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Abstract:

Per- and polyfluoroalkyl substances (PFAS) are a diverse group of synthesized chemicals
used in a wide range of consumer and industrial products. It consists of a group of more than
4700 chemical compounds for which the characteristic perfluorinated carbon moiety confers
hydrophobic chemical properties and environmental persistence. Certain PFAS are also
intentionally added as ingredients in some cosmetic products, including lotions, cleansers, nail
polish, shaving cream, foundation, lipstick, eyeliner, eyeshadow, and mascara. These PFAS are
used in cosmetics to conditioning and smooth the skin, making it appear shiny, or to affect
product consistency and texture. Some common PFAS used as ingredients in cosmetics include
PTFE (polytetrafluoroethylene), perfluorooctyl triethoxysilane, perfluorononyl dimethicone,
perfluorodecalin, and perfluorohexane. These highly persistent and potentially toxic class of
chemicals, are added to cosmetics to increase their durability and water resistance.
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Introduction:

Since the 1950s, PFA compounds have been widely used in industrial products such as
fire-fighting foams and consumer goods such as coated fabrics, carpets, utensils and other food
packaging and many others. Some studies have reported the use of PFAS in cosmetics in
Europe and Asia. The PFAS in cosmetics can pose a risk to human health through direct and
indirect exposure, as well as pose a risk to ecosystem health throughout the life cycle of these
products. PFAS are used in various cosmetics products including lotions, cleansers, nail polish,
shaving cream, foundation, lipstick, eyeliner, eyeshadow, and mascara for their properties such
as hydrophobicity and film-forming ability, and are thought to improve product wear,
durability, and spreadability. Additional claimed benefits are increased skin absorption of the
product and improvements in the appearance or texture of skin. Some common PFAS used as
ingredients in cosmetics include PTFE (polytetrafluoroethylene), perfluorooctyl triethoxysilane,
perfluorononyl dimethicone, perfluorodecalin, and perfluorohexane. But these chemical are
highly persistent and potentially toxic in nature These synthetic chemicals consist
perfluorinated carbon moiety with hydrophobic chemical properties and environmental
persistence.. In this paper we will be discuss about the structure and adverse effects of PFA
compounds.

Chemical Structure and Classification:

Carbon can form up to four bonds with other atoms. In PFA compounds, Carbon (C)
attached with fluorine (F). This C-F bond is highly durable and a key factor behind the
problems posed by PFAS and is also the cause of its desirable technical properties. Polymers
that are made by repeating subunits called monomer are often used as starting materials for
the production of other PFA chemicals. The best known fluoropolymer is polytetrafluoroethylene
(PTFE), was discovered by Roy Plunkett on April 6, 1938. PFA is a semi-crystalline material
with a maximum achievable crystallinity of 60%. PFA chemicals can also exist in multiple
states such as acids, anions, cations, and salts that have important effects on their physical and
chemical properties. The anionic form is the most prevalent form in the environment. Non-
polymeric PFASs include perfluorinated and polyfluorinated materials. If carbon is bonded only
to fluorine excluding functional groups, it is said to be perfluorinated. While in polyflorinated,
some carbon bonds are bonded to functional groups or to something other than fluorine and is
also considered unsaturated with respect to F. Hydrogen is the most common other bond.
“PFAS” stands as a default plural acronym of PFA means "per- and polyfluoroalkyl substances"
and a single compound cannot be simultaneously unsaturated and saturated with respect to
fluorine. Both perfluoroalkyls and polyfluoroalkyls fall into classes with relatively similar
functional group behaviour. Two broad classes are fluoroalkyl acids and
fluoroalkanesulfonamides are related to perfloroalkyl family. These large classes are then
subdivided again based on functional groups/moieties. Interstate technology regulatory council
gave a broad classification for PFAS. There are over than 425 acknowledged nonpolymer moiety
classification groups.
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In 2017, Wang et al published an iconic chart covering the number of papers published on
various PFAS groups.

Literature reviewed for PFAS used in Cosmetics:

Various types of fluoroalkyl substances including perfluoroalkyl and polyfluoroalkyl and their
compounds or mixtures are used in cosmetic products. These fluorinated substances and
compounds contain residues of the basic perfluoroalkyl acids or perfluorocarboxylic acids
(PFCA). The most important PFCA is perfluorooctanoic acid (PFOA) with a perfluoroalkyl chain
of seven carbon atoms. Fluoroalkyl substances with longer perfluoroalkyl chains than PFOA are
considered to be very persistent, highly bio-accumulative and toxic. Fujii et al. (2013)
conducted a study on PFCA concentrations in different types of cosmetic products. They selected
24 different cosmetic products for face and nails, including nine different sunscreens, for which
the ingredient list indicated that the product contained either polyfluoroalkyl phosphate esters
(PAP) or other fluorinated substances. The study was conducted on cosmetic products purchased
in Japan. The results disclosed that 87% (13 out of 15) of cosmetic products (excluding
sunscreen), contains PAP or other types of fluorinated substances having concentrations of
PFCA. For sunscreens alone, this result was 89% (8 out of 9). The highest concentrations of
PFCA were found in sunscreens followed by foundation. The GSP Institute (2014) has prepared
an overview of fluoroalkyl substances and other fluorinated compounds in cosmetic products,
based on data from the Skin Deep database. In Sweden, Naturskyddsforeningen (2017) (Nature
Conservation Association) analysed 22 cosmetic products from nine different brands for PFAS
content. Out of the selected products PFAS was found in 20 of the products, with variation. One
product in particular contained large amounts of different PFAS. 17 products contained PFOA,
12 contained PFNA and 10 contained PFDA. Based on information from the above-mentioned
studies, a Lund University thesis (Henricsson, 2017) examined the presence of PFAS in
cosmetic products on the Swedish market. In the survey, 30 brands were selected for
examination, where ingredients lists for a total of 1,354 products in the categories sunscreen,
foundation, powder, moisturizer, eyeliner and eye shadow were reviewed. Out of the 1,354
products, 59 (4.4%) of the products had declared contents of PFA.

Hazardous effects of PFAS on human:

Studies on the prevalence of PFAS in cosmetics are scarce. According to published
studies, the content of certain PFAS—either as ingredients or impurities—in cosmetics ranges
from a few parts per billion to hundreds of parts per million. It may be difficult to detect and
quantify all PFAS that may be present in cosmetics since the chemical compound's unique
"fingerprint" or analytical standard may not be accessible.

There is also limited research on whether PFAS in cosmetics are absorbed through the
skin at levels that could be harmful to human health. . In a 2018 study the sole risk assessment
that has assessed the presence of PFAS in cosmetics was done by Denmark's Environmental
Protection Agency and focused on a few PFAS that were unintentionally present in cosmetics.
The study concentrated on five distinct PFAS contaminants that were found in the most variety
of cosmetic items and at reasonably significant levels. The scientists came to the conclusion that
the amounts of PFAS in each of the examined goods are not likely to endanger customers'
health. The low amount of information from this and other published studies prevents from
drawing firm conclusions about the potential health dangers of PFAS in cosmetics. A large
number of epidemiological studies have evaluated possible associations between perfluoroalkyl
exposure and a wide range of adverse health outcomes. However, most of the studies have
focused on PFOA and/or PFOS; fewer studies have evaluated a smaller number of potential
health outcomes for the remaining 10 perfluoroalkyls included in this toxicological profile. In
2017, the International Agency for Research on Cancer (IARC) classified perfluorooctanoic acid
(PFOA), as a possible human carcinogen based in part on weak epidemiologic evidence of
associations with kidney and testis cancers in people who had been exposed to the substance
frequently. Perfluoroalkanoic acids (PFCA) and their salts with different chain lengths can inter
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alia activate "peroxisome proliferator-activated receptor a" (PPARa) in liver cells, and therefore

they may cause peroxisome proliferation, enlarged liver and increased fatty acid oxidation, etc.

(Ikeda et al., 1985).

A toxicological profile developed by the Agency for Toxic Substances and Disease Registry

(ATSDR) and the Environmental Protection Agency (EPA) reported that based on a number of

factors the available epidemiological studies suggest associations between perfluoroalkyl

exposure and several health outcomes; however, cause-and-effect relationships have not been
established for these outcomes:

1. Pregnancy-induced hypertension/pre-eclampsia (PFOA, PFOS)

2. Increases in serum hepatic enzymes, particularly alanine aminotransferase (ALT), and
decreases in serum bilirubin levels (PFOA, PFOS, PFHxS)

3. Increases in serum lipids, particularly total cholesterol and low-density lipoprotein (LDL)
cholesterol (PFOA, PFOS, PFNA, PFDA)

4. Decreased antibody response to vaccines (PFOA, PFOS, PFHxS, PFDA)

These health outcomes include osteoarthritis in women less than 50 years of age (PFOA, PFOS).

Additionally, associations between serum PFOA and PFOS and decreases in glomerular

filtration rate and increases in serum uric acid levels and between serum PFOA, PFOS, PFHxS,

and PFNA and increased risk of early menopause have been observed; these effects may be due
to reverse causation, where the effect (disease) causes the change in serum perfluoroalkyl levels

(exposure).

Conclusion: Long time exposure with chemicals creates hazardous effects on health despite

use of chemicals increases day by day. Now- a-days cosmetics are also essential part of life in

females therefore avoiding use of chemicals is not possible but we need to prepare better
alternatives of these products and also avoid using those cosmetics that contains such
hazardous chemicals.

References:

1. Abbott BD, Wolf Cd, Schmid JE, Das KP, Zehr RD, Helfant L, Nakayama S, Lindstrom AB,
Strynar MdJ, Lau C (2007). Perfluorooctanoic Acid—Induced Developmental Toxicity in the
Mouse is Dependent on Expression of Peroxisome Proliferator—Activated Receptor-alpha.
Toxicol Sci 98(2): 571-581.

2. Chang, S. C., Das, K., Ehresman, D. J., Ellefson, M. E., Gorman, G. S., Hart, J. A., Noker, P.
E., Tan, Y. M., Lieder, P. H., Lau, C., Olsen, G. W., Butenhoff, J. L. (2008). Comparative
pharmacokinetics of perfluorobutyrate in rats, mice, monkeys, and humans and relevance to
human exposure via drinking water. Toxicol. Sci., 104: 40-53.

3. Chen, Y. M., Guo, L. H. (2009) Fluorescence study on site-specific binding of perfluoroalkyl
acids to human serum albumin. Arch. Toxicol. 83:255-261.

4. Chengelis, C.P., Kirkpatrick, J.B., Myers, N.R., Shinohara, M., Stetson, P.L., Sved, D.W.,
(2009a). Comparison of the toxicokinetic behavior of perfluorohexanoic acid (PFHxA) and
nonafluorobu-tane-1-sulfonic acid (PFBS) in cynomolgus monkeys and rats. Reprod. Toxicol.
217, 400-406.

5. Chengelis, C.P., Kirkpatrick, J.B., Radovsky, A., Shinohara, M., (2009b). A 90-day repeated
dose oral (gavage) toxicity study of perfluorohexanoic acid (PFHxA) in rats (with functional
observational battery and motor activity determinations). Reprod Toxicol 27: 342—-351.

6. Danish EPA (2015). Administrative overvejelser og fastleggelse af greenseveaerdier for

perfluorerede alkylsyreforbindelser (PFAS-forbindelser), inkl. PFOA, PFOS og PFOSA 1

drikkevand, samt jord og grundvand til vurdering af forurenede grunde (notat).

Miljeministeriet, Miljestyrelsen. Available at: http://mst.dk/media/91517/pfas-

administrative-graensevaerdier-27-april2015-final.pdf (Accessed January 2018) Das, K.P.,

Grey, B.E., Zehr, R.D., Wood, C.R., Butenhoff, J.L., Chang, S.C., Ehresman, D.J., Tan, Y.M.,

Lau, C. (2008). Effects of perfluorobutyrate exposure during pregnancy in the mouse. Toxicol

Sci, 105: 173-181.

Environ Int 114:12-20. http://doi.org/10.1016/j.envint.2018.01.027

8. Fujii Y, Harada KH, Koizumi A. 2013. Occurrence of perfluorinated carboxylic acids
(PFCAs) in personal care products and compounding agents. Chemosphere 93(3):538-544.

9. Fujui Y, Niuisoe T, Harada KH, et al. 2015a. Toxicokinetics of perfluoroalkyl carboxylic acids
with different carbon chain lengths in mice and humans. J Occup Health 57(1):1-12.
10.1539/joh.14- 0136-0OA.

10. Fujii Y, Niisoe T, Harada KH, et al. 2015b. Supplemental materials: Toxicokinetics of
perfluoroalkyl carboxylic acids with different carbon chain lengths in mice and humans. J
Occup Health 57(1):1- 12.

11. Henricsson, C. (2017). Forekomst av PFAS i kosmetiska produkter. En inventering av
produkter pa& den svenska marknaden, Lund Universitet, 2017. Available at:
http:/lup.lub.lu.se/luur/download?func=downloadFile&recordOId=8912114&file0O1d=891211
7 (Accessed September 2017

=~

95



PRINT ISSN 2319-1775 e-ISSN 2320-7876, www.ijfans.org
Volume.11, Issuel3, Nov- 2022

Research Paper IJFANS. All Rights Reserved,

12.

13.

14.

15.

16.

17.
18.

19.
20.

21.

22.

UGC CARE Listed (Group -I) Journal

Ikeda, T., Aiba, K., Fukuda, K., and Tanaka, M. (1985). The induction of peroxisome
proliferation in rat liver by perfluorinated fatty acids, metabolically inert derivatives of fatty
acids. J. Biochem. 98, 475-482

Iwai H, Hoberman AM (2014). Oral (Gavage) Combined Developmental and
Perinatal/Postnatal Repro-duction Toxicity Study of Ammonium Salt of Perfluorinated
Hexanoic Acid in Mice. Int J Toxicol 33: 219-237.

Iwai H (2011). Toxicokinetics of ammonium perfluorohexanoate. Drug Chem Toxicol; 34:
341-346.

Kang H, Choi K, Lee HS, Kim DH, Park NY, Kim S, Kho Y (2016). Elevated levels of short
carbon-chain PFCAs in breast milk among Korean women: Current status and potential
challenges. Environ Res 148: 351-359.

Kennedy GL Jr (1985). Dermal toxicity of ammonium perfluorooctanoate. Toxicol Appl
Pharmacol 81: 348-355.

Kennedy GL, Butenhoff JL,, Olsen GW, O'Connor JC, Seacat AM, Perkins RG, Biegel LB,
Murphy SR, Farrar DG (2004). The toxicology of perfluorooctanoate. Crit Rev Toxicol; 34:
351-384.

PFAS Exposure and Risk of Cancer. https://dceg.cancer.gov/research/what-we-study/pfas
Toke Winther et al(2018) Risk assessment of fluorinated substances in cosmetic products.
Ministry of Environ. And Food of Denmark.

Wang B, Zhang R, Jin F, et al. (2017). Perfluoroalkyl substances and endometriosis-related
infertility in Chinese women. Environ Int 102:207-212. http://doi.org/10.1016./j.envint
http://doi.org/10.1016/j.envint.2017.03.003.

Wang H, Yang J, Du H, et al. 2018. Perfluoroalkyl substances, glucose homeostasis, and
gestational diabetes mellitus in Chinese pregnant women: A repeat measurement-based
prospective study.

96


https://dceg.cancer.gov/research/what-we-study/pfas

