings of
infection and an increase in the number of inflammatory cells in all genital tissues
(vulva, vagina, uterus, fallopian tubes, and ovaries). Two control rats also had
infections. There were no cancer or pre-cancer effects observed; however, the authors
noted that the study duration may have been too short to note these types of effects
(Keskin et al. 2009).

No chronic or carcinogenicity animal studies by the perineal route of exposure were
identified in the literature for talc.

Human studies

Several meta-analyses of available epidemiological data, including both case-control
and cohort designs, have been published. These studies have consistently reported a
positive association with ovarian cancer and perineal talc exposure, with odds ratios
(OR)s ranging from 1.22 to 1.35 (Huncharek et al. 2003; Langseth et al. 2008; Terry et
al. 2013; Berge et al. 2018; Penninkilampi and Eslick 2018; Taher et al. 2019).
Generally, the various meta-analyses were conducted with the same available
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epidemiological studies. However, different studies were included or excluded for
various reasons. There were also variations in defining criteria for inclusion of
participants in the study, resulting in differences in the ORs for the individual studies
considered. Despite this, the meta-analyses produced similar overall ORs with statistical
significance. Table 7-1 shows a comparison of the three most recently published meta-
analyses, namely those of Berge et al. (2018), Penninkilampi and Eslick (2018) and
Taher et al. (2019).

Collectively, across the three most recent meta-analyses, there were 30 case-control
studies and four cohort design studies. A high percentage of the case-control studies,
89% for Berge et al. (2018), 92% for Penninkilampi and Eslick (2018) and 85% for
Taher et al. (2019), had calculated ORs greater than 1 (indicating a positive
association). Approximately half of these were statistically significant. Three of the four
cohort studies also reported ORs greater than 1. However, none were found to be
statistically significant (Berge et al. 2018; Penninkilampi and Eslick 2018; Taher et al.
2019). Some considerations pertaining to the cohort and case-control design studies
from the meta-analyses are noted below.

Cohort studies

There are 4 cohort studies used in the meta-analyses and reported in Table 7-1.

Gertig et al. (2000) and Gates et al. (2010) reported on the same cohort, i.e., the
Nurses’ Health Study (NHS). The NHS began in 1976 and targeted married registered
nurses aged 30 to 55 years living in the 11 most populous states; 71% of those targeted
returned the questionnaire. The questions pertaining to perineal powder use were not
added until 1982 and were only asked once (i.e., at baseline in 1982). Participants were
asked if they ever commonly used talcum, baby or deodorizing powder applied to the
perineal area or sanitary napkins (NHS 2020). Gates et al. (2010) followed the subjects
for 24 years (1982 to 2006), but did not assess never-users in a manner similar to other
epidemiological studies. Rather, they combined the never-users with those that used
powders “less than once a week.” Gertig et al. (2000) accounted for the never-users
alone, but their study had only 14 years of follow-up. Limitations recognized by the
authors of both studies include lack of detailed exposure data (e.g., age at which use
began, duration of use) and potential exposure misclassification, since the question
pertaining to genital powder use was not specific to talc (Gertig et al. 2000; Gates et al.
2010). Gertig et al. (2000) also highlight the relatively short follow-up period. Gates et al.
(2010) note that the greater degree of exposure misclassification over 24 years of follow
up is a possible explanation for the difference in association reported in Gertig et al.
(2000).

Houghton et al. (2014) used the cohort generated in the Women’s Health Initiative
(WHI). The original WHI study began in 1993 and concluded in 2005. Since 2005, the
WHI has continued through extension studies. The subjects were limited to post-
menopausal women between the ages of 50 to 79 from 40 clinical centres across the
United States. As in the case of the NHS, the question pertaining to genital powder use
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was not specific to talc (talc, baby, deodorizing powder) and was only asked at baseline
(WHI 2020). Houghton et al. (2014) reported a mean follow-up period of 12.4 years.
Duration of use was accounted for, but frequency of use was not. As noted by study
authors, had both duration and frequency of use been accounted for, a better measure
of intensity of use could have been conducted to assess dose-response. Other
limitations mentioned by the study authors included a lack of information regarding
oophorectomy after baseline and the potential for non-differential misclassification of
exposure (participants still needed to recall past use and duration) (Houghton et al.
2014).

In the final cohort study, Gonzalez et al. (2016) used data collected in the Sister Study.
The Sister Study was started in 2003 and recruited women aged 35 to 74 years residing
in the United States and Puerto Rico who had a sister diagnosed with breast cancer.
Questions regarding powder use asked at baseline were specific to talc powder, but
focused only on use during the ages of 10 to 13 years as well as use in the past 12
months?? (Sister Study 2020). Results of the Gonzalez et al. (2016) study produced the
lowest calculated OR (0.73). However, the follow-up period was the shortest of all the
cohort studies (less than 7 years) and talc use was assessed only for the 1-year period
before the study; both of these factors were recognized as limitations by the authors. As
well, as breast cancer is a risk factor for ovarian cancer development, this cohort may
not be representative of the general population, since subjects are more likely than the
general population to develop ovarian cancer (Gonzalez et al. 2016).

A recent analysis by O’Brien et al. (2020) revisited the available cohort studies. Data
from four cohort studies (NHS, WHI, SIS and NHS II) were pooled for a total sample
size of over 250 000 women. Additional cases (from the previous publications above)
and a median of 11.2 years of follow-up were included. O’Brien et al. (2020) is the only
published analysis that included data collected from the NHS II. The NHS Il was
established in 1989 and focused on oral contraceptive use, thus targeting a younger
population (aged 25 to 42 years). Only a single mail-out was done, resulting in a 24%
response rate. The questions regarding perineal powder use (“at least weekly”) were
not added until 2013 (NHS 2020), which means that fewer than 4 years of follow-up was
available for the O’Brien et al. (2020) analysis. The overall OR reported by O’Brien et al.
(2020) was 1.08 [0.99-1.17], and the authors concluded that there was not a statistically
significant association between perineal powder use and ovarian cancer. However, the
study authors recognized that the study may have been underpowered to detect a small
increase in risk. Several limitations were also recognized with respect to the exposure
assessment (e.g., no data collected on use after baseline, variation on exposure

12 The Sister Study did ask again about talc powder use, including more specific questions with respect to
exposure, in 2017-2019. However, data collected from these more recent questionnaires has not yet
been analyzed/published.
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categories, missing duration/frequency information) as well as overall limited
generalizability (O’'Brien et al. 2020).

Case-control studies

There are 30 case-control design studies used in the meta-analyses and reported in
Table 7-1. When the studies are pooled, they generate a substantial sample size with
data from different countries/geographical areas, representing a wide variety of
ethnicities. As is evident in Table 7-1, the sample sizes range considerably across the
studies. There are also differences in the prevalence of powder use as well as response
rates, both across the studies and, typically to a lesser degree, between the cases and
controls within the same study. For example, the response rates were very high for both
cases (90%) and controls (94%) in Tzonou et al. (1993), whereas they were low (40%
and 57%, respectively) for Mills et al. (2004). The response rate was sometimes better
among cases (e.g., Merritt et al. 2008; Cramer et al. 2016) and sometimes, but less
often, better among controls (e.g., Chen et al. 1992; Cook et al. 1997). Response rates
were not available for all studies. Prevalence of talc use also varied, sometimes
considerably, across and/or within (cases vs controls) studies. Several studies had
prevalence rates for both cases and controls of over 40% (Whittemore et al. 1988;
Harlow et al. 1992; Merritt et al. 2008; Schildkraut et al. 2016), whereas some reported
prevalence rates of less than 10% (Chen et al. 1992; Tzonou et al. 1993), suggesting
that prevalence of use may perhaps be dependent on ethnic background.

The selection of participants was restricted within each study to certain geographical
areas, and some were further restricted to certain ethnicities and/or to language spoken.
The specificity of the questions asked varied; some studies included questions about
talc use as part of a larger questionnaire covering several potential risk factors, while
other studies were more focused on talc use with detailed exposure questions (e.qg.,
frequency, duration, brand used). The questions were almost always administered via
an in-person or telephone interview by trained administrators (versus self-administered
mailed questionnaires). Finally, the selection of controls differed across the studies; the
majority used population-based control groups, while others chose to match cases to
hospital-based controls.

A number of common limitations were recognized by the authors of the various case-
control studies:
- small sample sizes (Rosenblatt et al. 1992; Tzonou et al. 1993; Ness et al. 2000;
Langseth and Kjaerheim 2004; Mills et al. 2004; Moorman et al. 2009)
- limited exposure information collected (Booth et al. 1989; Harlow and Weiss
1989; Green et al. 1997; Wong et al. 1999; Rosenblatt et al. 2011)
- reliance on self-reporting (Chang and Risch 1997; Green et al. 1997; Schildkraut
et al. 2016)
- low response rates, potential differences of powder use between cases and
controls or not interviewing all eligible participants (Cramer et al. 1982;
Whittemore et al. 1988; Chen et al. 1992; Harlow et al. 1992; Purdie et al. 1995;
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Chang and Risch 1997; Cook et al. 1997; Ness et al. 2000; Mills et al. 2004;

Merritt et al. 2008; Moorman et al. 2009; Rosenblatt et al. 2011; Wu et al. 2015)

and

- potential for recall bias (Hartge et al. 1983; Purdie et al. 1995; Wong et al. 1999;
Mills et al. 2004; Gates et al. 2008; Rosenblatt et al. 2011; Cramer et al. 2016).

Table 7-1. Available human epidemiological studies investigating the association
between perineal use of talc and ovarian cancer (Berge et al. 2018; Penninkilampi

and Eslick 2018; Taher et al. 2019)

Reference

Total sample size
(# cases)

OR [95% CI]

(Berge et al.
2018)

OR [95% ClI]

(Penninkilampi

and Eslick 2018)

OR [95% ClI]

(Taher et al. 2019)

Booth et al. 19892
686 (235)

1.29 [0.92-1.80]

1.30 [0.94-1.80]

Not included

Chang and Risch
19972
1014 (450)

1.35 [1.03-1.76]

1.42 [1.08-1.86]

1.42 [1.08-1.87]

Chen et al. 19922
336 (112)

3.90 [0.91-10.60]

3.90 [1.43-10.60]

Not included

Cook et al. 19972
735 (313)

1.50 [1.10-2.00]

1.50 [1.11-2.02]

1.60 [1.10-2.33]

Cramer et al. 19822
430 (215)

1.92 [1.27-2.89]

1.60 [1.21-2.12]

1.92 [1.27-2.90]

Cramer et al. 20162
4141 (2041)

1.32 [1.14-1.50]

1.42 [1.03-1.95]

1.32 [1.15-1.51]

Gates et al. 20082
3187 (1385)

Not included

Not included

1.36 [1.14-1.62]

Godard et al. 19982
305 (153)

2.49 [0.94-6.58]

2.49 [0.94-6.58]

2.49 [0.94-6.60]

Goodman et al.
20082
602 (387)

0.99 [0.70-1.41]

Not included

Not included

Green et al. 19972
1684 (824)

Not included

1.30 [1.06-1.60]

1.30 [1.10-1.54]

Harlow and Weiss
19809a
274 (116)

1.10 [0.70-2.10]

1.10 [0.58-2.10]

1.10 [0.70-1.73]

Harlow et al. 19922
474 (235)

1.50 [1.00-2.10]

Not included

1.50 [1.00-2.25]

Hartge et al. 19832
306 (135)

2.50 [0.70-10.00]

2.50 [0.66-9.45]

0.70 [0.40-1.22]

Kurta et al. 20122
2704 (902)

Not included

1.40 [1.16-1.69]

1.40 [1.16-1.69]

Langseth and
Kjaerheim 20042
225 (46)

Not included

Not included

1.15 [0.41-3.23]
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Reference

OR [95% CI]

OR [95% ClI]

OR [95% CI]

Total sample size (Berge et al. (Penninkilampi
(# cases) 2018) and Eslick 201g) | (Taner etal. 2019)
Lo-Ciganic et al.
20122 1.34[1.07-1.66] Not included Not included
2704 (902)

Merritt et al. 20082
3085 (1576)

1.13 [0.92-1.38]

1.17 [1.01, 1.36]

1.17 [1.01, 1.36]

Mills et al. 20042
1354 (249)

1.37 [1.02-1.85]

1.37 [1.02-1.85]

1.37 [1.02-1.84]

Moorman et al.
20092
2143 (1086)

1.37 [1.05-1.80]

Not included

1.06 [0.85-1.32]

Ness et al. 20002
2134 (767)

1.50 [1.10-2.00]

1.50 [1.10-2.02]

1.50 [1.10-2.05]

Purdie et al. 19952
1684 (824)

1.27 [1.04-1.54]

1.27 [1.04-1.54]

Not included

Rosenblatt et al.
1992a
123 (77)

1.70 [0.70-3.90]

1.70 [0.72-4.01]

1.00 [0.20-5.00]

Rosenblatt et al.
2011a
2125 (812)

1.13 [0.93-1.36]

1.27 [0.97-1.66]

1.27 [0.97-1.66]

Schildkraut et al.
20162
1329 (584)

1.44[1.11-1.86]

1.44[1.11-1.86]

1.44[1.11-1.87]

Shushan et al.
19962
686 (235)

Not included

2.00 [1.11-3.60]

Not included

Tzonou et al. 19932
389 (189)

1.05 [0.28-3.98]

1.05 [0.28-3.96]

1.05 [0.28-3.94]

Whittemore et al.
19882
727 (188)

1.36 [0.91-2.04]

1.40 [0.98-2.00]

1.45 [0.81-2.60]

Wong et al. 19992
1155 (462)

1.00 [0.80-1.30]

0.92 [0.24-3.57]

1.00 [0.80-1.25]

Wu et al. 20092
1297 (609)

Not included

Not included

1.53 [1.13-2.07]

Wu et al. 20152
4092 (1701)

1.46 [1.27-1.69]

1.32 [1.14-1.52]

1.46 [1.27-1.68]

Gates et al. 2010v
108870 (797)

1.06 [0.89-1.28]

Not included

Not included

Gertig et al. 2000
78630 (307)

Not included

1.09 [0.86-1.38]

1.09 [0.86-1.38]

Gonzalez et al.
2016°
41654 (154)

0.73 [0.44-1.20]

0.73[0.44-1.20]

0.73[0.44-1.21]
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Reference OR [95% CI] OR [95% CI] OR [95% ClI]
Total sample size (Berge et al. (Penninkilampi
(# cases) 2018) and Eslick 201g) | (Taner etal. 2019)
Houghton et al.
2014 1.06 [0.87-1.28] 1.12 [0.92-1.36] 1.12 [0.92-1.36]
61285 (429)
Overall OR 1.22[1.13-1.30] 1.31[1.24-1.39] 1.28 [1.20-1.37]

Abbreviation: Cl, confidence interval.
aCase-control study
b Cohort study

Evaluation of causation

The Hill considerations are a set of factors (i.e., strength, consistency, specificity,
temporality, biological gradient, biological plausibility, coherence, experiment and
analogy) that can form a framework for evaluating evidence in humans to help
determine whether observed associations may be causal (Hill 1965; Cogliano et al.
2004; U.S. EPA 2005; Fedak et al. 2015).

Established several decades ago, the Hill considerations continue to be employed
today, with some modified interpretations; there is general consensus that some factors
hold more weight than others. Strength, consistency and biologic gradient are most
frequently considered. Conversely, experiment, analogy and specificity are often
considered to be less significant, or to hold less weight, in the decision-making
framework (Grimes and Schultz 2002; Carson 2018; Kane 2018; Moorman 2018; Singh
2018; Smith 2018; Wolf 2018; Ballman 2019; Diette 2019; Merlo 2019). Temporality,
namely that exposure precedes the disease, is another factor that is rarely elaborated
upon as it is crucial for the determination of a causal relationship and therefore seldom
warrants further discussion. In addition to these factors, other elements such as bias,
chance, error and confounding are also important. The likelihood of a causal association
is strongest when these elements can be minimized (Hill 1965; Weed and Gorelic 1996;
Cogliano et al. 2004; Franco et al. 2004; U.S. EPA 2005; Fedak et al. 2015).

In relation to perineal talc exposure and ovarian cancer, strength, consistency,
biological gradient and biological plausibility are discussed below.

Strength

Strength of association is typically a consideration of the relative risk (or OR) between
the chemical exposure and the disease. A large risk increases confidence of a causal
relationship; however, risks of lower magnitude do not preclude a positive association
and rather, may represent a low level of exposure or a rare disease (Hill 1965; Cogliano
et al. 2004). The pooled ORs from available meta-analyses ranged from 1.22 to 1.35
(Huncharek et al. 2003; Langseth et al. 2008; Terry et al. 2013; Berge et al. 2018;
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Penninkilampi and Eslick 2018; Taher et al. 2019), which would not be considered
“‘large.” However, the results for the pooled analyses are statistically significant, with
narrow confidence intervals. As noted in Table 7-1, a high proportion of available case-
control studies representing a broad section of the population have reported strikingly
similar ORs. Ovarian cancer is recognized as a rare disease (AICR 2020; CTFPHC
2020; NCI-SEER 2020) and, as such, the large number of studies giving similar results
is noteworthy.

Some authors argue that the small strength of association (OR approximately 1.3) can
be explained by bias and/or confounding (see Bias and confounding section below) and
is therefore not an indication of causation (Diette 2019; Merlo 2019; Moore 2019).
Others, while not disputing that the association is modest, argue that the factor has
been satisfied as an indication of causation (Kane 2018; Moorman 2018; Siemiatycki
2018; Singh 2018; McTiernan 2019). Moorman (2018) and Smith-Bindman (2018)
contend that perineal talc use is common among women in the epidemiological studies
and therefore even a modest increase in risk is of concern to the population. Ballman
(2019) raises the argument that such statements assume that the association is
causative.

Strength and consistency of association are two factors often considered together. The
replication of results seen across multiple studies supports strength (Singh 2018). The
measured ORs (1.22 to 1.31) are modest, but they are also similar and unlikely to be
random. Considering that ovarian cancer is rare, and therefore that a large data set is
required to detect an association, the findings in the available literature are significant.

Consistency

As described by Hill (1965), consistency considers whether the observed association
has been replicated by different people, in different places, under different
circumstances and at different times. The epidemiological studies examined in the
meta-analyses were conducted over different time periods (across more than four
decades), among different ethnicities, and spanned many cities/communities/countries
worldwide (Berge et al. 2018; Penninkilampi and Eslick 2018; Taher et al. 2019). The
pooled ORs calculated in the three most recent meta-analyses, 1.22 (Berge et al. 2018),
1.31 (Penninkilampi and Eslick 2018) and 1.28 (Taher et al. 2019), which suggest a
22% to 31% increase in risk, are consistent with those calculated in older studies, i.e.,
1.33 (Huncharek et al. 2003), 1.35 (Langseth et al. 2008) and 1.24 (Terry et al. 2013).
As highlighted in Table 7-1, a high percentage (91%) of the epidemiology studies
examined had ORs greater than the null (1.0) and overall consistent values despite
being conducted by different authors using varied methodologies. The general direction
and strength of the association is consistent (Singh 2018). Several of the individual
values lack statistical significance; however, given the rarity of ovarian cancer, many of
the available human studies may not be sufficiently powered to detect a low OR; sample
sizes were often not large enough to detect a 20% to 30% increase in risk, even when
pooled (Narod 2016; McTiernan 2019, O’Brien et al. 2020).
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Measures of consistency,!? i.e., quantification of heterogeneity, have been reported in
two of the recent meta-analyses and support the view that that the results across the
epidemiological studies are consistent (Penninkilampi and Eslick 2018; Taher et al.
2019). However, the disproportionate number of case-control studies versus cohort
studies may affect this significance (Ballman 2019).

Greater consistency across the different study types (cohort vs case-control designs)
would increase the likelihood of a causal relationship. The major disadvantage of case-
control studies is that they can be prone to recall bias. Cohort studies minimize
selection and recall biases, but they require long follow-up times and a large number of
participants, in particular for rare outcomes, in order to achieve requisite power. Since
cohort studies require these additional resources, they also tend to target multiple
research questions to gather information on several exposures and outcomes
(Celentano and Szklo 2019). Specific to talc and ovarian cancer, some recent analyses
have given precedence to the results of the cohort studies, arguing that they provide
stronger evidence for an association than case-controls (Ballman 2019; Moore 2019;
Goodman et al. 2020; Johnson & Johnson Consumer, Inc. 2020). Other analyses
support the view that such generalizations cannot be made and that there are many
factors affecting the validity of a study regardless of design (Moorman 2018; Siemiatycki
2018; Smith-Bindman 2018; McTiernan 2019).

The available cohort studies did not demonstrate the same level of statistical
significance as was seen in the case-control studies. Perspectives vary among authors
with respect to statistical significance: some (Diette 2019; Merlo 2019; Moore 2019)
regard it as critical, whereas others (Narod 2016; Siemiatycki 2018; McTiernan 2019)
argue that it is not. A recent paper by Amrhein et al. (2019) argues that “a statistically
non-significant result does not ‘prove’ the null hypothesis.” A confidence interval that
contains the null value often also contains non-null values of importance and should not
be used to conclude that there is no association; values just outside the interval are not
substantially different from those within the interval. Ovarian cancer is expected to have
a long latency period, with estimates of 15 to 40 years (Purdie et al. 2003; Gonzalez et
al. 2016; Tran et al. 2019). It is not known whether the follow-up periods in the cohort
studies were adequate to detect a potential association between perineal talc exposure
and ovarian cancer. As cited above, the cohorts, even when pooled together, may not
be sufficiently powered. Cohort studies are less desirable than case-control studies for

13 |12 represents the percentage of variation across studies that is due to heterogeneity rather than chance;
an 12 of 0% represents no heterogeneity and larger 12 values indicate increasing heterogeneity (Higgins et
al. 2003). Penninkilampi and Eslick (2018) used Cochran’s Q statistic to derive an I? statistic of 10.52%
for any perineal use, where 12 = 25% is considered low heterogeneity and 50% would be considered
moderate. Taher et al. (2019) also conducted a heterogeneity test and reported an |12 = 33% for ever vs
never talc use.
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rare diseases because case-control studies can generate a much larger number of
cases. Referring to Table 7-1, the number of cases (797) in the largest cohort study
(Gates et al. 2010) is considerably lower than the number of cases (2041) in the largest
case-control study (Cramer et al. 2016), whereas the sample sizes are considerably
larger in the cohort study, namely 108 870 compared to 4141 in the case-control study
(Bindman 2018; Penninkilampi and Eslick 2018; Singh 2018; Celentano and Szklo
2019;). Related to adequacy of follow-up time is the age of participants in the cohort
studies. The median age of ovarian cancer diagnosis is 63 (NCI-SEER 2020). In the
O’Brien et al. (2020) analysis, two of the cohorts (NHS Il and SIS) representing nearly
40% of the sample size are made up of younger populations, with many of the
individuals at or below the median age of diagnosis, indicating that cancer incidences
may not yet be detectable. At least some of the cohorts may still be too recent and
limited to illustrate the true outcome of a rare disease.

None of the cohort studies accounted for both sufficient follow-up time and comparable
exposure groups. Diette (2019) and Merlo (2019) note the idea that the cohort studies
could sufficiently account for the latency of ovarian cancer since powder use likely
started long before the beginning of the study. Other limitations of the cohort studies
include the following:

- The questions regarding powder use were only administered once, and in
several cases not until several years following the initiation of the study, which
could bias the findings towards null (Moorman 2018; Singh 2018, McTiernan
2019; O’Brien et al. 2020). Ballman (2019) also recognizes this as a limitation but
considers it to be minimal since the duration of powder use among ever-users
can be extensive (> 20 years).

- The cohort studies all limited their subjects considerably (e.g., post-menopausal,
a sister with breast cancer, registered nurses) and may not represent the general
population. O’Brien et al. (2020) recognizes that collectively, these cohorts are
predominately white, highly educated and not obese, which could limit
generalizability.

- The question related to powder use was often not specific to talc and could have
included other powders, which could bias the findings towards null (Singh 2018;
Tran et al. 2019). Smith-Bindman (2018) and McTiernan (2019) suggest that
differences in exposure measurement and specificity of study design may explain
the apparent discrepancy in results between the case-control and the cohort
studies. For example, cohort studies only measured exposure at study entry and
were designed to look at several exposures and diseases, while most case-
control studies were designed to specifically address perineal talc use and
ovarian cancer risk.

Over 90% of the studies examined (case-control and cohort) calculated a positive
association between talc use and ovarian cancer. Consistent values were recorded,
with overall ORs from the recent meta-analyses ranging from 1.22 to 1.31. It is
recognized that there is some inconsistency between results from case-control studies
versus cohort studies, in particular with respect to the degree of statistical significance.
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However, this could be explained by the limitations of the cohort studies described
above. Overall, there is a high degree of consistency in the epidemiological studies
across several decades conducted in different parts of the world.

Biological gradient

Being able to support a biological gradient or dose-response relationship is another
important factor in establishing causation. Some authors suggest that the available data
show no clear or consistent trend with respect to dose (e.g., frequency, duration of use)
and response (Ballman 2019; Diette 2019; Johnson & Johnson Consumer, Inc. 2020).
However, several studies (Harlow et al. 1992; Terry et al. 2013; Cramer et al. 2016;
Schildkraut et al. 2016; Gabriel et al. 2019) do suggest a trend of increased OR with
increased cumulative exposure. Meta-analyses conducted by Berge et al. (2018) and
Penninkilampi and Eslick (2018) report a weak trend with duration and frequency of
genital talc use and a slight association with respect to length of talc use, respectively.
Taher et al. (2019) isolated seven studies that provided some evidence of increased risk
of ovarian cancer with increasing perineal applications of talc; however, none
demonstrated both a clear dose-response trend and statistical significance. Several of
these studies are cited by the authors as evidence in support of biological gradient, but
the limitations of the available data prevented this factor from contributing heavily to the
decision making framework (Moorman 2018; Siemiatycki 2018; Singh 2018; Smith-
Bindman 2018; Wolf 2018; McTiernan 2019). McTiernan (2019) notes that a typical
dose-response relationship may not be necessary since ovarian talc particle burden
may not be associated with the number of applications; it may be a substance where
there is no safe dose. Similarly, Terry et al. (2013) noted that the association may not
be linear. Many of the studies only assessed a single dose level (ever-users vs never-
users). Furthermore, data with respect to the types of powder used by subjects or the
amounts applied were not presented, and therefore a relationship between the
concentration/dose of talc in the powder and the incidence of ovarian cancer could not
be investigated.

Collectively, there is significant exposure information lacking to permit a fulsome
assessment of biological gradient.

Biological plausibility

According to Hill (1965), biological plausibility is helpful to determine causality but is “a
feature that cannot be demanded.” Particles of talc are able to migrate into the pelvis
and ovarian tissue, possibly causing irritation and inflammation. Although a specific
order of events by which perineal talc exposure could lead to ovarian cancer has not
been established, several recent publications (Campion et al. 2018; Fletcher et al. 2019;
McDonald et al. 2019a; McDonald et al. 2019b; Mandarino et al. 2020) support the
hypothesis that perineal talc exposure leading to ovarian cancer is biologically plausible.
Several authors (Kane 2018; Moorman 2018; Siemiatycki 2018; Singh 2018; Smith
2018; McTiernan 2019) agree that the factor of biological plausibility has been met,
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even in the absence of many of the recent studies which would not have been available
at the time of their analyses. Building from ideas introduced by Hill (1965), these
authors suggest that biological plausibility depends on current state of scientific
knowledge and should not rest on demonstrated proven mechanisms to consider this
factor “satisfied”, but rather whether the hypotheses “make sense” or are scientifically
possible. Siemiatycki (2018) provides several examples from the history of medicine
and epidemiology where associations were demonstrated as causal long before the
mechanisms were validated. Others authors, however, argue that the factor has not
been met or has only weakly been satisfied or that theories are not substantiated
(Ballman 2019; Diette 2019; Moore 2019; Neel 2019). Ballman (2019) suggests that
since the ability to predict plausibility has advanced, the expectations of “sounding
reasonable”, set decades ago, need to be exceeded. These authors reason that there is
lack of support in the scientific literature to demonstrate the relationship between
perineal users vs non-users and the particle load found in tissues.

The recent study by McDonald et al. (2019b), which likely was not available at the time
of the authors’ analyses, does demonstrate increased talc burdens in genital talc users
compared to non-users and indicates that there is a high likelihood of sample
contamination without extreme measures to control it, suggesting that talc burden in
non-users reported in older studies was possibly a result of sample contamination. The
assessment by Goodman et al. (2020) did consider recent publications on the
mechanistic evidence and concluded that there is insufficient support for any proposed
mechanism.

Overall, the available animal and human studies described under Mode of action above
clearly indicate that particles, including talc, may transfer from the vagina to the fallopian
tubes and ovaries following perineal application. Recent research with respect to
specific mechanisms (inflammation and/or tumour precursor events) add increased
support to the biological plausibility.

Bias and confounding - other elements for consideration

In order to increase the confidence of causal inference, bias, chance, error and
confounding need to be ruled out or minimized. There are a range of opinions as to the
extent to which these factors may influence the available epidemiological data. Chance
is unlikely to play a significant role since the distribution of ORs across the
epidemiological studies is not random (McTiernan 2019; Siemiatycki 2018).

There are many unknowns with respect to the causes of ovarian cancer, making it
difficult to account for all confounders. Age, race, low parity, infertility, and a family
history of certain cancers are among the most likely risk factors in the etiology of
epithelial ovarian cancer (Fiume et al. 2015), with age and parity considered key (Taher
et al. 2019). Most of the human epidemiology studies reported effects adjusted for a
variety of these potential confounders. It is possible that one or more confounders exist
and may be at play in the epidemiological studies for perineal talc use that have not yet
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been recognized as such (Diette 2019; Merlo 2019). Overall, although confounding
cannot be definitively excluded, significant efforts have been made to adjust for the
recognized confounders.

The possibility of biases and/or errors are recognized throughout the literature. There
are potential sources of biases/errors and the impact can differ depending on the study
design. In general, case-control studies are more susceptible to biases. Some authors
think that these other factors (i.e., bias, confounding, error) are sufficient in the case-
control studies to account for the apparent positive association (Ballman 2019; Diette
2019; Merlo 2019; Moore 2019; Goodman et al. 2020; Johnson & Johnson Consumer,
Inc. 2020), whereas others, although not disputing the existence of these other factors,
conclude that they are unlikely to account completely for the consistent associations
produced across the studies (Rosenblatt et al. 2011; Schildkraut et al. 2016; Moorman
2018; Siemiatycki 2018; Singh 2018; McTiernan 2019).

Recall bias, unique to case-control studies, is of note with respect to perineal talc use
and ovarian cancer. Recall bias occurs when individuals in a study tend to have a more
vested interest and over-report the retrospective exposure, leading to potential over-
estimation of risk. Conversely, the controls may under-report. Some authors (Cramer
2016; Narod 2016; Berge et al. 2018; Penninkilampi and Eslick 2018; Siemiatycki 2018)
argue that recall bias does not factor strongly in the case of perineal talc exposure and
risk of ovarian cancer. In studies where the exposure is simple (e.g., never- vs ever-
use), recall bias is unlikely to be an important source of bias (Narod 2016). According to
Penninkilampi and Eslick (2018), the potential for recall bias can be decreased when
the exposure of interest (i.e., talc use) is part of a more extensive questionnaire, as is
the case for many of the studies. Cramer et al. (2016) conducted a sensitivity analysis
and determined there was an approximate 18% buffer to account for recall bias before
the results of the study would be nullified; however, it could not be substantiated
whether this is a reasonable buffer.

Recall bias can also be influenced by increased media attention (Muscat and
Huncharek 2008; Penninkilampi and Eslick 2018). One recent case-control study in
particular (Schildkraut et al. 2016) supports this, in which the calculated ORs for
subjects interviewed after 2014, when lawsuits around talc and ovarian cancer were in
the media, were considerably higher compared to those for subjects interviewed prior to
2014. However, looking at Table 7-1, the majority of the case-control studies used in the
meta-analyses were conducted prior to this media attention, and the calculated ORs
from the more recent studies are lower than many of those conducted much earlier.
Two of the recent meta-analyses (Berge et al. 2018; Penninkilampi and Eslick 2018)
used funnel plots as a mechanism to assess publication bias and reported an absence
of concern.

Qvarian cancer — weight of evidence
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There are no adequate animal models available to assess ovarian cancer risk due to
perineal talc exposures. The animal models available do, however, note an
inflammatory response in the reproductive tract of rodents exposed to talc particles. As
well, recent research with respect to specific mechanisms add increased support to the
biological plausibility, consistent with the possible human mode of action data for cancer
development. The human database provides differing results between case-control and
cohort studies. There is, however, support for the idea that despite greater susceptibility
to biases, case-control designs are well suited to study perineal talc exposure and
ovarian cancer. Furthermore, the available cohort studies are not without limitations.
Overall, there is a high degree of consistency in the epidemiological studies across
several decades conducted in different parts of the world. Although there are
uncertainties related to bias, there is confidence in the robustness of the available
database for use in characterizing ovarian cancer risk attributed to talc exposure.
Furthermore, the available data are indicative of a causal relationship.

7.2 Exposure assessment

This exposure assessment focuses on routes of exposure where critical effects have
been identified, namely non-cancer lung effects following inhalation of insoluble
respirable particles of talc, and an association with ovarian cancer following perineal
exposure to talc.

7.2.1 Environmental media, food and drinking water

Talc is a naturally occurring mineral, and there are several deposits in Canada (Kogel et
al. 2006). Currently, there is one operating open-pit mine and concentrator, along with
an operating mill (MAC 2019). However, no talc concentration data in ambient air or
around open-pit talc mines and processing facilities have been reported. Although
particulate matter data for inhalable and respirable particles are available in the vicinity
of these facilities (NPRI 2018), they were not used in the exposure assessment as
particulate matter released from facilities is expected to contain a mixture of substances
and therefore the concentration would not reflect talc exposure from this source. Given
the limited number of industrial and commercial sites producing and processing talc in
Canada, talc exposure from ambient air is not expected to be significant.

Talc is insoluble in water (Table 3-1) and is expected to settle out during water
treatment. Exposure to the general population from drinking water is not expected.

There is potential for oral (i.e., dietary) exposure resulting from the use of talc as a food
additive, but exposure from these uses is expected to be minimal (personal
communication, email from the Food Directorate, Health Canada, to the Existing
Substances Risk Assessment Bureau, Health Canada, dated February 27, 2018;
unreferenced). Dietary exposure from the use of talc as a component in the
manufacture of some food packaging materials is expected to be negligible and dietary
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exposure is not expected from its use as a component in the manufacture of incidental
additives (personal communication, email from the Food Directorate, Health Canada, to
the Existing Substances Risk Assessment Bureau, Health Canada, dated February 27,
2018; unreferenced). Exposure from the oral route was not quantified because no
critical health effects from the oral route of exposure have been identified. The JECFA
has assigned an ADI of “not specified” for talc on the basis of low toxicity, and talc is
considered “generally recognized as safe” for specific uses in food packaging in the
United States (JECFA 2006; U.S. FDA 2019a, b).

7.2.2 Products available to consumers

As of 2020, talc is present as a medicinal or non-medicinal ingredient in approximately
10 000 self-care products in Canada, including approximately 150 non-prescription
drugs, approximately 2100 NHPs, and approximately 7750 cosmetic products. In
addition, there are approximately 1400 prescription drugs containing talc. There is
therefore potential for oral exposure to talc resulting from the use of such products.
However, exposure from the oral route was not quantified as no critical health effects
from the oral route of exposure have been identified.

There is the potential for dermal contact with talc from the use of self-care products.
Systemic exposure resulting from dermal contact with talc is expected to be negligible,
as it is not expected that talc will be absorbed on the basis of its physical-chemical
characteristics as an insoluble solid particle. In addition, a dermal health effect endpoint
has not been identified for talc.

Notifications submitted under the Cosmetic Regulations to Health Canada for talc, the
LNHPD (modified 2018), the Drug Product Database (DPD) (modified 2018), voluntary
information submitted to Environment and Climate Change Canada and Health Canada
(ECCC, HC 2017), publicly available databases and websites (e.g., Household Products
Database 1993- ; CPCat 2014; CPID 2017), and material safety and technical
datasheets were used to identify products where there is: (a) the potential for inhalation
of insoluble respirable talc, and (b) the potential for exposure to the perineal region.
These products and associated exposures are presented below.

No inhalation or perineal exposures for the general population were identified with
respect to the major commercial or industrial uses of talc in paper, plastics, ceramics,
and putties.

Inhalation exposure

Potential inhalation exposures were focused on products that were formulated as loose
powders and were available to consumers, which included approximately 400 self-care
products (primarily cosmetics). Available information of interest were self-care products
marketed as cosmetics, natural health products, or non-prescription drugs that are
intended for application to the body, face, eyes, lips, nails, feet, buttocks (babies), and
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hair. The primary uses are as makeup, moisturizers and cleansers and to a lesser
extent as antiperspirant/deodorants, hair removal products, dry hair shampoo, hair
colour and nail polish. Concentrations of talc range from less than 10% to 100% in
these types of products. Products formulated as pressed powders, which comprise the
majority of cosmetics containing talc (approximately 5300 products), were not identified
as a potential source of inhalation exposure of concern because these formulations
contain coarser particles and binders, such as oils or waxes, which help bind the
particles together and do not lead to the formation of a “dust cloud” available for
inhalation.

Airborne inhalable and respirable-sized talc particles (€ 10 ym and 4 ym, respectively)
have been measured during the use of baby and body powders in several studies
(Aylott et al. 1979; Russell et al. 1979; Anderson et al. 2017; Rasmussen et al. 2019). In
order to confirm the size of talc particles in loose powder self-care products, Health
Canada measured the particle-size distribution of four products (one baby powder, two
adult body powder products, and one loose face powder) containing high concentrations
of talc (> 90%) available in Canada (Rasmussen et al. 2019). Using the Aerodynamic
Particle Sizer (APS; TSI Inc. Model 3321), the particle-size distribution for the four
products was determined to range from <1 to 8 um, with median particle sizes ranging
from 1.7 to 2 ym (Rasmussen et al. 2019). Thus, all of the particles were within the
thoracic size fraction of inhalable particles (<10 ym), and the median particle size was
within the respirable range (<4 ym), i.e., small enough to penetrate deep into the
respiratory tract. Number concentrations measured using a scanning mobility particle
sizer (SMPS; TSI Inc. Model 3788/3082) indicated that the proportion of nano-sized
particles (<100 nm) was small (< 10%) to negligible, depending on the product.

Several studies were conducted in the 1970s to provide data required to assess the
safety of talc powder products and measure air concentrations (Pooley 1972; Aylott et
al. 1979; Russell et al. 1979). These studies demonstrated that during the use of face,
baby, and adult powders, there are quantifiable concentrations of respirable talc
particles available for inhalation exposure. In 1972, Pooley measured respirable talc
concentrations using gravimetric dust samplers in the breathing zone of infants and
adults during diapering activities. Average respirable concentrations were the same for
infants and adults at 8 mg/m3. The median size of respirable particles was
approximately 1.74 um. In a 1979 study, Aylott et al. determined mean respirable air
concentrations of 0.48 to 1.9 mg/m3 of talc (<7 ym) over 5 minutes for loose face
powder, adult dusting powder, baby dusting powder, and micronized adult dusting
powder (Aylott et al. 1979). That same year, concentrations of talc (<10 um) of 0.19 and
2.03 mg/m3, respectively, were determined near the infant breathing zone during a
simulation of routine application of talcum powder during diapering and in the breathing
zone of adults during the application of talcum powder to their body (Russell et al.
1979). In both Aylott et al. (1979) and Russell et al. (1979), the highest air
concentrations were associated with the adult application of talcum powder to their
bodies over infant diapering and application of loose facial powder. There are
uncertainties with the calculated talc concentrations determined from these studies due
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to limitations in the collection and analysis of talc concentrations resulting from the use
of older personal air sampling and cyclone collecting equipment and methods used to
quantify the concentration of talc in air (i.e., extrapolating from Mg measured using
atomic absorption spectrometry (AAS), weight measurement on an early prototype
quartz crystal mass monitor, conversion of gravimetric data to number concentrations).

In 2017, a study assessing the health risk from the use of cosmetic talc from historical
products was published (Anderson et al. 2017). It examined talc products believed to
have been manufactured and sold during the 1960s and 1970s to characterize airborne
respirable dust concentrations during the use of these products. To quantify respirable
talc concentrations in the breathing zone, five volunteers were asked to apply talc
products as they typically would in a bathroom setting. Cyclone air sampling devices
capturing PM4 were attached to the breathing zone of each volunteer. Each exposure
simulation consisted of eight application events, at 6-minute intervals, for a total
sampling duration of 48 minutes. This study design ensured that the sample mass on
the sampling filter was large enough for quantification and accuracy, but it was not
expected that individuals apply talc every 6 minutes over a 48-minute window during the
typical use of a talc body powder. Average talc concentrations over the 48-minute
exposure simulation were calculated using the total measured mass (from eight
applications over 48 minutes) and the air volume over the entire 48-minute sampling
period. Respirable talc concentrations ranged from 0.26 to 5.03 mg/m3, and the average
was 1.46 mg/m3. The average air concentration by subject ranged from 0.44 to 3.28
mg/m3. Respirable talc concentrations were more variable among all subjects and
between subjects than per individual subjects, suggesting that individual behaviour and
use patterns have a strong influence on airborne concentrations.

In 2018, Health Canada conducted a small study to measure air concentrations of
particles in the breathing zone of adult volunteer subjects while they were applying talc-
containing self-care products (Rasmussen et al. 2019). Continuous, direct-reading,
personal breathing-zone monitors (positioned beside the nose) measured average
concentrations of particulate matter of aerodynamic diameter of 4 um or less (PM4) on
the subject of 0.48 + 0.18 and 1.80 = 0.82 mg/m? for volunteers applying body powder
(subject A) and loose face powder (subject B), respectively. Subjects repeated the
application in triplicate. These average concentrations fall within the range of
concentrations measured by Anderson et al. (2017). The application of loose face
powder resulted in the highest average air concentration in the immediate vicinity of the
nose. A third subject in the study applied talc to a wetsuit prior to donning (subject C);
however, this activity was considered to be different than the use of talc as a self-care
product. Mean airborne concentrations on subject C of 0.61 + 0.09 mg/m?3 were similar
to those on subject A and B. However, the duration of the combined primary and
secondary particle cloud was much longer at 700 + 265 sec (subject C) versus 57 + 8
sec (subject A) and 65 £ 7 sec (subject B). In this study, the cloud characteristics,
concentration and duration varied. The variation may have resulted from the different
purposes and methods of applying the talc product and from behavioural and physical
differences among the subjects (Rasmussen et al. 2019).
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Several exposure scenarios were identified where there was potential for inhalation
exposure to talc particles from the use of self-care products, namely the use of baby,
body, face, and foot powders (loose formulations) and dry hair shampoo. Although there
may be differences in air concentrations of talc associated with the use of different types
of self-care products (e.g., baby powder, foot powder), there is insufficient data
available to generate reliable air concentrations for each use which would capture
variability within and between subjects. Therefore, average air concentrations by subject
from Anderson et al. (2017) were combined with the body and face powder replicates
from Rasmussen et al. (2019) to obtain an overall average air concentration of 1.36 +
0.97 mg/m?3 available for inhalation exposure during the use of self-care products
(Appendix A, Table A-1). Anderson et al. (2017) and Rasmussen et al. (2019) were
considered to provide the best and most relevant available data as they not only utilized
current collection instruments for air sampling and modern methods for quantifying talc
but also presented data by subject, which was important as the variability among and
between subjects is higher than within individual subjects and the combined sample
size is relatively low to capture variability across the population (n = 7). The average air
concentration value of 1.36 mg/m? was used to estimate adjusted air concentrations for
self-care products based on the highest concentration of talc present in these products.
The results are summarized in Table 7-2. The inputs for each of these scenarios are
outlined in Appendix A (Table A-2). Exposure to talc during application of loose powders
on the eyes, lips and nails is expected to be lower than the estimates presented in
Table 7-2 due to the smaller quantity of product applied and smaller area of application.
Exposure to talc during the use of loose powder hair colour is expected to be similar to
or lower than use of talc as a dry hair shampoo.

Table 7-2. Inhalation exposure estimates to talc from self-care products available
to consumers

Average Higher tier adjusted
Product tvoe Ade arou concentration in exposure
yp ge group air per event concentration
(mg/m?)? (mg/m?®)°
Baby powder Infant and
100% talc adult 1.36 0.0071
Body powder
100% talc Adult 1.36 0.0047
Face powder
100% talc Adult 1.36 0.0047
Foot powder
97% talc Adult 1.32 0.0034
Dry hair shampoo
100% talc Adult 1.36 0.0011

a Average measured air concentrations (Anderson et al. 2017, Rasmussen et al. 2019) x the highest
concentration of talc in product type.
bRefer to Appendix A, Table A-2 for details.
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Perineal exposure

Several types of self-care products containing up to 100% talc are used in the perineal
region of the body to reduce moisture and odour. Adult body powders used in the
perineal region for feminine hygiene practices are still available on the Canadian
market, although there has been a decline in this use over time (Houghton et al. 2014;
Narod 2016). Baby powder products containing up to 100% talc are used in the perineal
region of infants during diapering. In addition, there are a small number of diaper or rash
cream self-care products (fewer than 10) for use in the perineal region which contain
low concentrations of talc as a non-medicinal ingredient. Talc is permitted as a
medicinal ingredient in diaper rash products at concentrations from 45% to 100%
(Health Canada 2018). However, there are no diaper rash products listed in the LNHPD
(modified 2018) containing talc as a medicinal ingredient.

Additional self-care products that have the potential for perineal exposure include
antiperspirants and deodorants (e.g., genital antiperspirants), body wipes, bath bombs
and bubble bath, and to a lesser extent (due to wash off or removal) other bath and
shower products (i.e., soap, wash/gel, scrub) and products associated with hair removal
(e.g., epilatory products). These products are formulated as gels, sprays, loose
powders, and solid cakes and range in concentration from less than 1% to 100% talc.

As indicated in Section 4, there is no evidence to suggest that talc is currently being
used as a dry lubricant on condoms or medical examination gloves in Canada. At
present, these are not considered to be sources of perineal exposure.

While there are known sources of perineal exposure to talc, the available literature does
not permit a quantitative assessment of perineal exposure from the use of self-care
products.

7.3 Characterization of risk to human health

Consistent with other international regulatory and advisory bodies (Danish EPA, U.S.
EPA, MAK-Commission, U.S. FDA, and JECFA), no critical health effects were
identified for talc via the oral or dermal routes of exposure. As such, oral exposures to
talc resulting from food intake and oral and dermal exposure from the use of self-care
products are not of concern.

Considering available lines of evidence, critical health effects have been identified
following inhalation exposure to respirable talc particles. The available health effects
data are adequate and study outcomes are consistent in providing a high degree of
confidence in the assessment of health outcomes following inhalation exposure to talc
particles. From the available toxicological studies, a NOAEC of 2 mg/m? from the NTP
inhalation studies in mice and rats was identified in which non-cancer lung effects, with
lung overload, were noted at the next highest concentration of 6 mg/m3.
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Using a lower-tier assessment approach, a small margin of exposure (MOE) of 1.5 was
obtained through the comparison of the NOAEC of 2 mg/m? to the average talc air
concentration of 1.36 mg/m? following the use of a loose powder self-care product.
Additional refinements were applied taking into consideration the differences in
exposure duration between the exposure scenario and the animal study to incorporate
into a higher-tier assessment. The NOAEC is derived from an animal study with an
exposure duration of 6 hours per day, 5 days per week, over 4 weeks, while the actual
exposure scenarios from the use of self-care products are intermittent, occurring in
minutes per day, daily, or weekly over many years.

To address this difference, both the NOAEC (2 mg/m?) and the talc air concentration
(1.36 mg/m?) were adjusted to a continuous exposure scenario according to U.S. EPA
guidance on inhalation risk assessment to more accurately characterize potential risk
(U.S. EPA 1994, 2009). The NOAEC of 2 mg/m? is equivalent to an adjusted
concentration of 0.36 mg/m?, as noted in the Health effects section. The NOAEC of 2
mg/m? was extracted from a 4-week inhalation study as a NOAEC for chronic exposure
was not available. The measured talc air concentration (1.36 mg/m?3) from the use of
self-care products was also adjusted to a continuous exposure scenario (higher-tier
assessment) as presented in Table 7-3 (for further details see Appendix A, Table A-2).
Episodic exposures from product use are expected to increase lung load due to the long
alveolar clearance of talc.

Table 7-3. Relevant exposure and hazard values for talc, and margins of
exposure, for determination of risk

Exposure Adjusted air Adjusted Critical health
SCE:-nario concentration, | critical-effect effect endooint MOE
CA (mg/m33? | level (mg/m?) P
Baby -
pouer | ogor | NORECRAL | rergiearing |
100% talc :
Body -
powder 0.0047 NOAOESCEEadJ]- non-c;a;fr;%et:; lung 76
100% talc :
Face -
powder 0.0047 NOAOE%adJ]' non-cancer lung 76
100% talc .
Foot N
powder 0.0034 NOAOE%adJ]- non'Ce?fne%?; lung 106
97% talc .
Dry hair - ]
shampoo 0.0011 NOAEC]adj]: non-cancer lung 307
0.36 effects
100% talc

Abbreviations: adj, adjusted; CA, concentration in air per event; MOE, margin of exposure.
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aMeasured air concentrations from Anderson et al. (2017) and Rasmussen et al. (2019) (see Table A-1
for details) based on the highest concentration in products. See Table A-2 for details on adjusted air
concentrations. For most of these product types, there is a wide range of talc concentrations (< 10% to
100%).

The margins of exposure (MOES) between the adjusted critical effect level and the
adjusted air concentrations range from 50 to 327 for self-care products. The MOEs for
baby powder, body powder and loose face powder are considered potentially
inadequate to account for uncertainties in the health effects (including the use of a
short-term study due to a lack of a NOAEC from chronic studies) and exposure
databases. The MOEs for dry hair shampoo and foot powder are considered adequate
to address uncertainties in the health effects and exposure databases.

Based on the available data, ovarian cancer was identified as a critical health effect for
the perineal route of exposure to talc. While animal models are generally inadequate to
assess ovarian cancer risk, the available animal studies (noting inflammatory response
to talc and the ability of talc particles to migrate up the reproductive tract) support
biological plausibility and results were consistent with a possible human mode of action
for cancer development. The database is large, and while cohort and case-control
studies generally gave different results, the overall database provides adequate
information to assess the risk of ovarian cancer due to talc exposure. There is the
potential for perineal exposure to talc from the use of various self-care products (e.g.,
body powder, baby powder, diaper and rash creams, genital antiperspirants and
deodorants, body wipes, bath bombs, bubble bath). Characterization of ovarian cancer
risk is qualitative in nature as a clear dose response for ovarian cancer could not be
derived from the available literature. Data from meta-analyses of epidemiological
studies indicate a consistent and statistically significant positive association between
perineal exposure to talc and ovarian cancer (Huncharek et al. 2003; Langseth et al.
2008; Terry et al. 2013; Berge et al. 2018; Penninkilampiand Eslick 2018; Taher et al.
2019). Although some authors note concerns with regard to bias in the literature,
considering the available lines of evidence, the current data are indicative of a causal
effect. Given that there is the potential for perineal exposure to talc from the use of
various self-care products, a potential concern for human health has been identified.

7.4 Uncertainties in evaluation of risk to human health

The inhalation of talc has been associated with a variety of non-cancer lung effects,
commonly termed talcosis. Dose-response data for lung effects in humans are, for the
most part, lacking, and the use of animal data to quantify risk due to talc inhalation is
considered appropriate. Despite the lack of exposure quantification, there are numerous
case reports, as well as worker studies, that have identified non-cancer health effects
from inhalation of talc powders. As there are no adequate long-term inhalation toxicity
studies in animals, there is some uncertainty regarding the extrapolation of the NOAEC
identified in animal models exposed for 6 hours per day for a short duration (4 weeks) to
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long-term episodic human exposures. The true NOAEC for chronic exposure in test
animals is likely substantially lower than 2 mg/m?3.

There is some uncertainty in using combined air concentrations from adults applying
body powders and adults applying face powder as surrogate data for infants during
diapering, adults during diapering, and adults applying foot powder and dry hair
shampoo. Aylott et al. (1979) found air concentrations in the breathing zone of infants
during diapering to be approximately 10-fold lower than adults during diapering
activities. However, in studies conducted by NIOSH (Dement et al. 1972) and Pooley
(1972), air concentrations in the breathing zone of infants were similar to, or in some
cases higher than, adults who were diapering infants. The best and most relevant
available data were used to derive air concentrations of talc during the use of self-care
products.

Some self-care products, and in particular some face powders, may contain a cover or
another mechanism that could reduce either the potential for the generation of a particle
or dust cloud or the concentration of the dust cloud during use of the product. There is
uncertainty as to which products on the market, if any, incorporate these exposure-
mitigation measures and the proportion of such products.

There is also some uncertainty regarding the use of talc diaper rash products on broken
or abraded skin, where talc penetration may occur, in contrast to use on healthy skin.
The CIR Expert Panel (2013) concluded that “talc should not be used on skin where the
epidermal barrier is removed or on skin that has greater than first degree burns.”
However, typical diaper rashes are unlikely to reach the severity described.

Ovarian cancer, in general, is not well understood, and a comparable animal model is
not available. The available human studies on possible migration of talc to the ovaries
and presence of talc particles in the ovaries are indicative but not definitive. Limitations
of these studies include the fact that particles are administered in solution, that particles
are inserted into reproductive tract channel, and that the studies are conducted on
patients undergoing elective surgery (perhaps under anesthesia, in the supine position
and/or not of healthy status). The studies available also did not assess long-term
exposure, with most only examining one or a few administrations. In general, there was
a lack of studies that investigated long-term perineal talc exposure in a healthy
individual.

There are also limitations with the human epidemiological data. There are a range of
opinions in the literature as to whether ovarian cancer should be analyzed as a whole or
divided into specific subtypes. Information is also lacking with respect to the exposure in
the epidemiological studies. The questions asked of participants in the epidemiological
studies were not always specific to talc-containing powders, and even when the
guestions were more detailed, participants may make assumptions or not specifically
recall whether they used talc-based formulations. If “users” were actually users of talc-
free powders, this could falsely bias results towards the null (Singh 2018; Tran et al.
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2019). There is uncertainty as to whether, or how much, bias and confounding may
have factored into the cohort and case-control studies. There is also uncertainty around
possible selection bias in the epidemiological studies. Both case-control and cohort
designs are susceptible to selection bias, which can bias the results in either direction. It
is possible that the selection of participants is not representative of the entire target
population and/or that the cases versus controls (or exposed versus unexposed) within
a study differ from one another. The response rates and exclusion criteria can also
contribute to selection bias as it is not known how results would be affected if all
potential subjects had actually participated (Singh 2018; Ballman 2019; Merlo 2019;
Goodman et al. 2020). While there may not be consensus within the scientific
community regarding the interpretation of the epidemiological information, after
weighing the available lines of evidence, the assessment determined that the current
data are indicative of a causal effect.

It is also possible that the identified cancer incidences are specific to loose powder
formulations. However, there is limited information on cancer incidences and other
formulation types (e.g., creams). Health Canada has identified self-care products with
the potential for perineal exposure (e.g., baby powder, body powders, diaper and rash
creams, genital antiperspirants and deodorants, body wipes, bath bombs, bubble bath),
but there is no indication exactly how the products are being used, the extent to which
they would contribute to perineal exposure, or with what frequency and amount.

Talc use during diapering has not been adequately addressed in the literature. It has not
been determined whether the internal female genital tract is exposed to talc dusts
during infancy (Muscat and Huncharek 2008) or how long the insoluble particles may
remain in human reproductive tract tissues. This may impact the calculation of risk from
case-controlled studies if cases of women who self-identify as “never-users” were in fact
exposed as infants through diapering.

Similarly, whether inhalation of talc particles could result in ovarian exposure due to
lymphatic transfer of particles or whether responses may be immune-mediated has not
been adequately investigated for use in mode of action analysis.

8. Conclusion

Considering all available lines of evidence presented in this screening assessment,
there is low risk of harm to the environment from talc. It is concluded that talc does not
meet the criteria under paragraphs 64(a) or (b) of CEPA as it is not entering the
environment in a quantity or concentration or under conditions that have or may have an
immediate or long-term harmful effect on the environment or its biological diversity or
that constitute or may constitute a danger to the environment on which life depends.

Considering all the information presented in this screening assessment, it is concluded
that talc meets the criteria under paragraph 64(c) of CEPA as it is entering or may enter
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the environment in a quantity or concentration or under conditions that constitute or may
constitute a danger in Canada to human life or health.

It is therefore concluded that talc meets one of the criteria set out in section 64 of
CEPA. It has also been determined that talc meets the persistence criteria but not the
bioaccumulation criteria as set out in the Persistence and Bioaccumulation Regulations
of CEPA.
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Appendix A. Inhalation exposure estimates

Table A-1. Respirable air concentrations (mg/m?3) as measured in Anderson et al.
(2017) and Rasmussen et al. (2019)

Average
respirable Average concentration
Product Subject | concentration (mg/m3) by subject Study
(mg/m3) (% SD (% RSD)
RSD)

Body powder 1 1.31 1.37 £ 0.87 (63.26) Anderson et al. 2017
Body powder 1 0.69 - Anderson et al. 2017
Body powder 1 2.61 - Anderson et al. 2017
Body powder 1 0.87 - Anderson et al. 2017
Body powder 2 5.03 3.28 £ 1.17 (35.77) Anderson et al. 2017
Body powder 2 2.7 - Anderson et al. 2017
Body powder 2 2.76 - Anderson et al. 2017
Body powder 2 2.61 - Anderson et al. 2017
Body powder 3 0.35 0.44 + 0.18 (39.68) Anderson et al. 2017
Body powder 3 0.26 - Anderson et al. 2017
Body powder 3 0.66 - Anderson et al. 2017
Body powder 3 0.5 - Anderson et al. 2017
Body powder 4 1.16 0.99 + 0.32 (32.20) Anderson et al. 2017
Body powder 4 1.18 - Anderson et al. 2017
Body powder 4 NR - Anderson et al. 2017
Body powder 4 0.62 - Anderson et al. 2017
Body powder 5 0.75 1.15+£ 0.70 (60.62) Anderson et al. 2017
Body powder 5 0.68 - Anderson et al. 2017
Body powder 5 2.18 - Anderson et al. 2017
Body powder 5 1.00 - Anderson et al. 2017
Body powder A 0.48 0.48 £ 0.18 Rasmussen et al. 2019
Face powder B 1.80 1.80 £ 0.82 Rasmussen et al. 2019
Overall average - 1.44 (81.68) 1.36 £ 0.97 (71.51) Combined
Range - 0.26 —5.03 0.44 — 3.28 Combined

Abbreviations: NR = not reported; mass on filter reported as a negative mass

Table A-2. Estimated inhalation exposure concentrations from self-care products
containing loose powder talc available to consumers

Talc Study® Tier 1 . d R Higher tier EC

Scenario product | conc. CAP (EJd) ((IjE/Fr) I(EI?) adjusted’

conc.? | (mg/m3 | (mg/m?) Y Y (mg/m?)
Baby powder, | 15400 | 136 1.36 0125 | 365 | 4 0.0071
infants
Baby powder, 100% 1.36 1.36 0.125 365 8 0.0071
adults
Body powder, 100% 1.36 1.36 0.083 365 68 0.0047
adults
Face powder, 100% 1.36 1.36 0.083 365 68 0.0047
adults
Foot powder, 97 % 1.36 1.32 0.083 274 68 0.0034
adults
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Dry hair
shampoo, 100 % 1.36 1.36 0.083 84 68 0.0011
adults
Abbreviations: Conc., concentration; CA, concentration in air per event; ET, exposure time; EF, exposure
frequency; ED, exposure duration; EC, adjusted exposure concentration.

a Highest concentration of talc found per product type from notifications submitted under the Cosmetic
Regulations to Health Canada for talc, DPD [modified 2018], email from the Therapeutic Products
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, Health Canada, dated
March 20, 2017, unreferenced; LNHPD [modified 2018], email from the Non-prescription and Natural
Health Products Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, Health
Canada, dated March 20, 2017, unreferenced; Fiume et al. 2015; Household Product Database 1993-;
CPCat 2014; CPID 2017; SDS Search Tool 2016.

b Average by subject from Anderson et al. (2017) and Rasmussen et al. (2019). CA = average study
concentration x maximum talc concentration in product.

¢ ET is based on the best and most relevant available data. An exposure time of 5 minutes/application is
an estimate based on a number of factors including the duration of the particle cloud measured in
Rasmussen et al. (2019) (approximately 1 minute), the average sampling duration of 6 minutes from
Anderson et al. (2017), the formation of secondary particle clouds as observed in Rasmussen et al.
(2019), Pooley (1972), and by NIOSH in an earlier study on talc cosmetic products (Dement et al. 1972).
Therefore, there is a need to account for time spent in the vicinity of where the individual is conducting the
activity. The median time spent in the bathroom following a shower or bath as reported in U.S. EPA
(2011) in Tables 16-29, 16-32, 16-34 and 16-35 ranges from 1 to 10 minutes, with a median time of 5
minutes for the majority of subgroups. The RIVM cosmetic factsheet uses a default of 5 minutes as the
typical time spent in a bathroom (U.S. EPA 2011, RIVM 2006). ET = exposure time/application x number
of applications/day if there is more than one application per day, whereby baby powder assumes 1.5
applications/day (CTFA 1983, Health Canada 2020); the rest assume 1 application/day or less.

d EF is based on the best and most relevant available data reviewed by Health Canada. Frequency
values were assumed to occur daily (1.5 applications/day) for baby powder (CTFA 1983, U.S. EPA 2011,
Health Canada 2020). Higher values were available in the literature, but were considered too high as this
use is no longer recommended by the American Academy of Pediatrics (2015). One application per day
was considered for body powder (Zazenski et al. 1995; U.S. EPA 2011 [Table 17-3, baby powder, adult
use]; Burns et al. 2019; Health Canada 2020). One application per day was considered for face powder
(Ficheux et al. 2015 [Zazenski et al. 1995, median frequency for loose powder foundation], Health
Canada 2020 [facial make-up foundation — powder]) as this was the highest central tendency value
(median) from the highest quality study (Ficheux et al. 2015). Foot powder was estimated to be used 0.75
times/day or 274 times/year (Ficheux et al. 2015, Health Canada 2020) as this was the highest central
tendency value from the highest quality study available. Dry hair shampoo was estimated to be used 0.23
times/day or 84 times/year (Ficheux et al. 2015, Health Canada 2020) as this was the highest central
tendency value from the highest quality study available.

¢ Assumed infant wears diapers up to 4 years, adult exposure to baby powder from diapering children, 4
years per child and assume two children per family (Statistics Canada 2016), adult exposure for body
powder, and foot powder (80 years lifetime, 12 years child).

f Adjusted exposure concentration is calculated in accordance with Equation 8 in the U.S. EPA 2009
guidance document “Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation
Manual,” where EC = (CA x ET x EF x ED)/AT, and AT = averaging time, which is on the basis of ED x
365 days/year x 24 hours/day.
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