Occurrence of Per- and Polyfluoroalkyl substances in Cosmetics
and Personal Care Products

by
Keegan J. Harris

A thesis submitted to the Faculty of Graduate Studies and Postdoctoral
Affairs in partial fulfillment of the requirements for the degree of
Master of Science
in
Chemistry

Carleton University
Ottawa, Ontario

© 2022
Keegan J. Harris

Abstract
Per- and poly-fluoroalkyl substances (PFAS) are highly fluorinated aliphatic substances
that contain a perfluoralkyl moiety (CnF2n+1). This moiety imparts a unique suite of
characteristics onto the PFAS such as hydrophobicity, lipophobicity, chemical and thermal
stability. These characteristics make PFAS extremely useful in a wide range of industrial and
commercial applications such as textiles and leather, paper and food packaging, fire-fighting
foam, and cosmetics. Concern has been raised about PFAS because of their environmental
persistence, global occurrence, and presence in human blood. Laboratory animal toxicology
studies have found an association between PFAS and tumor development, developmental and
hormonal effects, and immunotoxicity. Thus, there have been several studies that have quantified
PFAS in a variety of consumer products, though a relative few have examined cosmetic and
personal care products.
The goal of this project was to expand and provide further evidence of the potential
exposure to PFAS through cosmetic and personal care products. Twenty-seven samples were
collected that contained a fluorinated ingredient in the label, and were analyzed for PFAS.
Samples were extracted and then quantified using an ultrahigh-performance liquid
chromatography with a tandem mass spectrometer. Samples that contained fluorinated
phosphates were determined to have high concentrations of perfluorocarboxylic acids (PFCAs)
and polyfluoroalkyl phosphate esters (PAPs), between 3.7 and 77.7 µg/g and 2020 and 23238
µg/g respectively. Several other cosmetics and personal care products had total PFAS
concentrations in the range of 1.0 to 6.0 µg/g. These results demonstrate that cosmetics and
personal care products contain significant concentrations of PFAS, and need to be recognized as
a potential source of PFAS exposure. Further studies are necessary to determine specific routes
of exposure and the dermal permeability of PFAS.
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Chapter 1: Introduction
Per and polyfluoroalkyl substances (PFAS) represent a subset of organofluorinated
anthropogenic substances. The defining characteristic of PFAS is the presence of a
perfluoroalkyl moiety (CnF2n+1) which is a carbon-fluorine chain of ≥1. 1 It is this perfluoroalkyl
moiety that creates a unique suite of characteristics: hydrophobicity, lipophobicity, and thermal
and chemical stability.2 As a result of these characteristics, PFAS have a wide variety of uses.
They are found in numerous industries such as aerospace, biotechnology, building and
construction, electronics, mining, oil and gas, nuclear, semiconductor, and textile production.3
PFAS are also used in consumer items such as apparel, cleaning products, cook- and bakeware,
electronic devices, floor covering (i.e., carpets), lubricants and grease, paper and packaging (i.e.,
food contact material), personal care products and cosmetics, sporting gear (i.e., ski wax),
textiles and upholstery.3 They can also be found in specialized products such as fire-fighting
foams, medical devices, particle physics, tracing and tracking, and optical devices.3 This
widespread use, combined with their unique characteristics, has resulted in the consistent
detection of PFAS in all types of environmental samples: soil, atmosphere, aqueous, and
biological.4,5,6,7
In the late 1970s and early 80s a few studies were published that detected organic
fluorine in human serum.8,9,10 Though these studies were mainly based in the United States, there
was one that sampled individuals from rural China, far from industrial sources of PFAS. Organic
fluorine was detected in the individuals, though at comparatively lower concentrations than those
observed in the United States.11 Interestingly, the author of the study concluded that the source of
organic fluorine in humans was environmental, not industrial. The presence of organic fluorine
led researchers to analyze the blood of workers exposed to fluorochemicals, which they found
was 2-3x orders of magnitude higher than the general population.12 In 2001 the first studies
appeared that identified and quantified specific PFAS in the serum of the general human
populace and wildlife from around the globe.13,14 Respectively, these two studies demonstrated
that the organic fluorine measured in different populations was PFAS, and that it had a global
presence. Similarly, a study from 2005 demonstrated that the concentration of several PFAS in
human blood had increased from 1974 to 1989, and then reached a plateau.15 Though these
results were disconcerting, it was the association of PFAS with a variety of health risks that led
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the industry to phase out production of two primary PFAS: perfluorooctane sulfonic acid (PFOS)
and perfluorooctanoic acid (PFOA).16,17,18
There have been relatively few studies that have analyzed cosmetics and personal care
products for PFAS. This is a concern as cosmetics and personal care products represent a
potentially significant source of PFAS exposure through dermal application, inhalation, or
ingestion. In the last 10 years there have been two studies from Japan, Europe (Sweden and
Denmark) and one from the United States.19-23 One Japanese study measured only perfluoroalkyl
carboxylic acids in cosmetics and sunscreens that contained fluorinated phosphate esters in the
ingredient list.19 The second Japanese study was similar in product selection, however, it
expanded the measured PFAS from just perfluoroalkyl carboxylic acids to also include
polyfluoroalkyl phosphoric acid diesters (PAPs).20 The European studies sampled a larger variety
of cosmetics and personal care products that contained a fluorinated compound in the ingredient
list, though the studies were somewhat limited either in the analysis of PFAS or the variety of
fluorinated ingredients.21, 22 The United States study was different in that it purposefully selected
cosmetics that did not contain a fluorinated ingredient. They analyzed 231 cosmetics for total
fluorine using particle induced gamma-ray emission (PIGE) spectroscopy.23 The goal of this
thesis was to select a variety of cosmetics and personal care products that contained a fluorinated
ingredient, and measure the PFAS using ultrahigh-performance liquid chromatography (UHPLC)
with tandem mass spectrometry (MS/MS). This thesis expands on the current understanding of
the occurrence of PFAS in cosmetics and personal care available to Canadians, demonstrating
their potential as a significant source of exposure.

1.1 What are PFAS?
PFAS consist of two major categories of compounds: per- and polyfluoroalkyl
substances.1 Perfluoroalkyl substances have all of their hydrogens replaced with fluorine,
resulting in the perfluoroalkyl moiety being directly attached to a functional group (Figure 1).
Polylfluoroalkyl substances have most (but not all) hydrogens replaced with fluorine, and the
perfluoroalkyl moiety is not directly attached to a functional group (Figure 1).

9

Figure 1: Chemical structure examples of perfluoroalkyl (left) and polyfluoroalkyl (right)
substances. The perfluoroalkyl moiety is in brackets.
The PFAS hierarchy also contains two primary categories (including both per and
polyfluorinated substances): fluorinated polymers and non-polymers (Figure 2).1,24 The
fluoropolymers consist of three general groups: perfluoropolymers, perfluoropolyethers, and side
chain-fluorinated polymers.1 The non-polymer group is divided into two groups: the
perfluoroalkyl acids (PFAAs) and PFAA precursors.24

Figure 2: The PFAS chemical hierarchy, with representative classes for their respective groups.
Adapted from [1] and [24].
1.1.1

Fluorinated polymers

Fluorinated polymers are molecules that contain one or more PFAS as monomers.1 The
three groups of fluorinated polymers are: perfluoropolymers, perfluoropolyethers, and side chain
fluorinated polymers. Common examples of perfluoropolymers include: polytetrafluoroethylene
10

(PTFE), polyvinylidene fluoride (PVDF), polyvinyl fluoride (PVF), copolymers of
tetrafluoroethylene (TFE), perfluoroalkoxy propylene (PFA) and hexafluoropropylene (HFP).1,24
Perfluoropolyethers (PFPEs) are polymers with a chain of –CF2–, –CF2CF2–, or –CF(CF3)CF2–
separated by an oxygen atom. An example of perfluoropolyether, and a chemical ingredient in
cosmetics, is polyperfluoromethylisopropyl ether. The side chain fluorinated polymers are
different from the previous two groups in that the polymer chain is not fluorinated, but instead
has either poly or perfluoroalkyl side chains. Some polymer examples are: fluorinated acrylate,
fluorinated urethane, and fluorinated oxetane.1
1.1.2

Fluorinated non-polymers

The fluorinated non-polymers consist of two groups: PFAAs and PFAA precursors
(Figure 2). There are several classes of PFAAs: perfluorocarbons (PFCs), perfluoroalkyl
carboxylic acids (PFCAs), perfluoroalkane sulfonic acids (PFSAs), perfluoroalkyl phosphonic
and phosphinic acids (PFPAs and PFPiAs) and perfluoroalkane (or alkyl) sulfinic acids
(PFSiAs).1 The PFAA precursors are compounds in which not all the carbons, but at least one,
have had their hydrogen replaced by fluorine. There are two classes: the fluorotelomer based
substances and perfluoroalkane sulfonamido derivatives (PASFs). The fluorotelomer based
substances consist of: fluorotelomer olefins (FTOs), fluorotelomer iodides (FTIs), fluorotelomer
alcohols (FTOHs), fluorotelomer acrylates (FTAcs), fluorotelomer sulfonic acids (FTSAs), and
polyfluoroalkyl phosphoric acid (mono and di) esters (monoPAPs and diPAPs).1

Figure 3: A few examples of PFAA precursors mentioned within this thesis. There is an X:Y
designation when naming fluorotelomer based substances, where the X represents the number of
fluorinated carbons and the Y the number of non-fluorinated carbons.
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1.1.3

Properties of PFAS

The wide use of PFAS in consumer products and industry is due to their unique suite of
properties; they are chemically and thermally stable, and hydrophobic and lipophobic.25 These
properties are all due to the fluorine atom, which has the highest electronegativity of all the
elements. Electronegativity is influenced by such factors as the nuclear charge and the electron
configuration; therefore fluorine is highly electronegative because of the large nuclear charge
and lack of shielding from inner shell electrons.26 The large nuclear charge is due to the nine
protons, while the lack of shielding can determined by the electron configuration of fluorine (1s2,
2s2, 2p5).27 The result is that fluorine readily accepts an electron because there is a lack of inner
shell electrons to shield it from the highly electropositive nucleus.26,27 Therefore in a carbonfluorine bond, the fluorine atom will attract the electron density from the carbon atom, resulting
in a partial positive and negative charge for carbon (C +) and fluorine (F -), respectively. This
creates a highly polarized carbon-fluorine bond, which is different than the electron-sharing of a
covalent bond. The strong electrostatic attraction between F - and C + results in the strongest
bond found in organic chemistry (Table 1).27 This high bond dissociation energy explains the
chemical and thermal stability observed in PFAS.
Table 1: Bond dissociation energy of common carbon covalent bonds [27]
Bond
C-F
C-H
C-O
C-C
C-Cl
C-N

Bond dissociation energy
(kJ/mol)
441
413
351
348
328
292

The hydrophobicity and lipophobicity of PFAS can be explained using molecular orbital
theory. As previously stated, the nucleus of the fluorine atom has a highly electropositive nucleus
and lacks any shielding from inner shell electrons.26 These two factors stabilize the valence
orbital energy levels, resulting in a 2p energy orbital level of -18.6 eV, which is 5eV lower than a
proton 1s-orbital.26 Comparing the HOMO and LUMO (highest occupied and lowest unoccupied
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molecular orbital, respectively) of a hydrogen and a fluorinated compound, it is clear that the
fluorinated compound is lower in energy (Figure 4).

Figure 4: Molecular orbital diagram of nonfluorinated and fluorinated compounds. Adapted from
[26].
The low HOMO means that the valence electrons barely fluctuate in the molecule,
because they are captured by the molecular nuclei of the fluorinated compound.26 Since the
valence electrons are tightly held, the fluorinated molecule becomes small and hard, decreasing
the electronic polarizability. This has been demonstrated experimentally because the electronic
polarizability of a compound can be determined by measuring the refractive index. It has been
found that fluorinated compounds have lower refractive indices than their nonfluorinated
analogs.26 Therefore, fluorinated compounds have less polarizability, because they exhibit lower
refractive indices. Electronic polarizability is important because it is the origin of van der Waals
attractions; less polarizability means fewer van der Waals attractions. Thus, fluorinated organic
compounds, with their small electronic polarizability, usually have smaller van der Waals
interactions when compared to their nonfluorinated parent compounds.26 This effect can be
observed when looking at the miscibility of fluorinated compounds, which can then be used to
explain the hydro- and lipophobicity. An often quoted rule is “like dissolves like”; molecules of
similar structure will associate due to a similar intermolecular interaction.26 For example,
because both ethanol and water have hydrogen bonding, and therefore similar intermolecular
interactions, they are miscible and will form a solution. In a different example, carbon
tetrachloride (CCl4) and water are immiscible because they do not have similar intermolecular
interactions; CCl4 has van der Waals and water has H-bonding. A biphasic system is created in
13

which there is an organic phase of CCl4, held together by van der Waals forces, and an aqueous
phase, held together by hydrogen bonding.26 Continuing on with a final example,
perfluoroalkane is immiscible in both water and CCl4 because it does not have similar
intermolecular interactions with either compound; it lacks H-bonding or the electronic
polarizability required for van der Waals interactions.25 Thus a mixture containing these three
compounds would result in a triple phase system, as each compound was held together by their
respective intermolecular interactions. However, this is not always the case as the miscibility of
fluorinated organic compounds is dependent on the structure. As previously explained,
perfluoroalkanes are immiscible, but PFAS are slightly different because they can contain a
hydrophile along with a perfluoroalkyl moiety. Therefore PFAS can be soluble in water but it
decreases with increasing chain length of the perfluoroalkyl moiety. Perfluorohexanoic acid
(PFHxA), and shorter chain length PFCAs, are miscible in water in all portions. However, PFOA
and perfluordecanoic acid (PFDA) are only slightly soluble in water.25 Therefore PFAS are
hydrophobic and lipophobic to varying degrees, because of the fluorinated chain which does not
have similar intermolecular interactions with either water or organic solutions.

1.2 Is there a health risk with PFAS?
In identifying the health risks associated with PFAS research has consisted of either
laboratory animal toxicology studies, or epidemiology studies on occupationally exposed
workers. Because the workers were exposed to PFOA, most of the animal studies have used it as
a representative PFAS compound for toxicology. Between 1960-80 several studies demonstrated
that organic fluorine was present in human blood, with concentrations between 0.01 and 0.13
mg/L.8, 9, 28, 29 In 1980, a fairly comprehensive study was released on the health of 3M workers
exposed to fluorochemicals. The inorganic and organic fluorine was measured in the blood from
three different groups of workers, with group selection based on the estimated degree of
exposure. There was a control group with no direct exposure, a group of laboratory personnel
with over 20 years of exposure in handling laboratory quantities of fluorochemicals, and a group
of chemical plant workers exposed to fluorochemical production. The control group had the
lowest levels of organic fluorine, between 0.01 and 0.08 mg/L, while the laboratory personnel
had slightly higher values between 0.04 to 2.0 mg/L.30 The chemical plant workers had the
highest levels between 1 and 71 mg/L, the high levels correlating with the duration of
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employment at the plant.30 It was determined that between 80-90% of the organic fluorine was
due to PFOA.30 Though it was difficult to identify the exact sources of exposure, due to the
mobility and transfer of employees within the plant, there was a correlation between dermal
handling, and inhalation, and organic fluorine levels.30 An epidemiological study was also
performed and no association was found between the plant workers and adverse health effects.30
Recent studies have confirmed the original results,31,32 but two studies did suggest there was
some immunotoxicity and carcinogenicity. In a study by Steenland et al. (2015) a positive
correlation was observed between occupational exposure and ulcerative colitis (an inflammatory
bowel disease) and rheumatoid arthritis.33 Similarly, studies have found that an increased
incidence of prostate cancer was associated with occupational exposure.34, 35
The laboratory animal toxicology studies have found that PFOA is linked to hormonal
and developmental effects,36- 39 and immunotoxicity.40- 42 This toxicity could potentially be
explained by the fact that PFOA is a peroxisome proliferator.43,44 Peroxisomes are single walled
cytoplasmic organelles that are important in several metabolic functions such as: simple
respiration through hydrogen peroxide production and degradation, β-oxidative chain shortening
of fatty acids (long and very long), metabolism of glyoxalate, degradation of uric acid, and
synthesis of ether phospholipids, cholesterol, and bile acids.45 Peroxisome proliferators (PP) are
xenobiotics that induce the proliferation of peroxisomes through binding to steroid hormone
receptors known as PP-activated receptors (PPARs), of which there are three types: alpha (α),
beta (β), and gamma (γ) .45 These transcription factors regulate numerous cell functions, such as:
lipid and xenobiotic metabolism, inflammation, cell differentiation, and cancer.45 However, they
are localized in specific tissues, the PPARα is highly expressed in the liver, skeletal muscle,
kidney, heart and vascular wall. The formation of tumors in the liver has been suggested to be
the result of the activation of the highly expressed PPARα by PFOA.46 In the same study, tumors
were also observed in the pancreas and testis, though the mechanism of their formation was
uncertain.47, 48

1.3 What are the sources of PFAS exposure?
There are several sources of PFAS exposure but for human populations (that are not
occupationally exposed) it is mostly limited to consumer products and the environment. PFAS
detected in the environment can be the result of industrial release,49,50 waste infrastructure,51-54
15

firefighting foams,55-58 and indoor air and dust.59-61 In consumer products PFAS are found in
wide range of products such as ski waxes,62 cosmetics,19-23 , food packaging, 63-69 carpeting,
carpet cleaners, floor waxes and sealants, nano and impregnation sprays, treated apparel, treated
home textiles and upholstery, outdoor textiles, leather and building materials.66,67,70,71
Environmental sources and selected consumer products will be discussed based on potential
PFAS exposure through inhalation or ingestion. The consumer products are ski waxes, food
packaging, and the various sprays and cleaning products, while cosmetics are discussed in the
next section.
1.3.1 Environmental
Industrial release (both historical and current) can be a significant source of PFAS
exposure, as demonstrated in Decatur, AL., where there is fluorochemical manufacturing plant
with effluent that enters the Tennessee River. In two separate studies (2002 & 2017) PFOS and
PFOA were detected, with a marked increase in concentrations downstream of the facility. In the
2002 study, average upstream concentrations of PFOS were 32 ng/L, while PFOA was not
detected.49 Downstream the average concentrations were 114 and 394 ng/L for PFOS and PFOA,
respectively.49 Similar results were obtained in the 2017 study, with downstream values of PFOS
and PFOA at 220 and 120 ng/L.50 The industrial release can also enter the waste infrastructure,
as was also observed in Decatur. The waste water effluent from the fluorochemical facility was
sent to the local wastewater treatment plant (WWTP), between 1990 and early 2000.51 Several
studies have demonstrated that the biosolids from WWTP have PFAS concentrations that are in
the ng/g range. Biosolids from New York State WWTPs had PFOS and PFOA ranging from <10
to 65 ng/g and 18 to 241 ng/g, respectively.72 Biosolids from WWTP in a rural community of
Kentucky, had values ranging from 8.2 to 990 ng/g and 8.3 to 219 ng/g for PFOS and PFOA,
respectively.73 In Canada, a study by Letcher et al. (2020) detected PFOS and PFOA
concentrations in the range of 0.5 to 50.4 ng/g and from 0 to 11.5 ng/g, respectively.74 When the
biosolids from WWTP of Decatur were analyzed they were observed to have concentrations of
PFOS and PFOA at 3000 and 244 ng/g, respectively.51 The biosolids from this WWTP were used
in the local agricultural fields as soil amendment for several years. These fields were found to
contain PFAS at higher levels than the background fields with PFOS and PFOA concentrations
of between 30 and 410 ng/g and 50 to 320 ng/g, respectively.52 Two other PFAS contaminants
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were also reported: PFDA and perfluorododecanic acid (PFDoDA) at concentrations between
130 to 990 ng/g and 30 to 530 ng/g, respectively.52 When the surface and groundwater in the
vicinity of these fields were tested, they all had elevated levels of PFAS with 22% exceeding the
PFOA limit of 400 ng/L, set by the U.S. Environmental Protection Agency’s Provisional
Health.51
Aqueous film forming foams (AFFFs), commonly known as firefighting foams, are used
to extinguish large hydrocarbon fueled fires and are commonly associated with airport and
military facilities.55-58 The PFAS are present in AFFFs because of their thermal resistance and
ability to lower the surface tension of foam, enabling it to easily spread across the fire and
smother the flames.56 By depriving air from the flames, the AFFF suppresses re-ignition of the
fire. AFFF consist of a variety of PFAS such as PFCAs, PFSAs, and FTSAs.55-58 However,
several additional PFAS compounds have been identified in the last 10 years.75,76 The use of
AFFFs have resulted in several instances of PFAS contamination of the surrounding
environment. In 2000 there was an accidental release of AFFFs at the L.B. Pearson International
airport, Toronto, ON. This release resulted in 22000L of AFFFs and 450000L of water to enter
the storm sewers, eventually emptying into Etobicoke Creek, which is a tributary to Lake
Ontario.57 Two days after the release, surface water samples from the creek had concentrations of
perfluorohexane sulfonic acid (PFHxS), PFOS and PFOA at 49.6, 2210, and 11.3 ng/ml,
respectively.57 A similar study from by Solla et al. (2012) analyzed the surface waters of the
Wellend River a tributary of Lake Niapenco, which is downstream of the John C. Munro
International Airport, in Hamilton, Ontario. This study was initiated because of the unexpectedly
high PFAS levels in the plasma of snapping turtles (Chelydra serpantina) from Lake Niapenco.77
They found that the PFOS concentration ranged from 38.4 to 392 pg/ml.77 The concentration of
PFOS from these two studies is quite high when compared to the background levels found in the
streams and creek of Canada, which was less than 34.6 pg/ml.78
Given that humans spend a significant portion of their daily lives indoors, there is
potential for PFAS exposure through the indoor air and/or dust. Indoor air has been found to
contain several times greater concentrations of PFAS compared to outdoor air. In Shoeib et al.
(2011) the dust, and in and outdoor air from homes in Vancouver, Canada were analyzed for
perfluorooctylsulfonamides (PFSAms), FTOHs (6:2, 8:2, 10:2), PFCAs (C6-C11,C13) and
PFOS. The study found that the indoor air had a total average concentration of FTOHs, PFSAms,
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and PFCAs of 7740, 930 and 398 pg/m3, respectively.59 These values are substantially higher
than the outdoor values for FTOHs (385 pg/m3), PFSAms (30 pg/m3), and PFCAs (16 pg/m3).59
The dust had total average concentrations of 836, 169, 321, and 280 ng/g for FTOHs, PFSAms,
PFCAs, and PFOS respectively.59 A study from Norway performed a similar analysis, however,
they did not sample the outdoor air. FTOH concentrations were not determined for dust samples,
while PFCAs and PFSAs were not determined for the indoor air. The indoor air from Norway
was found to have comparable concentrations to those in Canada with the total average
concentration for FTOHs (4:2, 6:2, 8:2, 10:2) and PFSAms at 12023 and 467 pg/m3,
respectively.60 The dust had total average concentrations for PFCAs and PFSAs at 136 and 24.5
ng/g, respectively.60 These studies were localized nationally, however, a study from 2015
analyzed PFAS in dust samples from across the globe. Samples were collected from Canada,
Faroe Islands, Sweden, Greece, Spain, Nepal, Japan, and Australia. The average PFCA and
PFSA concentrations ranged between 1.1 to 297 ng/g and 0.6 to 143 ng/g, respectively.61 PAPs
were also analyzed with average concentration of mono and diPAPs ranging from 6.9 to 1790
ng/g and 7.3 to 1415 ng/g, respectively.61
1.3.2

Ski Wax

Though ski wax is not a common consumer product, it provides a good example of how
PFAS containing products can be a source of exposure. Ski wax demonstrates the effect a variety
of factors can have on exposure, such as: product usage and application, frequency of use, type
of exposure, and PFAS concentration. In Freberg et al. (2010), these factors were analyzed to
determine how they affected PFAS exposure in professional ski waxers.62 Professional ski
waxers provided an ideal case study; they work in an enclosed environment, and the application
of ski wax results in the formation of aerosols. The Norwegian study determined the
concentration of 11 PFCAs and 8 PFSAs in the ski waxes and powders, the aerosols of the
workroom, and the serum of the professional ski waxers. The total median PFCAs concentration
of the ski waxes and powders was 1.9 and 75.7 µg/g, respectively.62 The air samples were
collected based on the three health related aerosol fractions: inhalable, thoracic, and respirable.
Inhalable represented the coarser aerosol fraction that entered the nose and mouth during normal
respiration, while the thoracic was the intermediate aerosol fraction that passed beyond the
larynx and entered the lungs. The respirable fraction was the finest aerosol fraction that could
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penetrate the alveoli of the lung. The total median PFCA concentration of the air samples was
86300, 86900, and 84200 µg/g for the inhalable, thoracic, and respirable aerosol fractions,
respectively.62 In the serum of the ski waxers the highest median concentration was 50 ng/g for
PFOA, with a total median PFCA and PFSA concentration of 106.3 ng/g.62 These values were
found to be 10-40 times greater than the general population, which strongly suggested that the
increased concentration of PFCAs detected in the blood was due to the exposure to aerosols from
the waxing procedure.62 This example clearly demonstrated how various factors influence
exposure; the application of heat to the PFAS containing wax resulted in the formation of
aerosols that were easily inhaled due to the enclosed environment. It was also a study with
conditions that was comparable to those found in a controlled setting of a lab, further
strengthening the results.
1.3.3

Food Packaging

Food packaging and food contact material are ubiquitous products, and thus can be a
potential source of PFAS exposure. Food packaging material is defined as those which contain or
hold food products, while food contact material is that which comes into contact with food, such
as cookware. Similar to ski wax, there are a variety of factors that affect potential PFAS
exposure; PFAS concentration within the product, migration of PFAS from material to food, and
the frequency of the food consumption. One of the first studies was from 2005 when Begley et
al. analyzed food packaging and food contact material, and the potential for PFAS migration to
the food. They found popcorn bags to have a concentration of PFOA that ranged from 6 to 290
ng/g, and that there was potential for PFAS migration to the food.63 In 2008 the author performed
a similar study, with a wider variety of foods, and found that PFAS migrated from the packaging
to the food. They also analyzed a variety food packaging material (popcorn bags, pizza box
liners, hamburger/sandwich bags, and muffin bags) to find that the PFOA concentration ranged
from 300-1200 ng/g.64 A paper by Tittlemier et al. (2007) analyzed a variety of food samples for
PFOA and PFOS, and determined that several samples had concentrations that ranged from 0.5
to 4.5 ng/g.65 In turn they estimated that the average dietary intake of total PFCAs and PFOS to
be 250 ng/day.65 A study by Liu et al. (2015) analyzed a variety of food packaging materials
(popcorn bag and bucket, sandwich wrapper, baking cup) for 6:2, 8:2, and 10:2 FTOHs and
found the concentration to range from 0.4 to 25.2 ng/g.66 Kothhoff et al. (2015) performed a
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similar study, but also analyzed for PFCAs and PFSAs, along with FTOHs. The study found
several PFCAs (C6-C12) had maximum concentrations between 100 to 700 ng/g, while the
FTOHs were significantly lower between 5 and 15 ng/g.67 These studies are predominantly based
in Europe or North America, however, a study out of Egypt found median concentrations of
PFOA and PFOS at 2.4 and 0.29 ng/g, respectively.68 A relatively recent paper by Schaider et
al. (2017) used PIGE spectroscopy to measure the total fluorine in 407 food packaging samples.
The study found that detectable levels of fluorine were in 56% of the desert/bread wrappers, 38%
of the sandwich/burger wrappers, and 20% of the paperboard.69 These studies demonstrated that
PFAS is present in food packaging materials, and that there was the potential for PFAS migration
into the food. However, the link between PFAS exposure due to the migration from food
packaging material is difficult to discern. There are several studies that demonstrate diet to be a
significant source of PFAS exposure, though this correlation was due to the consumption of fish
and shellfish which are known to contain PFAS.79-81 A study by Susman et al. (2019), attempted
to determine if there was a correlation between PFAS exposure and consumption of food from
fast food/pizza restaurants, other restaurants, food eaten at home, and microwave popcorn. They
found that increased PFAS serum concentrations were associated with the consumption of
microwave popcorn.82 This would suggest that PFAS migration from food packaging can be a
significant source of dietary PFAS exposure. Weak associations were found between foods from
fast food/pizza and other restaurants, likely due to the variability of the foods consumed and food
packaging material.82 Unfortunately, unlike the professional ski waxers, there is increased
difficulty in characterizing the correlation between PFAS exposure and food packaging material
due to the increased number of variables.
1.3.4 Cleaning products and Sprays
Studies have shown that products that are used for cleaning, or are a spray, contain high
concentrations of PFAS. In Liu et al. (2015) commercial carpet-care liquids, treated floor waxes
and stone wood sealants contained high concentrations of FTOHs (6:2, 8:2, 10:2). The total
FTOH concentration for commercial carpet-care liquids ranged from 0.2 to 105 µg/g; the high
value detected in one product was entirely the result of 6:2 FTOH.66 The waxes and sealants had
a slightly higher range, between 3.0 to 423 µg/g, though again there was one product that had
significant concentration of 6:2 FTOH at 331 µg/g.66 Similar values were observed in cleaning
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products, nano and impregnation sprays by Kotthoff et al. (2015). In the cleaning products
maximum concentrations of 6:2, 8:2 and 10:2 FTOH were 38.7, 547, 81.9 µg/g, respectively.67
The nano and impregnation sprays had significantly higher values for 4:2, 6:2, 8:2, and 10:2
FTOH at 329, 440, 719, and 369 µg/g, respectively.67 In a study by Fiedler et al. (2010),
impregnating sprays had total FTOH concentration between 0.8 and 93.6 µg/g.70 This study had
a different suite of FTOHs with total FTOH concentration almost entirely due to 8:2 and 10:2
FTOH. The concentration of 8:2 and 10:2 FTOH was between 0.5 and 61 µg/g, and 0.3 and 32
µg/g, respectively.70 A study out of Norway analyzed waterproofing sprays and found total
FTOH (6:2, 8:2, and 10:2) concentrations of between 78 and 465 µg/g.83 Though the
concentration was varied between the products the ratio between the three FTOHs was roughly
similar with 8:2 and 10:2 representing between 70-80% and 20-30%, respectively.83

1.4 Cosmetics
1.4.1

Naming convention of chemical compounds in cosmetics

In order to understand the presence of PFAS in cosmetics, it is necessary to discuss the
naming convention used for chemical compounds in cosmetics. Any chemical compound that is
used as an ingredient in a cosmetic product is named according to the International
Nomenclature Cosmetic Ingredient (INCI) system.84 The INCI name is an internationally
recognized naming convention that is developed by the International Nomenclature Committee
(INC).85 The INC is sponsored by the Personal Care Products Council (PCPC), an association
representing 600 companies of the cosmetic and personal care industry.86 INCI names are
published by the INC in the International Cosmetic Ingredient Dictionary Handbook, and
electronically as wINCI. The INCI dictionary handbook provides information such as the INCI
name, CAS number (if present), uses, chemical structure (if defined), and manufacturer
information.87 However, the INCI name does not necessarily denote a single chemical
compound, like a CAS number, but can represent a mixture of chemical compounds. Nor does
the INCI name list any other chemical compounds that might be present, but only what the
manufacturer lists. As a result it might be difficult to determine the presence of PFAS from the
cosmetic ingredient labels. An example is the cosmetic ingredient with the INCI name of
ammonium C6-16 perfluoroalkyl phosphate. The perfluoroalkyl phosphate suggests a
polyfluoroalkyl phosphoric ester (a PFAS), while the C6-C16 indicates a mixture of varying
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chain lengths. As well, according to the entry within the INCI dictionary handbook, there are
three different CAS numbers, all of which are nominally a PFAS.87 Finally, ammonium C6-16
perfluoroalkyl phosphate is listed under fluorinated ingredients (which is technically correct), but
perfluorodecalin is also listed and might not be considered a PFAS. Perfluorodecalin is a PFC,
and is technically a PFAS because it contains a perfluoroalkyl moiety, however, it is extremely
stable and is unlikely to degrade to a PFCAs.1 There is some disagreement as to whether PFAS
should just be defined strictly by the perfluoroalkyl moiety, or their ability to degrade to PFAAs
and PFAA precursors. Therefore the INCI name provides useful information in determining the
potential presence of PFAS, but does not provide a definitive answer.
1.4.2

Function(s) of fluorinated chemical compounds in cosmetics

The presence of fluorinated ingredients, PFAS or others, in cosmetics can be explained
through a discussion of the variety of functions they provide. One useful function of a fluorinated
ingredient is a surfactant. This is due to their ability to lower the surface tension of water and/or
reduce the interfacial tension between two immiscible substances.88 The INCI dictionary
handbook divides the surfactants (based on their function) into six major groups: cleansing
agents, emulsifying agents, foam boosters, hydrotropes, solubilizing agents and suspending
agents. In this study the main function of fluorinated surfactants is as emulsifying agents. The
emulsifying agents have the ability to: reduce surface tension, form complex films on the surface
of emulsified droplets, and prevent coalescence through the creation of a repulsive barrier on
emulsified droplets.88 Fluorinated ingredients also function as skin conditioning agents and have
a variety of functions such as: occlusive, emollient, and miscellaneous. The function of occlusive
agents is to increase the water content of the skin. This is achieved either by slowing down the
evaporation of water from the skin surface or blocking the evaporative loss of water.88 Emollient
agents are used to help maintain a soft, smooth, and pliable skin appearance. They have the
ability to remain on the skin surface in the stratum corneum to act as lubricants, reduce flaking,
and improve the skin’s appearance.88 Miscellaneous agents create a special effect on the skin,
due to the belief that the ingredient enhances the appearance of dry or damaged skin, and
substantive materials that adhere to the skin to reduce flaking and restore suppleness.88 Related
to skin conditioning agents are hair conditioning agents, which create special effects on the hair.
The materials enhance the appearance and feel of hair, increase hair body or suppleness,
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facilitate styling, improve gloss or sheen and improve the texture of hair that has been damaged
by chemical or physical action.88 Fluorinated ingredients are also used as solvents to dissolve
components that are useful in cosmetics. They can also be used to remove sebum from the skin,
loosen make-up, extract essential oils, or to dissolve dyes.88 Related to solvents are viscosity
decreasing agents which are used in cosmetics to enhance the fluidity of products without a
significant lowering of the concentration of the active constituents. As the name implies these
agents can lower the viscosity of the products, however, efficacy is dependent on the
concentration and the type of product.88 Fluorinated ingredients are also used as slip modifiers to
enhance the flow properties of other ingredients and are chemically unreactive with the
material(s) already present.88 In solid mixtures fluorinated binders and bulking agents can be
used. Binder agents are added to compounded dry powder mixtures of solids to provide adhesive
qualities during and after compression to make tablets or cakes.88 Bulking agents are used as
diluents for other solids and, as the name implies, to increase the volume of the applied
cosmetic.88 These are usually solid and chemically inert ingredients.
1.4.3

Past studies of PFAS analysis in cosmetics

There have been a few studies over the last 10 years that analyzed cosmetics for PFAS.
The earliest one was a Japanese study from 2013, which examined the occurrence of PFCAs
(C6-C14) in cosmetics, sunscreens and compounding agents.19 Selection of the products was
based on the presence of PAPs, or other fluorinated compounds, in their INCI labels. The other
fluorinated compounds were: polyfluoroalkyl silylated mica, polyfluorooctyl trimethoxysilane,
stearyl methacrylate/perfluorooctylethyl methacrylate copolymer, grapeseed fatty acid
perfluorononyl octyldodecyl glycol, and polyperfluoroethoxymethoxy difluoroethyl PEG
phosphate. The study determined that 21 of the 24 samples had detectable levels of PFCAs, with
a total PFCA concentration for cosmetics and sunscreens at 5.9 and 19 µg/g, respectively.19 The
compounding agents were talc and mica that had been treated with PAPs, and had a total PFCA
concentration of 2.5 and 35.0 µg/g, respectively.19 The study also found that there was a
correlation between the detection of PFCAs and the presence of a PAP listed in the INCI label,
suggesting that PAPs could be a source of PFCAs in cosmetics, sunscreens, and compounding
agents.
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Another Japanese study, from 2017, measured PFCA (C4-14, 16) and PAP (6:2, 6:2/8:2,
8:2 diPAP) concentrations in 23 cosmetics from Japan, Indonesia, Thailand, and Italy.20
Cosmetics were selected based on the presence of one of following compounds in their INCI
labels: C9-15 fluoroalcohol phosphate, diethanolamine perfluoroalkyl phosphate, C4-C14
alkylethoxy dimethicone, or perfluorooctyl trimethoxysilane. The total concentration of PFAS
ranged from 417 ng/g to 8.2 µg/g, which was comparable to the values from the 2013 study.20
They also found that the total concentration of diPAPs ranged from 1.0 to 58500 µg/g; this
extremely high concentration was attributed to the presence of PAP compounds listed as
ingredients on the cosmetic label.20
The next study of significance was in 2018 from Sweden. The authors selected 31
cosmetic products from five product categories; cream, foundations, pencils, powders and
shaving foam. Along with analyzing 39 PFAS they also determined the extractable organic
fluorine (EOF) and total fluorine (TF). Using similar criteria as the previous two papers,
cosmetic products were selected based on the presence of one of the following fluorinated
compounds in their INCI labels: PTFE, polyperfluoromethylisopropyl ether, trifluoroacetyl
tripeptide-2, ammonium C6-16 perfluoroalkyl ethyl phosphate, C9-15 fluoroalcohol phosphate,
polyperfluoroethoxymethoxy difluoroethyl PEG phosphate, perfluorooctyl triethyoxysilane,
trifluoropropyl demethiconol, and perfluorononyl dimethicone. The study found that the total
concentration of PFCAs (C4-13) ranged from the limit of detection to 9.2 µg/g, with the highest
detection frequency observed for the shorter chain PFCAs (C4-C7).21 The mono and diPAPs
were detected with total concentrations from the limit of detection to 471 µg/g.21 Three cosmetic
products had total PAP concentrations of 219, 314, and 471 µg/g, which were found to correlate
with the ammonium C6-16 perfluoroalkylethyl phosphate and C9-15 fluoroalcohol phosphate
listed in the ingredient list.21 In addition the study found that the total concentration of the 39
PFAS only represented a small fraction of the EOF and TF, suggesting that organic and/or
inorganic fluorinated compounds of unknown composition were present.
In 2018 the Ministry of Environment and Food of Denmark released a study on the
presence of PFAS in cosmetic products and their potential risk. The study analyzed 17 cosmetic
and personal care products for 22 different PFAS, and the total organic fluorine (TOF). Similar
to the Swedish study, product selection was based on the presence of fluorinated ingredients on
the label. The total concentration of PFCAs (C4-C14) was between the limit of detection and 10
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µg/g, which is comparable to the Swedish study.22 As in the Swedish study there was a
substantial difference between the total PFAS concentration and TOF, again suggesting that
organic fluorinated compounds of unknown composition were present.22
The American study of 2021 was different than the previous studies in both the product
selection and analysis. A total of 231 products, all lacking in fluorinated ingredients, were
selected and analyzed for total fluorine. A subset of the products was analyzed for PFAS due to
high total fluorine values. They found that a high total fluorine content (≥ 0.384 ug F/cm2) was
associated with foundations, mascaras, and lip products.23 The subset of analyzed products had
PFAS concentration that ranged from 22 -10500 ng/g, with fluorotelomer compounds, alcohol
and methacrylates, the most commonly detected.23

1.5 Overview of the thesis
Previous studies have detected PFAS in a wide variety of products that required at least
one of the following properties: chemical and thermal stability, water and oil repellency. A few
studies have also demonstrated cosmetics and personal care products contain PFAS, though they
were limited in product selection, variety of fluorinated ingredients, and PFAS analytes. The goal
of this thesis was to determine if cosmetic and personal care products, with a fluorinated
ingredient in the label, contained impurities of PFAS. The results will be used to expand the
information regarding the potential PFAS exposure through cosmetic and personal care products.
A total of 27 products, 8 cosmetic and 19 personal care, were analyzed for 26 different PFAS; 6
PAPs, 13 PFCAs, 4 PFSAs, and 3 FTSAs. Selection of products was based on the listing of a
fluorinated ingredient in the label, though the ingredient might not technically be considered a
PFAS. Analysis determined that 4 products, with either C9-15 fluoroalcohol phosphate or
ammonium C6-16 perfluoroalkylethyl phosphate, contained substantial concentrations of PAPs
and PFCAs. The other products demonstrated a trend towards shorter chain PFCAs (< C8), while
multiple samples contained PAPs though they did not have PAPs on the label. This thesis
demonstrates that cosmetics and personal care products, with fluorinated ingredients, can be a
potential source of PFAS exposure.
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Chapter 2: Materials and Methods
2.1 Materials
The following LCMS grade solvents were purchased from MilliporeSigma (Oakville,
ON): methanol (≥99.9%, MeOH), water (≥99%, H2O), and acetonitrile (≥99.9%, ACN).
Ammonia solution (32%, NH4OH), HPLC grade methanol (≥99.8%), reagent grade tert-butyl
methyl ether (>98%, MTBE), SupelcleanTM ENVITM-Carb SPE tubes (bed wt., 100 mg) and
sodium hydroxide pellets were also purchased from MilliporeSigma. LCMS grade ammonium
hydroxide solution (>25%, NH4OH in water) was purchased from Fisher Scientific (Ottawa,
ON). 1-methylpiperidine (99%, 1-MP), and hydrochloric acid (12M, HCl) was purchased from
VWR Canada (Mississauga, ON). Reagent grade ammonium acetate (97%, NH4OAc) was
purchased from BioShop Canada Inc. (Burlington, ON). High pressure liquid nitrogen (HPLN2)
and high purity nitrogen (5.0, N2) was purchased from Linde (Ottawa, ON).
The following individual native PFAS standards were purchased from Wellington Laboratories
(Guelph, ON): Sodium 1H, 1H, 2H, 2H-perfluorohexane sulfonate (4:2 FTSA, >98%), Sodium
1H, 1H, 2H, 2H-perfluorooctane sulfonate (6:2 FTSA, >98%), Sodium 1H, 1H, 2H, 2Hperfluorodecane sulfonate (8:2 FTSA, >98%), perfluoro-1-octanesulfonamidoacetic acid
(FOSAA, >98%), perfluoro-1-octanesulfonamide (FOSA, >98%), sodium 1H, 1H, 2H, 2Hperfluorooctylphosphate (6:2 monoPAP, >98%), sodium 1H, 1H, 2H, 2Hperfluorodecylphosphate (8:2 monoPAP, >98%), sodium bis(1H, 1H, 2H, 2H-perfluorooctyl)
phosphate (6:2 diPAP, >98%), sodium bis(1H, 1H, 2H, 2H-perfluorodecyl) phosphate (8:2
diPAP, >98%), sodium (1H, 1H, 2H, 2H-perfluorooctyl-1H, 1H, 2H, 2H-perfluorodecyl)
phosphate (6:2/8:2 diPAP, >98%). A mixture of native perfluoroalkylcarboxylic acids and
native perfluoroalkylsulfonates (PFAC-MXB) was also purchased from Wellington Laboratories
(Guelph, ON) and contained the following native PFAS analytes: perfluoro-n-butanoic acid
(PFBA), perfluoro-n-pentanoic acid (PFPeA), perfluoro-n-hexanoic acid (PFHxA), perfluro-nheptanoic acid (PFHpA), perfluoro-n-octanoic acid (PFOA), perfluoro-n-nonanoic acid (PFNA),
perfluoro-n-decanoic acid (PFDA), perfluoro-n-undecanoic acid (PFUnDA), perfluoro-ndodecanoic acid (PFDoDA), perfluoro-n-tridecanoic acid (PFTrDA), perfluoro-n-tetradecanoic
acid (PFTeDA), perfluoro-n-hexadecanoic acid (PFHxDA), perfluoro-n-octadecanoic acid
(PFOcDA), potassium perfluoro-1-butanesulfonate (PFBS), sodium perfluoro-1-hexanesulfonate
(PFHxS), sodium perfluoro-1-octansulfonate (PFOS), and sodium perfluoro-1-decanesulfonate
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(PFDS). Mono[2(perfluorodecyl)ethyl] phosphate (10:2 monoPAP) was purchased from Toronto
Research Chemicals (Toronto, ON).
All the mass labelled standards were purchased from Wellington Laboratories (Guelph,
ON). Individual mass labelled standards included: perfluoro-n-[13C8] octanoic acid (M8PFOA,
>98%), sodium 1H, 1H, 2H, 2H-[1,2-13C2] perfluorodecylphosphate (M2-8:2 monoPAP, >98%),
sodium bis (1H, 1H, 2H, 2H-[1,2-13C2]perfluorodecyl)phosphate (M4-8:2 diPAP, >98%). A
mass labelled mixture of perfluoroalkylcarboxylic acids and perfluoroalkylsulfonates (MPFACMXA) contained the following: perfluoro-n-[13C4] butanoic acid (MPFBA), perfluoro-n-[1,213

C2] hexanoic acid (MPFHxA), perfluoro-n-[1,2,3,4-13C4] octanoic acid (M4PFOA), perfluoro-

n-[1,2,3,4,5-13C5] nonanoic acid (MPFNA), perfluoro-n-[1,2-13C2] decanoic acid (MPFDA),
perfluoro-n-[1,2-13C2] undecanoic acid (MPFUnDA), perfluoro-n-[1,2-13C2] doddecanoic acid
(MPFDoDA), sodium perfluoro-1-hexane [18O2[ sulfonate (MPFHxS), and sodium perfluoro-1[1,2,3,4-13C4] octanesulfonate (MPFOS).

2.2 Cosmetic Selection
A list of fluorinated INCI ingredients was compiled by using the International Cosmetic
Ingredient Dictionary and Handbook, 2nd ed. volumes 1-3. The fluorinated INCI ingredients were
then entered into the INCI Decoder website (incidecoder.com) to determine if a product
containing the ingredient was available to purchase in Canada. A final check before purchasing
was performed whereby the word “fluoro” was entered into the webpage search function, and the
ingredient list was checked for the fluorinated INCI ingredient. The following is an example of
the process. Perfluorononylethyl carboxydecyl PEG-10 dimethicone was entered into the INCI
Decoder website, and a list of cosmetic products that contained the ingredient was provided. A
cosmetic product was selected, and the product name was entered into Sephora website
(Sephora.com). The cosmetic product was selected, and the “ingredients” section was opened.
The website search function was opened (Crtl+F) and the word “fluoro” was entered. When it
was confirmed that perfluorononylethyl carboxydecyl PEG-10 dimethicone was present, the
cosmetic product was selected for purchase. Table 2 contains a list of fluorinated INCI
ingredients that were used as the basis for cosmetic selection.
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Table 2: List of fluorinated INCI ingredients that were used for the selection of cosmetics and
personal care products.
INCI ingredient

CAS

C9-15 Fluoroalcohol Phosphate

223239-92-7

Perfluorooctyl Triethoxysilane

51851-37-7

Polyperfluoromethylisopropyl Ether

69991-67-9

Ammonium C6-16
Perfluoroalkylethyl Phosphate

65530-70-3;
65530-71-4;
65530-72-5

Perfluorononyl Dimethicone

259725-95-6

Polyperfluoroethoxymethoxy
Difluoroethyl PEG Phosphate

200013-65-6

Perfluorononylethyl Carboxydecyl
Peg-10 Dimethicone

500218-22-4

Structure
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Ethyl perfluorobutyl ether

163702-05-4

Ethyl perfluoroisobutyl ether

163702-06-5

Methyl perfluorobutyl ether

163702-07-6

Methyl perfluoroisobutyl ether

163702-08-7

Perfluorodecalin

306-94-5

Perfluorohexane

355-42-0

Perfluoroperhydrophenanthrene

306-91-2

Octafluoropentyl Methacrylate

355-93-1

Polytetrafluoroethylene

9002-84-0
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2.3 Extraction
The extraction procedure was modified from Powley et al. (2005) and Schultes et al.
(2018).21,89 Approximately 0.1g of cosmetic sample was weighed into a 15ml polypropylene tube
and spiked with both 50 ng/g mass labelled PFCAs and PFSAs and 500 ng/g mass labelled
PAPs. Methanol (5ml) and 0.2M aqueous NaOH (0.5ml) was then added to the tube. The
resulting mixture was vortexed for 5 minutes, placed in a room temperature ultrasonic bath for
30 minutes, and then agitated on a horizontal shaker for 10 minutes at 350 rpm. The mixture was
clarified by centrifuging for 10 minutes at 3000 rpm, and the resulting solution carefully
transferred to a clean 15ml polypropylene tube. The remaining solids underwent the extraction
procedure again, however, only 5ml of methanol was added. The supernatant extracts were
combined (~10ml) and 2M HCl (50 µL) was added. Confirmation of neutralization was via a pH
test strip. The extract solution was reduced to 1ml under a gentle stream of N2, and then further
cleaned by passing through a SupelcleanTM ENVI-CarbTM SPE cartridge (100 mg activated
carbon). Before the sample extract was transferred, the cartridge was conditioned with 2ml
methanol. The sample extract was eluted with 10ml of a MTBE/MeOH (90:10, v/v) solution
containing 5% NH4OH (LCMS grade). The sample extract was evaporated to dryness under a
gentle stream of N2 and reconstituted in 500 uL of LCMS grade methanol.

2.4 UHPLC conditions
All samples were run using an Acquity UPLC I-Class PLUS system, with a Waters
50mm BEH (ethylene bridge hybrid) C18 column (2.1mm, 1.7µm particle size). The column
temperature was set at 40°C for all samples. There were three sets of mobile phase gradient
programs used for PFAS analysis, but generally they all started with a mostly aqueous phase,
increasing to mostly organic, before reverting to initial conditions. For all the PFCAs, PFSAs,
FTSAs, FOSA and FOSAA the aqueous mobile phase had a ratio of 95:5 water/methanol, while
the organic phase had ratio of 75/20/5 methanol/acetonitrile/water. Both mobile phases had 2mM
NH4OAc and 5mM 1-MP. The flow rate was 0.4 ml/min. The mobile phase gradient program
can be found in Table 3.
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Table 3: Mobile phase gradient program for the PFCAs, PFSAs, FTSAs, FOSA and FOSAA.
Time
Min
0
0.5
5
5.1
8
10

UHPLC Gradient Program
Mobile A [%]
Mobile B [%]
90
10
90
10
20
80
5
95
5
95
90
10

Figure 5: UHPLC elution gradient for PFCAs, PFSAs, FTSAs, FOSA and FOSAA.
Mobile phase A: 95/5 H2O/MeOH with 2mM NH4OAc, 5mM 1-MP
Mobile phase B: 75/20/5 MeOH/ACN/H2O with 2mM NH4OAc, 5mM 1-MP
For analysis of the PAPs there are two different mobile phase gradient programs, one for
the monoPAPs and one for the diPAPs. The diPAPs used the same solvents of A and B as
described above. The flow rate was 0.3 ml/min, while the mobile phase gradient program can be
found in Table 4.
Table 4: Mobile phase gradient program for the 6:2, 6:2/8:2, and 8:2 diPAP
Time
Min
0
0.5
5
5.1
8
10

UHPLC Gradient Program
Mobile A [%]
Mobile B [%]
90
10
90
10
20
80
5
95
5
95
90
10
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Figure 6: UHPLC elution gradient for diPAPs.
Mobile phase A: 95/5 H2O/MeOH with 2mM NH4OAc, 5mM 1-MP
Mobile phase B: 75/20/5 MeOH/ACN/H2O with 2mM NH4OAc, 5mM 1-MP
There were early challenges in analyzing the monoPAPs, which were solved through the
use of different solvents; the aqueous phase was 100% water with 0.1% NH4OH (~pH 11), and
the organic phase was 100% methanol. The flow rate was 0.3 ml/min, with a phase gradient
program in Table 5.
Table 5: Mobile phase gradient program for the 6:2, 8:2, and 10:2 monoPAP
Time
Min
0
0.5
5
5.1
8
10

UHPLC Gradient Program
Mobile A [%]
Mobile B [%]
90
10
90
10
20
80
5
95
5
95
90
10

Figure 7: UHPLC elution gradient for monoPAPs.
Mobile A: 100% H2O with 0.1% NH4OH (~pH 11)
Mobile B: 100% MeOH
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2.5 MS/MS conditions
A Waters Xevo TQS-Micro Triple Quadrupole Mass Spectrometer operating in MRM
and ESI negative mode was used to detect PFAS analytes. The capillary voltage was set at 3 kV,
with a desolvation temperature and flow at 350°C and 650 L/hr, respectively. The cone flow was
set at 150 L/hr, and the source temperature was 150°C. Tables 6 and 7 below list the target
analytes, mass labelled internal standards and instrumental parameters used to quantify these
analytes by MS/MS. All instrument tubing was PEEK.
Table 6: Internal standards and instrument parameters used for quantification
Compound Name
MPFBA
MPFHxA
MPFHxS
PFOA [M+4]
PFOA [M+8]
MPFNA
MPFOS
MPFDA
MPFUnDA
MPFDoDA
M2-8:2 monoPAP
M4-8:2 diPAP

Precursor ion
(m/z)
217.0
315.0
403.0
417.0
421.0
468.2
503.2
515.2
565.4
615.3
545.2
993.6

Product ion
(m/z)
172.0
270.0
103.0
372.0
376.0
423.0
99.3
470.1
520.0
570.0
97.2
545.0

Cone
energy (V)
10
10
50
15
11
15
62
15
15
20
25
35

Collision
energy (V)
8
9
30
11
15
11
40
13
13
13
20
25
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Table 7: Native analytes and instrument parameters used for quantification
Compound
Name
PFBA
PFPeA
PFBS
PFHxA
4:2 FTSA
PFHpA
PFHxS
PFOA
6:2 FTSA
FOSAA
PFNA
FOSA
PFOS
PFDA
8:2 FTSA
PFUnDA
PFDS
PFDoDA
PFTrDA
PFTeDA
PFHxDA
PFOcDA
6:2 monoPAP
8:2 monoPAP
10:2 monoPAP
6:2 diPAP
6:2/8:2 diPAP
8:2 diPAP

Precursor
ion (m/z)
213.0
263.0
299.0
313.0
327.1
363.1
399.1
413.1
427.1
556.1
463.1
498.2
499.2
513.2
527.1
563.2
569.2
613.4
663.5
713.4
813.5
913.5
443.3
543.4
643.4
789.5
889.6
989.7

Product (m/z) ion
Quantitative
169.2
219.3
80.2
269.2
307.2
319.0
80.2
369.0
407.0
498.0
419.0
78.2
99.3
469.0
507.0
519.1
99.3
569.3
619.1
669.2
769.2
869.0
97.4
97.3
97.4
443.2
443.1
543.3

Cone
energy
(V)

Collision
energy
(V)

20
15
45
15
35
21
55
22
55
18
24
8
65
26
25
15
70
20
22
15
25
25
10
16
14
20
14
18

10
5
30
10
18
6
36
11
20
26
11
28
42
11
26
13
50
13
15
14
15
15
25
20
21
20
23
21

Internal Standard
used for quantitation

Qualitative

99.0
119.0
81.0
169.0
99.0
169.0
81.0
419.0
219.0
478.0
80.5
269.0
81.0
269.3
80.5
169.3
169.0
169.0
169.0
169.0
423.0
523.5
623.1
97.4
543.6
97.2

MPFBA
MPFHxA
MPFHxS
MPFHxA
MPFHxS
M4PFOA
MPFHxS
M4PFOA
MPFOS
MPFNA
MFPOS
MPFDA
MPFOS
MPFUnDA
MPFOS
MPFDoDA
MPFDoDA
MPFDoDA
MPFDoDA
MPFDoDA
M2-8:2 monoPAP
M2-8:2 monoPAP
M2-8:2 monoPAP
M4-8:2 diPAP
M4-8:2 diPAP
M4-8:2 diPAP
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2.6 Assessing absolute recovery, matrix effects, process efficiency, and
normalized recovery
The extraction efficiency was assessed using a cosmetic sample with no fluorinated
ingredient listed in the label. To ensure the suitability of the cosmetic sample as a blank it also
underwent qualitative PFAS analysis, and was found to not contain any detectable PFAS. The
extraction efficiency was determined by performing an absolute recovery experiment. This was
calculated using the following equation:
𝑃𝑟𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑅𝑒𝑐𝑜𝑣𝑒𝑟𝑦 = (
) × 100%
𝑃𝑜𝑠𝑡 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
The pre-extraction peak area was determined by pre-spiking the cosmetic blank with 50
ng/g native PFAS standards, and then extracting the sample. To determine the post extraction
peak area, the blank cosmetic was extracted and then 50 ng/g native PFAS standards were added.
Absolute recovery values greater than 100% indicated that the extraction efficiency was
exceeded, while values less than 100% were indicative of an incomplete extraction. Table 8 has
the absolute recoveries for each PFAS.
The matrix effect, either through analyte suppression or enhancement, was determined
using the following equation:
𝑃𝑜𝑠𝑡 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
𝑀𝑎𝑡𝑟𝑖𝑥 𝑒𝑓𝑓𝑒𝑐𝑡 = (
) × 100%
𝑃𝑢𝑟𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
Post extraction was determined as described in the previous section. The pure solution
was spiked with 50 ng/g native PFAS in LCMS grade methanol. Values that were greater than
100% were indicative of matrix enhancement, while values less than 100% were the result of
matrix suppression. Matrix effects for each PFAS are provided in Table 8.
Process efficiency, which is the combination of matrix effect and extraction efficiency,
was determined using the following equation:
𝑃𝑜𝑠𝑡 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 = (
) × 100%
𝑃𝑢𝑟𝑒 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑝𝑒𝑎𝑘 𝑎𝑟𝑒𝑎
Post extraction and pure solution peak areas were determined in the section above. A
value that was greater, or less, than 100% was indicative of an over efficient or inefficient
process, respectively. Process efficiency for each PFAS is provided in Table 8.
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Mass labelled internal standards were used to determine their suitability to correct for
matrix effects and extraction efficiency. A normalized recovery experiment was performed using
the following equation:
𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦 = (

𝑃𝑟𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑎𝑟𝑒𝑎 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝑡𝑜 𝑚𝑎𝑠𝑠 𝑙𝑎𝑏𝑒𝑙𝑙𝑒𝑑 𝑎𝑟𝑒𝑎
) × 100%
𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

Table 8: Absolute recovery, matrix effect, process efficiency, and normalized recovery (based on
relative response to internal standard) for each analyte.
Absolute
recovery (%)
Analyte
Avg. (n=3)
PFODA
41.5±7.0
PFHxDA
58.3±7.0
PFTeDA
69.5±5.5
PFTrDA
73.9±1.5
PFDoDA
73.4±2.3
PFDS
69.2±4.4
PFUnDA
75.3±4.2
8:2 FTSA
84.9±7.9
PFDA
75.4±3.0
PFOS
70.4±2.2
FOSA
77.6±3.2
PFNA
72.5±1.6
FOSAA
74.8±1.6
6:2 FTSA
84.1±2.6
PFOA
70.2±1.3
PFHxS
72.3±7.1
PFHpA
79.4±2.0
4:2 FTSA
81.8±6.9
PFHxA
71.5±2.3
PFBS
77.2±5.2
PFPeA
79.0±3.2
PFBA
71.7±7.6
8:2 diPAP
71.7±12.7
6:2/8:2 diPAP 84.9±1.5
6:2 diPAP
80.5±6.2
10:2 monoPAP 77.7±51.5
8:2 monoPAP 37.0±8.6
6:2 monoPAP 45.4±5.7

Matrix Effect
(%)
Avg. (n=3)
71.5±5.4
81.4±9.5
75.2±7.5
115.5±19.8
131.4±9.5
124.7±11.1
134.6±10.8
178.6±10.2
133.6±9.2
131.5±12.8
127.7±6.9
142.2±11.7
117.5±6.0
142.0±14.5
146.3±16.2
128.2±11.8
133.8±12.6
166.4±15.2
134.2±10.2
124.2±13.7
123.9±16.0
114.7±18.6
239.9±35.9
246.2±45.8
189.2±10.7
74.9±5.9
216.8±109.9
120.9±24.7

Process
efficiency (%)
Avg. (n=3)
29.9±6.9
47.9±11.0
52.6±9.2
85.4±14.1
96.6±9.8
86.6±12.4
101.7±13.5
151.8±17.8
100.7±3.6
92.4±6.2
99.2±8.9
103.1±8.5
88.0±5.5
119.2±8.9
102.9±13.1
93.1±16.3
106.1±7.9
135.5±4.9
95.9±6.9
95.5±5.8
97.5±8.8
81.4±5.9
172.4±41.3
208.7±35.8
152.7±20.5
59.8±44.0
85.3±53.4
55.4±15.5

Normalized
Recovery (%)
Avg. (n=3)
29.0±4.0
44.0±6.2
46.9±3.8
74.1±4.4
84.2±1.9
80.2±8.1
86.7±1.1
123.6±12.4
84.2±0.7
84.3±2.1
79.6±2.4
104.3±1.9
81.3±1.4
84.5±7.7
82.2±5.2
115.1±5.7
80.6±1.3
85.7±0.8
84.8±3.9
90.2±5.5
88.7±7.1
111.0±23.6
71.6±13.4
52.0±35.7
130.6±53.1
100.9±10.4

36

For the normalized recovery experiment, the cosmetic sample was spiked with 50 ng/g
native PFAS, 50 ng/g mass labelled PFCAs and PFSAs, and 500 ng/g mass labelled PAPs, and
then extracted. The sample was then analyzed to determine the ratio between native and mass
labelled internal standards. A calibration curve was constructed using the value of the ratio
between the integrated area of the native and mass labelled PFAS standards, versus the
concentration of the native PFAS standard. Using the calibration curve the concentration of the
cosmetic sample was normalized, and then divided by the theoretical concentration to determine
the normalized recovery. Figure 8 is an example of a calibration curve.
4.00

y = 0.033x + 0.1228
R² = 0.9707

3.00
NS
2.00
LIS
1.00
0.00
0.0

20.0

40.0
60.0
80.0
Concentration (ng/g)

100.0

120.0

Figure 8: PFOS calibration curve used to determine the suitability of MPFOS to correct for
matrix effects and extraction efficiency.

2.7 Quantitation of Cosmetics
There were two methods used to determine PFAS concentration in cosmetics and
personal care products: external standard calibration normalized to mass labelled internal
standards, and standard addition. Concentrations for the external standards calibration curve
ranged from 0 to 300 ng/g and 0 to 500 ng/g for non-PAP and PAP analytes, respectively.
A standard addition was used for four samples, because the PAP concentrations exceeded the
external calibration curve and it was not possible to dilute the same samples while still observing
mass labelled internal standards.

37

Chapter 3: Results and Discussion
The cosmetic and personal care products were separated into 5 different groups based on
their general function: cosmetics (i.e., concealers, bronzers, foundations, and primers), creams
and moisturizers, face cleansers, hair products, and shaving creams. Creams and moisturizers
were products that were designed to hydrate, moisturize, replenish, and restore the skin. The face
cleanser group consisted of products designed to clean the face such as washes, exfoliators,
treatment masks, and pore cleansers. Products from the hair group were those for use in the
individual’s hair such as conditioners, shampoos, and styling creams. The last group had shaving
products. In all the products examined none of the following PFAS were detected: FOSA,
FOSAA, 4:2 FTSA, and PFDS.

3.1 Cosmetics
In the cosmetic group there were 8 products that consisted mostly of foundations, along
with a concealer, primer, and bronzer. Table 9 provides a list of the cosmetic samples, the
function of the product and their respective INCI.
Table 9: Cosmetic product sample ID, product purpose and respective INCI.
Sample ID

Product

INCI

COS-01

bronzer

C9-15 Fluoroalcohol Phosphate

COS-02

concealer

Perfluorooctyl Triethoxysilane

COS-03

primer

Polyperfluoromethylisopropyl Ether

COS-04

foundation

Ammonium C6-16 Perfluoroalkylethyl Phosphate

COS-05

foundation

Ammonium C6-16 Perfluoroalkylethyl Phosphate

COS-06

foundation

Ammonium C6-16 Perfluoroalkylethyl Phosphate

COS-07

foundation

Polyperfluoroethoxymethoxy Difluoroethyl PEG Phosphate

COS-08

foundation

Methyl perfluorobutyl ether
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Figure 9: Concentration of total PAPs and PFAAs (PFCAs and PFSAs) found in the cosmetic
products (top). The relative distribution of PFAS classes found in the cosmetic products are also
illustrated (bottom).
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As depicted in Figure 9 several of the cosmetics (COS-01, -04, 05, and -06) have
extremely high concentrations of PAPs, correlating with the INCI C9-15 fluoroalcohol phosphate
and ammonium C6-16 perfluoroalkylethyl phosphate. The three of the four remaining cosmetics
(COS-02, -03, and -07) have lower, but still significant concentrations of PFAS. All of the
cosmetics, except for COS-08, are between 68% and 99% PAPs with varying proportions
between mono and diPAPs.
The cosmetic products COS-01, -04, -05, and -06 consist almost entirely of PAPs with
total PAP concentrations of 1941, 23234, 5585, 10297 µg/g, respectively. This correlates well
given that the INCI contained within COS-01, is C9-15 fluoroalcohol phosphate and that within
COS-04, -05, and -06 is ammonium C6-16 perfluoroalkylethyl phosphate. Between the two
groups of cosmetics there are several differences, which are likely based on the different
ingredients. In COS-01 the PAP ratio is a roughly even split between mono and diPAP, but in the
other three the diPAPs are the dominant PAP. Another key difference is the variation of
individual PAP congeners between the two groups, with all PAP congeners detected in COS-01
but only 6:2 mono and diPAP in COS-04,- 05 and -06. In COS-01, the monoPAPs 6:2, 8:2 and
10:2 monoPAP were detected at concentrations of 250, 586, and 108 µg/g, respectively. The
diPAPs 6:2, 6:2/8:2, and 8:2 were also highly detected at concentrations of 74, 401, 522 µg/g,
respectively. In COS-04, -05, and -06, the concentration of 6:2 monoPAP was 8724, 1586, and
2272 µg/g, respectively. The concentrations of 6:2 diPAP was 14509, 4000, 8025 µg/g,
respectively. These results can be directly compared to those from the study by Schultes et al.
(2018), as they sampled products with the exact same INCI. In their study, as in ours, they found
that the high concentration of PAPs was associated with either the C9-15 fluoroalcohol or the
ammonium C6-16 perfluoroalkylethyl phosphate, though the concentration of PAPs in our
samples was several orders greater, between 4 and 48.5. However, PAP distribution was similar
between studies with Schultes et al. (2018) determining that C9-15 fluoroalcohol contained all
PAP congeners, while only 6:2 mono and diPAP was detected with ammonium C6-16
perfluoroalkylethyl phosphate. Finally their study observed a similar ratio between mono diPAP
in C9-15 fluoroalcohol phosphate and ammonium perfluoroalkyl phosphate. Unfortunately, it is
difficult to compare these results to other studies due differences in the PFAS detected. However,
in the study by Yukioka et al. (2017) total diPAP (6:2, 6:2/8:2, 8:2) concentrations were
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measured ranging from 1 to 58500 µg/g, which are comparable to diPAP concentrations
observed within this study.
In the remaining four cosmetic products the concentration of PAPs was significantly
lower and essentially absent in COS-08 (Figure 9). The total PAP concentration for COS-02, -03,
and -07, was 3.5, 2.3, and 2.0 µg/g, respectively. In COS-02 and -03 monoPAPs (6:2 and 8:2)
represent a significant proportion of the PAPs, with 6:2 monoPAP concentrations of 1.3 and 1.6
µg/g, respectively. In COS-07, the diPAPs represent a slightly greater proportion of the PAPs,
with a 6:2 and 8:2 diPAP concentrations of 884 and 305 ng/g, respectively. However, COS-07
also had 6:2, 8:2, and 10:2 monoPAP with a 6:2 monoPAP concentration of 616 ng/g. A
literature comparison of these four products is difficult to due difference in analyte detection,
product, and fluorinated ingredients. Though the total PAP concentration is comparable to those
found by Yukioka et al. (2017), the study did not list PAP concentration with the respective
fluorinated ingredient. In Schultes et al (2018), products with similar fluorinated ingredients
were analyzed for PAPs, though none were detected.
Though for most of the cosmetics the total PFAS consists predominantly of PAPs, several
also contained significant concentrations of PFCAs such as COS-01, -02, -04, -05, -06, and -08.
These products consisted of the shorter chained PFCAs (C4-C7), though there were some
exceptions (COS-01). As with the previously discussed PAPs, high concentrations of PFCAs
were associated with the PAP ingredients. COS-01 had the highest total PFCA concentration of
any of the cosmetics (and personal care products) at 77 µg/g. This included all the PFCAs except
for PFHxDA (C16) and PFOcDA (C18). The two lowest concentrations are for PFTrDA and
PFTeDA at 285 and 297 ng/g, respectively while the other PFCAs have values between 2.0 and
28.6 µg/g. In COS-04, -05, -06 a similar distribution and concentration was observed with values
ranging from 300-3400 ng/g for the PFCAs C4-C7. The total concentration of PFCAs was 3.6,
4.5 and 6.1 µg/g for COS-04, -05, and -06, respectively. Interestingly COS-08, which did not
have a PAP ingredient, had comparable PFCA concentrations due entirely to PFBA (C4) at 3.5
µg/g. These results are comparable to the studies by Fuji et al.(2013), Yukioka et al. (2017),
Schultes et al. (2018), and Brinch et al. (2018), both in concentration and distribution of PFCAs
though the concentration of COS-01 is almost an order of magnitude greater.
Our results align with previous studies that demonstrate cosmetic products, with a PAP
ingredient, contain significant concentrations of PFCAs. It is known that biodegradation of PAPs
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to PFCAs is possible via microbial mediated hydrolysis and β-oxidation, though this is a highly
unlikely explanation as these products are essentially sterile. 90, 91 It is more likely that the PFCAs
are the result of the manufacturing process, an impurity that is present in the final mixture before
it is shipped off to cosmetic manufacturer.92

3.2 Cream and Moisturizer
In the cream and moisturizer group, there were 10 products that were a cream, a
moisturizer, or a mixture of both. Table 10 provides a list of the personal care samples, the
function of the product and their respective INCI.
Table 10: Cream and moisturizer product sample ID, product purpose and respective INCI.
Sample ID

Product

INCI
Perfluorodecalin, Perfluorohexane,

CRE/MOS-01

cream

Perfluoroperhydrophenanthrene

CRE/MOS-02

cream

Perfluorodecalin

CRE/MOS-03

cream

Perfluorodecalin

CRE/MOS-04

cream

No fluorinated ingredient

CRE/MOS-05

cream

C9-15 Fluoroalcohol Phosphate

CRE/MOS-06

cream

Perfluorooctyl Triethoxysilane

CRE/MOS-07

moisturizer

Polyperfluoromethylisopropyl Ether

CRE/MOS-08

moisturizer

PTFE (website), None (packaging)

CRE/MOS-09

cream & moisturizer

Perfluorooctyl Triethoxysilane

CRE/MOS-10

moisturizer

Perfluorodecalin
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Figure 10: Concentration of total PAPs and PFAAs (PFCAs and PFSAs) found in the cream and
moisturizer products (top). The relative distribution of PFAS classes found in the cosmetic
products are also illustrated (bottom).
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In general, compared to the cosmetics, the creams and moisturizer products had relatively
much lower PFAS concentrations. None of the products had total PFAS concentrations greater
than 2 µg/g, and only four with concentrations greater than 1 µg/g (Figure 10). The proportion of
PFAS was different as well with four of products consisting almost entirely of PAPs between 70
and 99%, while the other six products were mostly PFAAs, between 50 and 90%.
The four products with relatively high PFAS concentrations were CRE/MOS-01, -04, 06, and -07 with values of 1.53, 1.75, 1.43 and 1.07 µg/g, respectively. The proportions of PFAS
varied between all four, with no discernable pattern. CRE/MOS-01was mostly represented by
PFCAs with concentrations of PFPeA (C5) and PFOcDA at 555 and 259 ng/g, respectively.
CRE/MOS-04 was nearly 100% PAPs with a relatively high concentration of 6:2 monoPAP at
1.6 µg/g. CRE/MOS-06 was equally represented by PFCAs and PAPs with concentrations of 707
and 713 ng/g respectively. There was a general trend towards shorter chain PFACs (C4-C8), with
a PFHxA concentration of 404 ng/g, while all congeners of PAPs were detected at concentrations
between 25 and 255 ng/g. In CRE/MOS-07 the dominant PFAS were PAPs, with concentrations
of 6:2 mono and diPAP at 465 and 484 ng/g, respectively.
The other six products (CRE/MOS-02, -03, -05, -08, -09, 10) had total PFAS
concentrations that ranged between 45 and 894 ng/g. The total PFCA and PAP concentrations
were between 1.3 and 567 ng/g, and 9 and 167 ng/g, respectively. In the products with PFCAs, a
general trend towards short chain PFCAs (C4-C8) was observed. However, three products
(CRE/MOS-02, -03, and -08) had PFOcDA concentrations between 163 and 358 ng/g.
Unfortunately, it is difficult to compare these results to other studies, due to the lack of
similar experimental parameters; both Fuji et al. (2013) and Yukioka et al. (2017), focused on
PAP containing cosmetics. Schultes et al. (2018) analyzed 7 creams, of which 6 contained a
fluorinated ingredient. Between the 6 products there were only 3 different fluorinated ingredients
of which only one matched this study: polyperfluoromethylisopropyl ether. Unfortunately, the
results are not comparable as Schultes et al. (2018) did not have any detectable PFAS in any of
the creams/moisturizer products. The large variation between the two studies could be due to the
difference of brands or source of the ingredients. In Brinch et al. (2018) a cream/moisturizer
product, containing the ingredient perfluorooctyl triethoxysilane, had total PFAS concentration
of 602 ng/g, with PFHxA at 383 ng/g. The product CREM/MOS-06 has similar results with a
total PFCA value of 707 ng/g, and PFHxA at 404 ng/g.
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3.3 Face Cleanser
In the face cleanser group, there were five different products: two face washes, a foaming
exfoliator, treatment mask, and a pore cleanser. Table 11 provides a list of the personal care
samples, the function of the product and their respective INCI.
Table 11: Face cleanser product sample ID, product purpose and respective INCI
Sample ID
FACL-01
FACL-02
FACL-03
FACL-04
FACL-05

Product
face wash
face wash
Foaming Exfoliator
treatment mask
pore cleanser

INCI
Perfluorodecalin
NO fluorinated ingredient
Perfluorononylethyl Carboxydecyl Peg-10 Dimethicone
Ethyl perfluorobutyl ether
Methyl perfluoroisobutyl ether

The total PFAS concentration was relatively high for 4 of the 5 face cleanser products
with values between 1 and 4 µg/g (Figure 11). The PFAS proportion in the products consisted
either predominately of PFCAs or PAPs. In FACL-01, -02, -04 and -05 the total PFAS
concentration was 1.1, 2.0, 2.8 and 4.7 µg/g, respectively. Except for FACL-04, these products
consisted mostly of PFCAs, while FACL-04 consisted predominately of PAPs. FACL-01 and -02
had a weak general trend towards the shorter chain (<C9), however, they also had relatively high
concentrations of the long chain PFOcDA at 349 and 1774 ng/g, respectively, which represented
a substantial portion of the total PFCA levels. This is unusual given the industries shift towards
shorter chain PFCAs.18 FACL-05 exhibited a trend towards the short chain PFCAs (<C8), with
most of the total PFCA levels attributed to PFBA at a value of 3.7 µg/g. FACL-04 exhibited a
similar trend with enrichment of PFBA at 640 ng/g.
In general PAPs did not make up a significant proportion of the total PFAS, except for
FACL-04 at 70% (Figure 11). Excluding FACL-04, which had a total PAP concentration of 2.0
µg/g, the face cleanser products had values between 173 and 948 ng/g. In FACL-04 the
significant PAPs were 6:2 mono and diPAP at concentrations of 415 and 1438 ng/g, respectively.
A comparison of these results is hampered by the lack of similar studies, though Brinch et
al. (2018) did analyze one facial cleanser. That product contained the fluorinated ingredient
perfluorononylethyl carboxydecyl PEG-10 dimethicone, and was determined to have a total
PFCA concentration of 11 ng/g. This value compares favorably only with FACL-03, which
contained the same fluorinated ingredient, with a value of 32 ng/g.
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Figure 11: Concentration of total PAPs and PFAAs (PFCAs and PFSAs) found in the face
cleanser products (top). The relative distribution of PFAS classes found in the face cleanser
products are also illustrated (bottom).
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3.4 Hair and Shaving
In the hair and shaving group, there were four different products: shampoo, styling, and
two different shaving creams. Table 12 provides a list of the personal care samples, the function
of the product and their respective INCI.
Table 12: Hair and shaving product sample ID, product purpose and respective INCI
Sample ID

Product

INCI

HAIR-01

shampoo

Octafluoropentyl Methacrylate

HAIR-02

styling cream

Octafluoropentyl Methacrylate

SHAV-01

shaving cream

Perfluorononyl Dimethicone

SHAV-02

shaving cream

No fluorinated ingredient

The hair and shaving products had total PFAS concentrations that were comparable to the
other products sampled, with one that was greater than 1.0 µg/g. The ratios were fairly varied for
all the products, between 50 and 98% PFCAs (Figure 12). It is surprising that HAIR-01 and -02
have different ratios of PFCA to PAP given that products are from the brand and contain the
same fluorinated ingredient. There was general trend towards short chain PFCAs (C4 to C8),
however, all four had concentrations of PFOcDA between 48 and 458 ng/g. Again, this is
unusual as the industries have shifted to shorter chain PFCAs.18 In SHAV-01 the total PFAS
concentration was relatively high at 1255 ng/g mostly due to PFHxA, 8:2 mono and diPAP with
values of 384, 262, and 340 ng/g. Unfortunately the other cosmetic studies mentioned in this
paper have not sampled either hair or shaving products to any extent. In Brinch et al. (2018)
two shaving products, from the same brand, were sampled. Only one product contained a
fluorinated ingredient (PTFE) but neither was found to contain detectable levels of PFAS, which
contrasts with this study.
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Figure 12: Concentration of total PAPs and PFAAs (PFCAs and PFSAs) found in hair and
shaving products (top). The relative distribution of PFAS classes found in the hair and shaving
products are also illustrated (bottom).
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3.5 Potential PFAS exposure of cosmetics
In determining PFAS exposure from cosmetics and personal care products a variety of
factors must be considered; the mass of the applied product, surface area of the applied product
(face, head, body, etc.), duration of exposure (1 hour, all day, overnight), and mode of
application (spray, liquid, or solid). There are also several routes of exposure from the products;
through the tear ducts, inhalation, and ingestion. However, excluding spray products, the most
probable route of PFAS exposure from cosmetics and personal products is through dermal
absorption. Unfortunately determining the dermal absorption of PFAS is extremely difficult due
to the very limited number of studies; there are only two that analyzed human skin and PFOA
absorption.93, 94 The results are somewhat contradictory, though this was likely due to the
difference in the ionization state of PFOA found within each study. However, in Franko et al.
(2012) they determined that the total absorbable amount of PFOA was 69% in full thickness
skin, while the skin permeability coefficient was 8.8x10-5 cm/h. These values can be used in two
different formulas to obtain PFOA exposure in ng per kg of body weight (bw) per day. The
Agency for Toxic Substances and Disease Registry (ATSDR) has a dermal contact equation for
contaminants found in water, and the Scientific Committee on Consumer Safety by the European
Commission has systemic exposure dosage (SED) equation.95, 96 Both of these equations will be
used to determine the PFOA exposure from COS-01, a bronzer cosmetic product. The dermal
contact equation from the ATSDR is:
𝐷=

(𝐶 × 𝑃 × 𝑆𝐴 × 𝐸𝑇 × 𝐶𝐹)
𝐵𝑊

Where C is the concentration of PFAS within the product (mg/kg), P is the permeability
coefficient (cm/hr), SA is exposed surface are (cm2), ET is the exposure time (hr/day), CF is the
conversion factor (1kg/1000 cm2), and BW is body weight.95 The following assumptions are
made; body weight is 60 kg, exposure time is 8 hours a day, as this is a bronzer product it is only
applied to the face which has an exposed surface area of approximately 565 cm2.96 Finally, it is
assumed that PFOA will be in ionized form because the pH of the stratum corneum is 5.5, and
therefore the permeability coefficient will 8.8 x 10-5 cm/hr.93 Using the dermal contact exposure
equation for COS-01:
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(28.6
𝐷=

𝑚𝑔
1𝑘𝑔
𝑐𝑚
ℎ𝑟
× (8.8 × 10−5
) × 565𝑐𝑚2 × 8
×
)
𝑘𝑔
ℎ𝑟
𝑑𝑎𝑦 1000𝑐𝑚3
60 𝑘𝑔 𝑏𝑤
𝐷 = 0.00019 𝑚𝑔 ∙ 𝑘𝑔 𝑏𝑤 −1 ∙ 𝑑𝑎𝑦 −1

The PFOA dose from dermal contact exposure is 0.19 ng·kg bw-1·day-1 for COS-01. The
SED equation is as follows:
𝐷 = 𝐴 × 𝐶 × 𝐷𝐴𝑝
Where A is the estimated daily exposure to a cosmetic product per kg body weight per
day for a 60 kg individual, C is the concentration of PFAS within the finished cosmetic product
expressed as a percentage and DAp is the dermal absorption expressed as a percentage.96 In this
equation the estimated daily exposure is 7.90 mg per kg body per day (mg·kg bw-1·day-1), the
concentration of PFOA in COS-01 is 0.003%, and the dermal absorption is 69%.96, 93 Using the
SED equation for COS-01:
0.003
69
)×(
)
100
100
𝐷 = 0.00016 𝑚𝑔 ∙ 𝑘𝑔 𝑏𝑤 −1 ∙ 𝑑𝑎𝑦 −1

𝐷 = 7.90 𝑚𝑔 ∙ 𝑘𝑔 𝑏𝑤 −1 ∙ 𝑑𝑎𝑦 −1 × (

The systemic exposure dose for PFOA is 0.16 ng·kg bw-1·day-1 for COS-01. The
similarity between the values suggests that either dermal absorption or the permeability
coefficient can be used to determine exposure. This could potentially be useful when analyzing
mixtures of PFAS, as it might be simpler to determine the dermal absorption of the PFAS
mixture rather than permeability coefficient and dermal absorption of each individual PFAS.
However this information is not available, thus determining the total PFAS exposure from COS01 will be based on the dermal absorption and permeability coefficient of PFOA. The PFAS dose
from dermal contact exposure and systemic exposure is 13.4 and 11.0 ng·kg bw-1·day-1,
respectively. Performing these calculations for COS-04 the PFAS dose from dermal contact
exposure and systemic exposure is 154.0 and 126.7 ng·kg bw-1·day-1, respectively. These high
values are quite significant when compared to the average dietary intake (considered a
significant source of PFAS) for Canadians is 4.2 ng·kg bw-1·day-1.65 However, without a
thorough understanding of the dermal absorption or permeability coefficient of PFAS, it is
difficult to determine the potential PFAS exposure from cosmetics and personal care products.
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Chapter 4: Conclusion
This thesis demonstrated that cosmetic and personal care products contain significant
concentrations of PFAS, specifically PFCAs and PAPs, thus suggesting a potentially new source
of PFAS exposure. It confirmed what other studies have observed with fluorinated phosphate
ingredients in cosmetics, that they not only contain high concentrations of PFCAs, but also
PAPs. Compared to other studies this is the first one to analyze a large suite of PFAS, such as
PAPs, in personal care products and demonstrated that they contain significant concentrations of
PFCAs and PAPs. Though the industry has shifted to shorter chain PFCAs, the presence of PAPs
in numerous products is disconcerting due to their potential to undergo biotic degradation to the
longer chain PFCAs, thus negating the industry shift. This thesis also demonstrated that
fluorinated ingredients within cosmetic products also contain PFAS, likely as residuals or
impurities of the manufacturing process.
These results provide further evidence that cosmetic and personal care products can be a
significant source of PFAS exposure. However, determining the risk of PFAS exposure from
cosmetics and personal care products is difficult given the range of exposure routes. This is
compounded by the lack of data in regards to the dermal permeability of PFAS. Further studies
are necessary to determine how these variables affect PFAS exposure; however, this paper
demonstrates that cosmetics and personal products require a much more thorough analysis than
has currently been achieved.
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Appendix
PFAS concentrations in cosmetics (ng/g).Values highlighted in red and purple are limit of quantitation and detection, respectively.
Sample ID
PFBA
PFPeA PFBS PFHxA 4:2 FTSA
PFHpA
PFHxS
PFOA
6:2 FTSA FOSAA
COS-01
4275.1 5222.3
6712.8
10075.7
39.3
28576.5
80.2
COS-02
347.8
181.0
40.7
1051.8
103.1
0.5
38.0
COS-03
16.6
5.5
19.8
0.7
33.1
<4.1
COS-04
366.4
628.0
35.8
1756.4
803.7
0.7
52.3
2.0
COS-05
374.7
689.3
2586.0
855.3
0.2
26.9
24.4
COS-06
523.1
829.4
3233.4
1467.6
0.4
47.0
19.5
COS-07
28.0
10.7
11.2
58.9
16.6
0.4
21.3
COS-08
3513.4
17.4
9.3
41.0
45.8
1.0
21.6
0.1
CRE/MOS-01
72.6
554.9
7.0
60.9
25.2
0.8
32.3
0.3
CRE/MOS-02
59.0
21.9
11.6
33.6
78.5
0.4
29.2
CRE/MOS-03
35.2
20.4
9.7
22.1
34.6
0.4
19.7
CRE/MOS-04
5.1
<1.2
CRE/MOS-05
61.8
12.4
16.0
24.0
0.3
9.9
CRE/MOS-06
141.4
46.1
9.1
403.9
64.4
1.0
43.4
CRE/MOS-07
2.8
9.3
12.8
6.3
0.6
12.2
<4.1
CRE/MOS-08
6.2
6.0
47.4
11.8
0.8
26.5
<4.1
CRE/MOS-09
1.8
9.0
<4.1
CRE/MOS-10
FACL-01
46.0
19.9
12.1
67.1
89.8
0.2
56.8
FACL-02
21.2
4.2
36.8
0.9
31.9
<4.1
FACL-03
3.1
25.5
19.1
0.1
7.4
1.3
<4.1
FACL-04
640.4
9.6
86.1
29.2
1.3
20.7
0.0
FACL-05
3499.3
0.0
6.6
30.3
192.1
11.1
HAIR-01
17.0
84.0
7.9
26.0
67.5
0.6
15.0
HAIR-02
18.5
8.4
3.6
89.8
27.5
0.4
20.5
SHAV-01
44.5
19.7
17.1
384.0
71.0
0.6
54.1
0.8
SHAV-02
25.1
12.6
5.3
102.4
18.6
0.5
11.8
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PFAS concentrations in cosmetics (ng/g).Values highlighted in red and purple are limit of quantitation and detection, respectively.
Sample ID
PFNA FOSA PFOS
PFDA
8:2 FTSA
PFUnDA
PFDS PFDoDA PFTrDA PFTeDA
COS-01
6234.0
11015.8
19.4
2047.2
2153.8
285.1
297.9
COS-02
4.4
10.6
COS-03
3.5
2.4
0.2
<0.5
COS-04
4.6
<0.5
<0.4
COS-05
2.9
2.7
COS-06
3.9
16.5
4.3
0.3
COS-07
2.9
0.1
<0.5
0.6
COS-08
3.7
7.9
CRE/MOS-01
6.5
0.6
1.0
<1.6
<0.4
CRE/MOS-02
6.6
4.1
0.6
1.6
0.5
<0.5
CRE/MOS-03
7.3
0.3
<1.6
CRE/MOS-04
<0.2
<0.4
CRE/MOS-05
1.1
CRE/MOS-06
3.8
2.7
0.1
0.7
CRE/MOS-07
1.6
<1.6
CRE/MOS-08
4.8
<0.5
CRE/MOS-09
2.8
15.9
1.9
0.7
CRE/MOS-10
1.3
FACL-01
9.9
4.3
0.3
FACL-02
<0.2
<0.5
FACL-03
1.9
<1.6
<0.4
FACL-04
FACL-05
4.0
HAIR-01
HAIR-02
3.2
0.6
0.7
0.0
<1.6
<0.4
SHAV-01
0.5
<1.6
<0.4
SHAV-02
2.1
6.4
1.5
0.2
0.3
0.3
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PFAS concentrations in cosmetics (ng/g).Values highlighted in red and purple are limit of quantitation and detection, respectively.
6:2
8:2
10:2
6:2
6:2/8:2
8:2
Sample ID
PFHxDA PFOcDA monoPAP monoPAP
monoPAP
diPAP
diPAP
diPAP
COS-01
249564.7
585922.7
108991.6
73720.6
401444.5
521579.1
COS-02
1325.1
916.2
19.4
720.7
503.8
COS-03
1638.5
214.3
44.4
125.5
17.0
225.5
COS-04
8724512.0
14509950.8
COS-05
1585665.4
3999991.0
COS-06
2271920.7
8024799.5
COS-07
1.0
138.2
615.6
86.7
86.8
883.7
304.5
COS-08
123.5
44.9
8.5
5.4
CRE/MOS-01
2.1
258.7
141.6
368.3
CRE/MOS-02
2.0
329.4
34.1
123.3
64.7
92.8
CRE/MOS-03
2.3
358.6
13.9
204.1
80.1
CRE/MOS-04
122.7
1622.7
CRE/MOS-05
75.1
92.3
131.9
CRE/MOS-06
165.7
65.4
25.1
255.0
92.8
108.8
CRE/MOS-07
1.4
465.0
71.3
484.1
CRE/MOS-08
0.6
162.6
8.7
17.9
CRE/MOS-09
13.6
CRE/MOS-10
58.3
11.2
266.3
FACL-01
2.3
349.3
147.1
275.3
FACL-02
1773.7
68.1
95.8
8.7
FACL-03
0.4
0.2
492.7
88.5
132.2
83.8
FACL-04
14.9
414.8
1437.9
35.1
145.1
FACL-05
32.5
452.5
462.8
HAIR-01
0.9
458.1
20.7
6.6
HAIR-02
0.9
119.2
55.7
16.2
82.1
0.7
27.6
SHAV-01
47.8
262.3
13.0
340.2
SHAV-02
1.2
115.7
38.8
3.5
25.9
22.4
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