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Cosmetics, which are products applied to the human body to cleanse or improve the skin, face, nails, or hair, are intended to help
people feel more comfortable and healthy; however, components of these items can cause serious health and environmental issues.
They range from beauty pharmaceuticals such as makeup, hair sprays, and nail polishes, to hygiene products like deodorants,
and toothpaste. Some cosmetics have harmful and polluting chemicals included in their composition such as parabens, triclosan,
formaldehyde, and heavy metals. These toxins can catalyze the development of different diseases, including cancer, birth defects,
low fertility, and numerous others. Additionally, some of them can pollute the environment and cause damage to countless species
and to overall biodiversity. Sustainable alternatives for these cosmetics have been increasing in the beauty market. Ingredients
like essential oils, bacterial cellulose, and biosurfactants are becoming more present in products’ compositions. This literature
review analyzes different toxins contained in cosmetics as well as their sustainable alternatives. In addition, it describes the
impacts on the chemical industry if these replacements are widely adopted, examining the prices of goods, production costs,
and public opinion associated with this change. This information can help guide the beauty market into choosing less damaging

options for products and improving consumers’ and nature’s health.

Introduction

Cosmetics, such as makeup, skincare, nail products, and de-
odorants, have molded the beauty industry through time, and
have been playing important roles in society for many cen-
turies. For instance, lip cosmetics similar to lipsticks were first
developed by the Sumerians in 7,000 B.C, and the first mod-
ern soap was created by the Phoenicians in 600 B.C., consid-
ering that the idea of cleansing has existed for more than 4,000
years'. These recipes were passed through generations in the
last years, and are still being used and changed by contempo-
rary society.

Cosmetics have been increasing in popularity during the
past years. In 2022, the global cosmetics market obtained
growth of over 16% in comparison to 20212, evidencing the
popularity of these products. Hence, cosmetics play an impor-
tant role in a major beauty industry, being part of many peo-
ple’s daily lives, and contributing to the different businesses
and economies. However, a big percentage of the cosmetics
sold in the United States contains high levels of toxic indus-
trial compounds, and with the boost in this area, these products
are becoming more frequent. Researchers at the University of
Notre Dame concluded that more than 50% of the cosmetics
available in the United States contain toxins in dangerous con-
centrations=. For instance, some cosmetics contain large con-
centrations of parabens, triclosan, formaldehyde, heavy met-
als, and other toxins known for being harmful. Since 2009,

595 cosmetics producers have reported the use of 88 chemi-
cals in more than 73,000 products®. Not all of these ingre-
dients can be replaced with less toxic alternatives, but many
should be banned from cosmetics. The California Toxic-Free
Cosmetic Act (AB 2762-Muratsuchi) banned the use of 24 of
the most toxic chemicals on Earth in cosmetics and personal
care products®.

Decreasing the high concentrations of toxins by using less
harmful ingredients in cosmetics can help build a better beauty
industry with environmentally friendly and healthy products.
There are many possible alternatives for the use and produc-
tion of these toxic compounds, including different ingredients
and different industrial strategies. Sustainable cosmetics have
been gaining popularity for the past years, as the global sus-
tainable personal care market is expected to have a growth of
9.5% at a compound annual growth rate from 2022 to 20319,
The increase of this market could help different brands and in-
dustries to expand sales and production while being less pol-
luting and dangerous.

Toxins in Cosmetics

Parabens

Parabens such as methylparaben, ethylparaben, propyl-
paraben, butylparaben, and isobutylparaben are a class of
chemicals that have been used in pharmaceuticals and cos-
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metic products as preservatives due to their antimicrobial
properties. They are p-hydroxybenzoic acid esters.

Known for averting the growth of mold, bacteria, and
yeasts, parabens increase shelf-life and stability in cosmetics
like lotions, makeup, hair products, sunscreen, and antiperspi-
rants®. The paraben preservative capability is related to its
structure. As it is shown in Figure 1, different parabens have
different carbon chains, and past conducted studies proved that
the esters with the longest chains present better antimicrobial
potential®. Parabens are included in the Endocrine-Disrupting
Chemicals (EDCs), chemicals or mixtures of chemicals that
imitate, block, or interfere with the way the human body’s hor-
mones work, and are one example of petrochemical preserva-
tives. Particularly, the use of parabens like isopropylparaben,
isobutylparaben, phenyl paraben, benzyl paraben, and methyl-
paraben has been prohibited in cosmetic products (Regulation
(EU) No 358/2014). Additionally, the permitted highest level
of butylparaben and propylparaben has been reduced, and the
incorporation of these in products was forbidden (Regulation
(EU) No 1004/2014). Nonetheless, the consumption of these
chemicals is still considerably high due to their low price and
favorable properties.

Parabens are easily absorbed by the body by dermal or oral
exposure, where they are distributed systemically, metabo-
lized by esterases, and excreted in urine and bile'. They have
been detected in human tissues, blood, breast milk, placenta,
and urine. Similar to other EDCs, parabens, when exposed
to individuals, can be linked with poor reproductive health in
women'l, A recent study that obtained data from the Center
for the Health Assessment of Mothers and Children of Sali-
nas (CHAMACOS) associated urinary parabens concentration
with earlier breast development, pubic hair development, and
menarche in girls, and earlier genital development in boys",
Further, a reduction in the odds of live birth and an inferior day
three embryo condition have been correlated with paraben ex-
posure'l?. In spite of that, some recent studies’ results are not
consistent with the previously cited associations. One of the
The Environment And Reproductive Health (EARTH) Study
presented results that indicate that urinary paraben concentra-
tions are not associated with fertilization rates, mature oocyte
counts, and proportion of high embryos'Y. Some explanations
to this disagreement include a lower urinary paraben concen-
tration in some studies, and a misclassification of paraben ex-
posure, since they are short-lived chemicals.

Paraben exposure has also been related to the high incidence
of breast cancer. For instance, the 2005 annual quadrant fre-
quency of breast cancer in Britain describes that 54% of breast
cancers are located in the upper outer quadrant, and that this
percentage has been rising since 19794, A popular belief is
that this rate is solely associated to the slightly greater amount
of breast epithelial tissue in the region; however, studies show
elevated levels of genomic instability in outer regions of the

human breast, associating the increase in breast cancer to the
extensive use of cosmetic products in the underarm area’?.
Parabens have been identified in 99% of human breast tissue
samples, and their presence can stimulate sustained prolifera-
tion of human breast cells, and discourage the suppression of
breast cancer cell growth by hydroxytamoxifen. Additionally,
long-term exposure (more than 20 weeks) to parabens can re-
sult in an increased invasive activity in human breast cancer

cells, which can be associated with the metastatic process-=.

Triclosan

Triclosan (TCS) is a lipid-soluble organic compound, with an-
timicrobial properties. It is widely used in personal care prod-
ucts, such as shampoos, toothpaste, hand soaps, deodorants
and sunscreens, as a preservative (disinfectant or antiseptic)
to control bacteria spread. As it is shown in Figure 2, the
triclosan structure is composed of two functional groups: phe-
nol, which is a 5-chloro-2-(2,4-dichlorophenoxy), and ether,
which is a 2,4,4-trichloro-2-hydroxydiphenyl ether'%.

Nonetheless, its extensive use in products has as a conse-
quence the release of domestic sewage in the environment,
which is considered as the most crucial source of pollution®.
Because of its lipophilic nature, with low aqueous solubility,
TCS is not only omnipresent in aquatic systems, but also in
sediments, being one of the 10 most frequently detected or-
ganic compounds in wastewater pollutants®!#13 Conducted
studies obtained the concentrations of TCS in different situa-
tions: rivers contaminated by domestic or industrial wastew-
ater reported concentrations up to 177 ng/L, freshwater re-
ported concentrations up to 800 ng/kg, fishes contained max-
imum concentrations of 11.7 nmol/kg and certain plants that
were grown in soil with TCS concentration of 34.2 mol/kg dry
weight (dw) reported concentration of 31.8 mol/kg dw#19, In
addition, previous studies estimated over 110.000 kilograms
of released TCS into wastewater in the United States per year,
with the sources being life, industrial, and personal care prod-
ucts'#. These are of extreme importance, since the primary
fount of human exposure to triclosan is the use of products
like soaps and deodorants'Z.

Triclosan is one of the most toxic antibacterial chemical
compounds, resulting in prejudicial environmental problems
such as teratogenicity, hatching delay, and mortality in the
embryos and larvae of zebrafish, toxic consequences to algae
species, changes in the composition of bacterial communities,
and disruption of the endocrine system in fish, having poten-
tial to lead to its own bioaccumulation in plants, algae, and
animals®12. Furthermore, TCS can be transformed into other
derivatives, resulting in even worse consequences. Chlori-
nated compounds derived from TCS are highly poisonous and
even more toxic than triclosan itself, presenting great environ-

mental persistence and, sometimes, carcinogenic activities IKi}
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Fig. 1 Structure of the most common parabens in cosmetics’

Triclosan, when exposed to humans, can represent a huge
risk to health. TCS has many possible routes and ways of
achieving the humans and their systems. Since fishes, sea
animals and plants can accumulate TCS, alimentation can be
one of the routes to this exposure. In addition to food, breast
milk represents a big route of exposure to triclosan, placing
infants only on breastfeeding at risk. TCS concentration in
breast milk has already been described as high as 2.1 mol/kg,
and as young children have immature drug metabolizing path-
ways, they can be vulnerable to the impact of the chemical in
the body#. After disposal, triclosan drains into underground
and to surface waters. As a consequence, TCS can reach hu-
mans by contaminated water. In drinking water, TCS concen-
tration is normally below parts per billion, not representing
health risks to humans. However, in some studies, these levels
have been discovered as higher than the estimated acceptable
daily consumption, which is 0.17 nmol/kg per day"%.

Formaldehyde

Formaldehyde (FA) is an aliphatic aldehyde and is commonly
used in cosmetics such as eyelash glue, makeup, nail polish,
and hair straightening treatments. It has a relatively low cost
and a high purity, being one of the most important industrial
chemicals'®. However, FA is commonly known for presenting
risk to serious health problems because it is carcinogenic®.

Following the United States, European Union, and Gen-

H

eral Staff Officer legislations, a maximum of 0.2% w/w (2000
ppm) of free formaldehyde concentration is allowed in cos-
metics and household products!®. In spite of that, past studies
evaluated some products as exceeding this quantity, with con-
centrations up to 0.72% (in EU products)?.

The continuous and prolonged exposure to FA is linked with
diverse health problems, such as various types of cancer, aller-
gies, and mutagenic effects®. Previous studies have also sug-
gested that FA can contribute to the excess of tumors in tis-
sues that are in direct contact with the chemical. One specific
study, for instance, reported 13 observed cases of nasopha-
ryngeal cancer in the high-exposure category while only 6.3
were expected. This result evidenced a huge rise in the rel-
ative risk of developing the cancer, which is statistically sig-
nificant?’. In addition, long-term exposure to FA can lead to
an increased chance of myeloid leukemia progression“!. As a
consequence, formaldehyde products can boost the intensity,
or even cause serious health conditions.

Heavy metals

Heavy metals are metals with high densities and atomic
weights or numbers, such as arsenic, cadmium, mercury, lead,
chromium, titanium, and zinc. Some of them are essential for
humans in small quantities, like iron, providing nutrients to
the body’s system. However, when offered in higher quanti-
ties, they can be very toxic#%%3.
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Fig. 2 Structure of triclosan'l#

Heavy metals are applied to different types of cosmetics,
like skin whitening products, face creams, deodorant, eye
cleansers, shampoos, and makeup?%%%. The frequent expo-
sure to heavy metals by cosmetic products can result in their
absorption through the skin and systemic exposure, which has
been linked to various health problems. They can cause the in-
activation of regulatory molecules and inhibition of the neuro-
transmitter?. As shown in Figure 3, cancer, reproductive and
developmental disorders, neurological, cardiovascular, blood,
skeletal, immune system, kidney, lung and renal problems,
and hair loss can be associated with this frequently high con-
tact?32%. The image also presents many other risks and condi-
tions that the constant exposure to heavy metals can cause in
humans’ systems.

Additionally, heavy metals also pose several environmental
risks. Due to their long-term persistence in the environment,
significant levels of some metals can accumulate in the food
chain. When in sediments and soils, these can pass to aquatic
habitats, groundwater, and plants, leading to the accumulation
of these toxins in animals and humans, through the transfer
process?*2%. These bioaccumulations in living beings can re-

'C-\‘

sult in toxicity and ill-effects on biota, causing death of fishes
or other aquatic animals. As a consequence, the diversity of
species and the ecological balance are compromised*’.

Phenoxyethanol

Phenoxyethanol is an organic compound with preservative and
antimicrobial capabilities, acting against bacteria, and yeasts.
It can be used in products like lotions, makeup and creams. As
specified by the European Scientific Committee on Consumer
Safety, phenoxyethanol is safe for all consumers at a concen-
tration of 1% in cosmetics, when used as a preservative. Fur-
thermore, it is not a volatile chemical, and is not classified as a
reproductive toxicant2%, As a consequence, it is considered by
some producers and consumers as a safe alternative for other
toxic and unhealthy preservatives.

However, some published information and data conflict
with the phenoxyethanol safety. The chemical has already
demonstrated toxicity to the liver, to the kidney, and to corneal
and conjunctival epithelial cells. Besides, it can also present
risk to human meibomian gland epithelial cells (HMGECsS).
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Fig. 3 The effects of heavy metals in different humans organs

Past research showed that a brief exposure to phenoxyethanol
can lead to notable reduction of the activity in the PI3K-
PKB/Akt pathway- a signal transduction pathway- as well as
cellular death??59, Aga consequence, this chemical can not be
addressed as only and primarily a safe product for cosmetics,
and its negative impacts need to be considered.

Sustainable Alternatives

Essential oils

Essential oils (EOs) are constituted by the mixture of differ-
ent volatile hydrocarbons, being products of the secondary
metabolism of plants and having the property of emanating a
scent*12_ EOs contain an efficient antifungal and antibacte-
rial action, being a great alternative for petrochemical preser-
vatives and for parabens and triclosan“?. Due to their aroma
and fragrance compounds, they have the ability to kill germs
or interrupt their growth, being effective preservatives. Es-
sential oils also present other benefits, such as a rise in col-
lagen production and an intensification of the treatment of
skin dyschromia®2. EOs have in their composition monoter-
penes, sesquiterpenes, oxygenated monoterpenes, oxygenated
sesquiterpenes, phenolics, and other hydrocarbons that can
prevent the carcinogenesis process in the initiation and the
progression stages=~.

As for the environment, essential oils are much less toxic

BRAIN

-Headache

-Increase in strokes, brain ischemia
-Neuro-degencrative illnesses
-Cognitive disorders

HEART
-Changes in heart function
-Increase in heart rthythm problems

REPRODUCTION
-Fertility problems
-Miscarriage

-Foetal growth problems
-Premature birth

-Low birth weight

than chemicals like parabens, holding some characteristics
that can bring benefits to nature. For instance, EOs contain
repellent activity due to the presence of monoterpenes and
sesquiterpenes, being natural environmentally friendly sub-
stitutes for synthetic chemicals used to control insects and
arthropods=%.

Essential oils have been tested and defined as safe alterna-
tives for toxins in cosmetics, as it is shown on Table 1. Never-
theless, some of these oils are more likely than others to cause
unfavorable reactions in humans. For example, some oils can
contain higher concentrations of allergens or adulterants, and
the oxidation of their compounds can cause skin reactions be-
cause of the oxides and peroxides formed=>. However, these
risks represent only a possibility, not describing a response
that every user would have.

Bacterial Cellulose

Bacterial cellulose (BC) is a biodegradable polymer that is a
sustainable alternative for diverse toxins in cosmetics, such as
synthetic polymers=¢. Differing from plant cellulose, bacterial
cellulose has a thin structure, a high degree of crystallinity,
and is inert to human metabolism“%. Known for its proper-
ties, such as purity, high porosity, water retention, and skin
adhesion, BC can be used in the composition of facial masks,
scrubs, and personal cleansing formulations, increasing the
skin’s hydration378.
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Compound Role in Cosmetics

Benefits

Risks

Parabens (toxin)

* Antifungal and
antibacterial action

* Have been
related to the
high incidence
of breast cancer
and poor
reproductive
health in
women

* Increase shelf-life and
stability in cosmetics

Triclosan (toxin)

* Antifungal and
antibacterial action

* Antimicrobial properties * Release of
domestic
sewage in the
environment
(pollution)

» Risk to human
health

Essential oils
(sustainable

; * Antifungal and
alternative)

antibacterial action

* Rise in collagen * Can cause
production unfavorable
skin reactions

¢ Intensification of the on humans

treatment of skin
dyschromia

¢ Can prevent the
carcinogenesis process in
the initiation and the
progression stages

Table 1 Differences between parabens, triclosan, and essential oils

Considering its structure, bacterial cellulose allows benefi-
cial cosmetics’ ingredients to penetrate better on the skin"®.
Since it guarantees a moist environment and ideal conditions
for tissue regeneration, BC has been also used for a long
time in wound care, including reconstitution of burnt and cut
skin®73%, Past studies proved BC’s potential as a skin wound
healing material, a treatment for diseases in the oral cavity,
and a hydrating compound for human skin, without present-
ing any harm“’. As a consequence, the BC production by
microorganisms does not indicate risks and is considered ben-
eficial for the environment, making the polymer a sustainable

alternative for other toxins®L.

Biosurfactants

Biosurfactants are amphipathic molecules, and their origin is
from microbials. Surfactants are compounds that can be used
as cleaning, emulsifying, wetting, and suspending agents,
foam boosters, and solubilizers*2. In cosmetics, they are
mainly applied in detergents and soaps, once they have the
capability of reducing the tension between phases, making the
cleaning process and hygiene possible. However, surfactants
are synthesized chemically, being toxic ingredients. Addition-
ally, they have a persistent nature, and their constant use can
result in environmental problems. As a consequence, biosur-
factants represent a sustainable alternative for these toxins,
once they can easily be degraded by microorganisms, can be
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produced from cheap raw materials, and present low toxic-
ity3.

Furthermore, synthetic surfactants are more aggressive to
the skin, causing irritation, allergies, reduction of skin barrier,
and increase of transepidermal water loss. Microbial surfac-
tants present low skin toxicity, and extensive adaptability to
different pHs, temperatures, and salinities, being healthier for

humans®,

The Cosmetic Industry

During the past years, the sale of toxic cosmetics has been de-
caying, and sustainable, environmentally friendly and healthy
products have been increasing their popularity. American leg-
islators proposed the ”Safe Cosmetics Act of 20117, suggest-
ing that the United States Food and Drug Administration en-
sures that all cosmetics and other beauty products do not have
harmful ingredients in their composition, which must always
be clear on the packaging. Besides, the proposal demands that
the use of chemicals related to cancer, birth defects, and other
health problems is banned from the production of cosmetics*>.

However, toxic products continue to be sold. They are
largely sold for people who live in “underdeveloped geograph-
ical areas” and/or areas with a large Black community*®, Ac-
cording to a past research made in Boston, 50% more of the
hair products sold and available in a predominantly Black
and poor neighborhood (Roxbury) were considered prejudi-
cial to human health compared to the products sold in a neigh-
borhood with less Black and poor residents (Beacon Hill)#Z.
Therefore, more sustainable products need to be implemented
in these areas, and their populations must obtain acknowledge-
ment about the cosmetics they consume.

Changes in the compositions of cosmetics can influence the
consumers behavior, the industry’s costs, the selling prices,
the product’s chemical production, and countless other fac-
tors. Past conducted studies proved that while buying sus-
tainable cosmetics and other products, consumers feel that
they are helping nature by making a positive contribution®.
Other studies showed that protecting the environment is not
a priority, but health, ego, self-expression, and status display

re*?. Either way, safe, certified and environmentally friendly
products have been progressively demanded by consumers®.
Offering the sustainable option can contribute to the buyer’s
health. As the customers will most likely feel positive about
the purchase, independently of the reason, they will proceed to
look for more healthy options in the market, helping not only
the environment, but also their own well-being.

The application of new green ingredients can also benefit
the producers. For instance, biosurfactants can be obtained
by the use of very cheap raw materials that are available in
huge quantities. For example, hydrocarbons, carbohydrates,
and lipids can be the source for the carbon?. Furthermore,

bacterial cellulose production is majorly made by the use of
Henstrin-Schramm medium, a composition to grow Koma-
gataeibacter, and this method represents a high cost to the in-
dustries. However, the implementation of agro or industrial
wastes has been proven effective for the production of sus-
tainable BC and represents a cost-effective alternative®”. In
short, these costs can contribute to a cheaper production, and
consequently, to an advantage of beauty brands.

It is not easy, however, to transform the production of toxic
cosmetics into the production of sustainable ones. As it is
shown in Figure 4, there are many points and factors that
should be considered when idealizing the adaptation.

Cosmetics small and medium industries can face differ-
ent challenges when transitioning to sustainability®%. For
instance, keeping up with productivity while creating high-
quality products with limited workforce skills and old equip-
ment can present numerous difficulties for the industries®>.
However, by improving the manufacturing process and the so-
cial/ environmental benefits, and increasing demand and finan-
cial production, it is possible to succeed>.

Conclusion

The use of and exposure to toxins like parabens, triclosan,
formaldehyde, and heavy metals can result in serious compli-
cations in both humans and nature. For humans, these chemi-
cals can aggravate or initiate conditions like different types of
cancer, reproductive disorders, cardiovascular, immune sys-
tem, kidney, lung, and renal problems, among numerous oth-
ers. Furthermore, these toxins can harm the environment, gen-
erating their own accumulation and pollution. Considering
these consequences, sustainable cosmetics can benefit the con-
sumers a lot, helping them reach a better health and build bet-
ter conditions for life. These alternative products can also as-
sist the producers. Understanding what ingredients and chem-
icals can be prejudicial for the population’s health or for the
environment can avoid the production of many toxic cosmet-
ics, averting the increase or aggravation of different diseases
or conditions, and natural problems. Moreover, these solu-
tions can be cost effective for the industries, also contributing
to the sales, as it is proven by the obtainment process of biosur-
factants and bacterial cellulose, which can be cheap and eco-
nomic. Alternatives like essential oils, bacterial cellulose, and
biosurfactants prove that cosmetics’ properties can still exist
independently of what are the compounds in their composi-
tion, and how they were obtained. It is also important to make
sure that a possible solution does not create new problems,
as it is the case of phenoxyethanol, which can also be toxic
in some contexts. The increase in production and distribution
of sustainable cosmetics will lead the way to a better envi-
ronment and future, as less ecological issues will be caused
by toxins and less negative health impacts will be suffered by
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Fig. 4 Industry and production factors that must be considered during the transition

the consumers. These products not only do not present harm
to nature and to different species, but are also safe for hu-
mans. Consequently, sustainable cosmetics are an attractive
solution to a polluting and damaging already existing market,
contributing to a more environmentally friendly and healthy
beauty industry.
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