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Abstract: UV filters are the shield ingredients of sunscreens against the negative effects of solar
radiation. Since the discovery of the first UV filter, nearly 30 filters have become commercially
available. Over the years, innovation and regulatory updates have driven their use by the cosmetic
industry. This work aimed to characterize commercial sunscreens and unveil the main trends by
analyzing the labels of 444 sunscreen formulations that are currently being marketed. Avobenzone,
octocrylene, and bis-ethylhexyloxyphenol methoxyphenyl triazine were the three UV filters with
the highest usage frequencies (>40%). Emulsified preparations and sprays were the preferred forms,
while the most frequent SPF was 50+. Differences were noted between adult and children’s sunscreens,
namely the higher usage of inorganic filters for the latter. Over the past few years, the five most
used UV filters remained the same, but octocrylene, ethylhexyl salicylate, and nano methylene
bis-benzotriazolyl tetramethylbutylphenol had decreased usage. An increasing tendency towards the
use of the inorganic UV filter titanium oxide was also observed. Overall, this study characterized the
true market impact of approved UV filters and how the market has evolved over recent years. This
insight can help pave the way for the design of new UV filters and is helpful for the assessment of
environmental risks.

Keywords: UV filters; sunscreens; cosmetics regulation; market trends; formulations; SPF

1. Introduction

The noxious impact of solar radiation was known to many ancient civilizations, and
individuals consequently tried to avoid photo-induced damage. Egyptians used natu-
ral extracts such as almond oil, calcite powder and clay, rice, and jasmine due to their
photoprotective and healing properties [1–3]. Greeks protected themselves with oils and
sands containing minerals during exercise, and these were later used in India for medicinal
purposes [1,4,5]. Experimental studies about the damaging effects of UV radiation (UVR)
in skin started in the early 1800’s [3]. Twenty years later, Everard Home researched the
ability of a group of substances to absorb UVR. Acidified quinine sulfate (AQS) was the first
compound that was proven to reduce sunburns induced by UVR [5]. After that, Friedrich
Hammer, in 1891, combined AQS in lotions and created the first sunscreen [4]. The devel-
opment of UV filters progressed, and, in 1894, Paul Unna and Dubreuilh confirmed that
some skin disorders, such as erythema and skin cancer, were associated with excessive
sunlight exposure without protection [5]. With this evidence, Hausser and Vahler started
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their research in this field, culminating in 1928 with the creation of the first formulation
offering UVB protection, an emulsion containing benzyl cinnamate and benzyl salicy-
late [2,6]. Despite all these advances, the first commercially available sunscreen was only
marketed in 1935, a creation of Eugene Shueller, the founder of L’Oréal. This sunscreen was
called “Ambre Solaire” and contained benzyl salicylate [3,7], the same UVB filter present in
Hausser and Vahler’s formulation [2,6]. In the 1940’s, p-aminobenzoic acid (PABA) and
its derivatives were studied, with PABA derivatives revealed to be more efficient, namely
the mono and dialkyl PABA ester derivatives [8]. Over the years, other methodologies
were developed to prove the effectiveness and safety of UV filters. PABA was confirmed to
be photounstable and a promotor of allergic reactions [9]. Further research confirmed its
low photostability, as well as toxic effects, culminating in its ban in the European Union
in 2008 [10]. In 1969, the dangerous effects of UVA radiation for the skin became more
apparent [11]. The first UVA filters available were benzophenone derivatives. In 1980, only
1% of European sunscreens contained this substance, though this had increased to 35%
ten years later [12]. It is important to mention that after the creation of the first sunscreen
formulation, “Ambre Solaire”, this research topic stimulated the scientific community and
increased the desire to understand the mechanisms behind sunscreen activity.

Sunscreens are products used worldwide but with different definitions and classi-
fications across countries. The United States of America (USA), New Zealand, Canada,
and Australia apply the drug regulations to sunscreens [13]. In contrast, in China, Japan,
South Africa, and in some countries in South America, sunscreens are regulated as cosmetic
products, similarly to the European Union (EU) [13]. UV filters are defined in Cosmetic
Regulation (EC) n◦ 1223/2009 as “substances which are exclusively or mainly intended
to protect the skin against certain UV radiation by absorbing, reflecting, or scattering UV
radiation” [14]. Annex VI of this regulation mentions the list of approved UV filters for
cosmetic use, with a total of 28 compounds being listed, including two inorganics (zinc
oxide (ZnO) and titanium oxide (TiO2)), which can be present in non-nano or nano forms,
and 26 organic UV filters. Of all the 26 organic UV filters, bisoctrizole and trisbiphenyl tri-
azine can also be present in nano forms. One of the controlled parameters is the maximum
concentration allowed in the formulation. Over the years, some alterations to the list of
European approved UV filters were noted, including both approvals and withdrawals. In
2015, the EU removed 3-benzylidene camphor from the list of approved UV filters because
of its toxicity towards marine organisms [15] and endocrine-disruptor potential [16]; in
contrast, ZnO was approved in the following year (2016) [13,14,17]. Additionally, the
effectiveness of the sunscreen formulations should be tested by standardized testing meth-
ods, namely ISO guidelines which include in vivo methods for determination of UVB
SPF [18,19], in vitro and in vivo evaluation of UVA protection [20–22], and also evaluation
of the water resistance of the product [10,23]. Considering the importance of the market
characterization of sunscreens and in order to understand the usage frequency of UV filters
in these photoprotective formulations, this work aims to provide readers with a market
study focused on products commercialized in 2021 in pharmacies and parapharmacies.
The usage frequency of UV filters was also evaluated with regard to adults’ and children’s
photoprotective formulations. The evolution of UV filters was assessed with a comparison
of sunscreens launched in 2015, unveiling the main trends and their underlying causes.

2. Materials and Methods
2.1. Data Collection

Label information was collected from a pool of 444 sunscreen formulations (379 for
adults and 65 for children) from 43 international cosmetic brands marketed in Portuguese
parapharmacies and pharmacies in 2021. Analysis of this composition was carried out
by identifying the UV filters in the label. Information regarding galenic forms and SPF
was also compiled. All the information available in the product labels was collected,
along with information available on the manufacturers’ websites. Considering UV filter
characterization, it is possible to group UV filters into organic or inorganic filters, and
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further group them according to their ability to absorb UVR or their classification as UVA
and/or UVB filters. To analyse the evolution of the usage of UV filters, a comparison
was performed among the sunscreens marketed in the same distribution channel in 2015
(205 sunscreens for adults and 31 for children). Each UV filter was searched for on the
PubMed, Scopus, and Farmácias Portuguesas online databases using the keywords “INCI
name”, “sunscreens”, OR “UV filters”.

2.2. Data Analysis

The UV filters contained in sunscreens were listed according to International Nomen-
clature of Cosmetic Ingredient (INCI) names. The collected data were analyzed regarding
the UV filters and their association, galenic forms, and SPF value. The number of sunscreen
products containing UV filters on their labels was evaluated and expressed as a percentage.
The UV filters were identified according to INCI lists and ranked in descending order of
occurrence to disclose the most used UV filters. The association of UV filters in terms
of being only organic, only inorganic, and organic and inorganic was also studied, and
presented as a percentage, for adult and children’s sunscreens separately. The galenic
form of the sunscreen formulations was also unveiled for adult and children’s sunscreens.
Sunscreens were also studied, grouped, and analyzed according to their SPF value.

3. Results
3.1. Usage Frequency of UV Filters in Sunscreens for Adults and Children

Among the 28 UV filters approved by Regulation (EC) n◦ 1223/2009, 24 were identified
in the market study performed. Through the analysis of adult sunscreens, a higher usage of
organic UV filters was observed (20 of the 24, Figure 1) when compared to inorganic filters,
including both nano and non-nano forms (4 of the 24, Figure 1). Avobenzone (BMDBM),
octocrylene (OC), and bis-ethylhexyloxyphenol methoxyphenyl triazine (Tinosorb S®) were
the three most frequently used UV filters with percentages that varied between 45% and
75%, all belonging to the organic UV filters category (Figure 1).

Avobenzone, also known as BMDBM, is widely used in adult sunscreens and had
a usage frequency of 73.9%. This UV filter absorbs UVA radiation, conferring protection
against one of the most harmful radiations that is directly associated with skin photoaging
and indirect damage to DNA through stimulation of the production of reactive species,
inducing an oxidative stress process [24]. Octocrylene (51.7%) and bis-ethylhexyloxyphenol
methoxyphenyl triazine (47.5%), which absorb UVB and UVA/UVB radiation, respectively,
were also frequently used in adult sunscreen formulations. Ethylhexyl triazone (EHT)
(38.0%) and ethylhexyl salicylate (EHS) (35.9%), ranked fourth and fifth, are also UV filters
with the ability to absorb UVB radiation.

Photostability is critical for the effective photoprotective action of the UV filters.
Nevertheless, some currently used UV filters have demonstrated low photostability [17].
Avobenzone is photounstable and suffers photoisomerization and/ or photodegradation
when exposed to UVR [25]. Phenacyl and benzoyl radicals are the main photodegradation
products formed; however, their combination could generate more reactive and toxic
species for human beings and the environment [25,26], thus losing its photoprotective
action [25]. Additionally, octocrylene was recently reported for its transformation through
retro-aldol condensation into a phototoxic benzophenone derivative [27]. Interestingly,
some UV filters could act as photostabilizers. Octocrylene and bis-ethylhexyloxyphenol
methoxyphenyl triazine filters are examples of UV filters that possess dual activity, acting as
photoprotective agents against UV radiation but also as photostabilizers of other filters, such
as avobenzone [28]. Octocrylene has been reported to prevent around 50% of avobenzone’s
degradation after 1 h of UVR exposure [29]. It is important to highlight that these three
UV filters exhibit a high percentage of use, probably not only for their photoprotective
activity, but also for the advantageous effects when combined together. Additionally, the
combination of avobenzone with octocrylene could amplify photoprotective action towards
both regions of the UV spectrum (UVA and UVB), ensuring broad-spectrum action. Bis-
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ethylhexyloxyphenol methoxyphenyl triazine (broad-spectrum UV filter) and ethylhexyl
triazone (strong UVB absorber) appear in third and fourth, respectively. These filters were
two of the last five UV filters approved by European regulations and have been observed
exhibiting effective protective action against UV radiation and good photostability [30].
This has led to these filters gaining special attention from cosmetic industries, pushing the
demand for expanded production capacity [31]. Regarding inorganic UV filters, nano-sized
TiO2 is much more frequent in adult sunscreens than non-nano form TiO2, and the latter
is the inorganic UV filter with the highest usage frequency (24.5%). The approved use
of the nano forms of certain UV filters was only observed after 2010. In 2014, the first
nano UV filter, tris-biphenyl triazine, was approved for use in the EU [14]. Zinc oxide
(2016) and nano-sized methylene bis-benzotriazoyl tetramethyl butylphenol (MBBT) (2018)
have also been approved in recent years [32,33]. More recently, in 2019, the European
Commission amended the entry regarding the nano form of TiO2 as a UV filter in Annex
VI [30,34,35]. Reducing particle size from micro to nano particles decreases the appearance
of white residue after skin application, which consequently improves the attractiveness of
the product [36].
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dibenzoylmethane, OC: octocrylene, Tinosorb S®: bis-ethylhexyloxyphenol methoxyphenyl tri-
azine, EHT: ethylhexyl triazone, EHS: ethylhexyl salicylate, DHHB: diethylamino hydroxybenzoyl
hexyl benzoate, EHMC: ethylhexyl methoxycinnamate, DBT: diethylhexyl butamido triazone, DTS:
dometrizole trisiloxane, PBSA: phenylbenzimidazole sulfonic acid, Tinosorb M®: methylene bis-
benzotriazolyl tetramethylbutylphenol, TDSA: terephthalydidene dicamphor sulfonic acid, MBC:
4-methylbenzylidene camphor, PS15: polysilicone-15, IMC: isoamyl p-methoxycinnamate, DPDT:
disodium phenyl dibenzimidazole tetrasulfonate, TBPT: tris-biphenyl triazine, Triasorb®: phenylene
bis-diphenyltriazine.)

Regarding the analyzed children’s sunscreens, the most used organic filters are es-
sentially the same as those used in adult photoprotective formulations (Figure 2). The
inorganic filter TiO2 (non-nano form) is much more used in children’s sunscreens, increas-
ing from 6.07% to 35.4% when compared to the photoprotectors used for adult formations.
A lower number of UV filters was used in sunscreens for children (21 UV filters) com-
pared to the adults’ sunscreens (24 UV filters). Isoamyl p-methoxycinnamate, tris-biphenyl
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triazine, and phenylene bis-diphenyl triazine were the UV filters included in the adults’ UV-
protective formulations but not in children’s sunscreens. The photosensibilization potential
of isoamyl p-methoxycinnamate has been previously reported, which may account for the
observed difference.
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Figure 2. Frequency of use for the different UV filters in sunscreens for children. (BMDBM: butyl
methoxydibenzoylmethane, EHT: ethylhexyl triazone, EHS: ethylhexyl salicylate, Tinosorb S®: bis-
ethylhexyloxyphenol methoxyphenyl triazine, OC: octocrylene, DHHB: diethylamino hydroxyben-
zoyl hexyl benzoate, DBT: diethylhexyl butamido triazone, PBSA: phenylbenzimidazole sulfonic
acid, DTS: dometrizole trisiloxane, HMS: homosalate, EHMC: ethylhexyl methoxycinnamate, MBC:
4-methylbenzylidene camphor, TDSA: terephthalydidene dicamphor sulfonic acid, PS15: polysilicone-
15, Tinosorb M®: methylene bis-benzotriazolyl tetramethylbutylphenol, and DPDT: disodium phenyl
dibenzimidazole tetrasulfonate.)

3.2. Association of Organic/Inorganic UV Filters in Adults’ and Children’s Sunscreens

The existence of sunscreens with only organic UV filters, with only inorganic UV filters,
or with both organic and inorganic filters was also explored (Figure 3). The association
of diverse organic UV filters in the same product, such as octocrylene and avobenzone,
has been confirmed as beneficial regarding stability, safety, and effectiveness [37]. Clin-
ical studies performed to understand the effects of the combination of octocrylene with
avobenzone demonstrated that it is non-phototoxic and non-photo-allergenic and provided
evidence of broad photoprotective activity [38]. Regarding the combination of UV filters
in adults’ sunscreens, the use of only organic UV filters (234 of 379) is more common,
with a percentage of 61.7%, followed by photoprotectors containing both organic and
inorganic filters (122 of 379) with 32.19%. Generally, organic and inorganic UV filters
are used in association to boost photoprotective action, thus ensuring protection against
UVA and UVB radiation and higher SPF. Regarding children’s sunscreens, among all
the products marketed for paediatric use, photoprotectors containing only organic filters
(30 of 65) represented 46.1%. A significant increase in the use of organic–inorganic filters
(28 of 65) in children’s sunscreens (43.1%) was observed compared to their usage in adults’
sunscreens (32.2%). This variation could be justified by the ability of the inorganic filters to
absorb, reflect, and disperse UVR, thus promoting higher SPF values [39]. The existence of
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products incorporating only inorganic UV filters is also higher among children’s sunscreens
(10.8%) than in adults’ photoprotectors (6.07%). As mentioned before, this finding could
be explained by the need to afford higher photoprotection to children, which requires the
use of sunscreens with higher SPF values. Some studies have also reported that the use
of organic UV filters in skin care products from an early age increases the probability of
developing sensitization reactions [40].
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3.3. Galenic Forms in Adults’ and Children’s Sunscreens

The correct choice of vehicle is also very important for the acceptance of the formu-
lation by the consumer. For people to maintain a regular photoprotective routine, and
therefore enjoy its beneficial effects, the application of the product should be easy and
lead to a pleasant sensation on the skin. The application of an appropriate amount of the
cosmetic formulation and the renewal of the application are key factors for maximizing
protective effects. Formulations come in various physical forms. When analyzing the
different sunscreen products, the galenic form designations that were used were those
attributed by the brands and mentioned on the packaging labels.

Various forms were found, namely cream, fluid, lotion, spray, emulsion, mist, gel,
mousse, gel cream, oil gel, oil, and stick forms. An overlap in the names used by the
different commercial brands was also noticed. More specifically, names such as milk, lotion,
cream, cream-gel, and emulsion are all emulsified preparations, except for lotion, which
can be an emulsion or another type of liquid preparation, such as a suspension or solution.
Given this categorization, emulsified preparations appear as the main galenic form of
sunscreens for adults, while spray is the most frequent for children (Figure 4). The galenic
forms most commonly found in adult and children’s sunscreens were cream (24.5% and
15.4%), fluid (18.7% and 29.2%), spray (16.6% and 32.3%), lotion (11.4% and 6.15%), and gel
(6.33% and 615%). Oil, stick, and oil gel were only present in adults’ sunscreens, with a
usage frequency under 6%.

Sprays are easy to apply on children, hence they were the forms most common in
children’s photoprotectors, while creams are the best for dry skin conditions [41]. The main
disadvantage of using a spray form are inadequate application, which could diminish the
photoprotective action towards UVR, and toxic effects after inhalation [42]. For this reason,
in 2019, the European Union cosmetics regulations amended a restriction to the use of nano
form TiO2 in spray products in the list of European approved UV filters [13,30].
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3.4. SPF Values in Adults’ and Children’s Sunscreens

The SPF values of the analyzed sunscreens varied between 15 (minimum) and 50+
(maximum) (Figure 5). The maximum value (SPF50+) was the most frequently found
both for adults’ (59.4%) and children’s sunscreens (81.5%). It is important to highlight
the absence of sunscreens with an SPF below 30 in paediatric photoprotectors, as well as
residual use in adult sunscreens. The percentage of products containing SPF 30 in adults’
sunscreens (24.5%) is higher than the next protection available, SPF 50 (11.1%), but much
lower than that of SPF50+ products (59.4%).
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According to European recommendations regarding sunscreens, the minimum labelled
SPF should be 6 and the maximum 50+. The number of SPF levels should be restricted to
eight (SPF 6, 10, 15, 20, 25, 30, 50, 50+) to facilitate comparison between different products
without reducing consumer choice [30]. Their effectiveness must be indicated on the label
with reference to the following categories: “low” (SPF 6 and 10), “medium” (SPF 15, 20,
and 25), “high” (SPF 30 and 50), and “very high” (SPF 50+) [2]. With growing consumer
awareness of the damaging effects of UVR, there is an increased demand for high SPF
photoprotectors (30, 50 and 50+) [2]. In response to this recent and growing concern,
manufacturers are marketing sunscreen products with very high SPF values, thus justifying
the absence of sunscreens categorized with low SPF protection in this study. Currently, the
maximum numerical indication, expressed as 50+, has been agreed upon, as it is understood
that SPFs above this value could mislead consumers.

3.5. Evolution of the Use of UV Filters

When compared to 2015, the top five UV filters in sunscreens marketed in 2021 re-
mained the same (Figure 6). It is relevant to highlight that avobenzone was the most used
organic UV filter in both periods of analysis, with usage frequencies higher than 65%. On
the contrary, a change in the usage frequency of bis-ethylhexyloxyphenol methoxyphenyl
triazine, ethylhexyl salicylate, and octocrylene was observed. The usage frequency of
bis-ethylhexyloxyphenol methoxyphenyl triazine (Tinosorb S®) (2015: 24.6% and 2021:
45.3%) almost doubled in a timespan of six years, probably due to its high photoprotec-
tive effectiveness. This triazine UV filter is a broad-spectrum photoprotective agent, and
additionally possesses interesting photostable characteristics that make it a good pho-
toprotective and photostabilizing agent of unstable UV filters, which might explain the
increased usage. In contrast to what happened to triazine UV filters, the usage of ethylhexyl
salicylate (2015: 39.4% and 2021: 36.9%) and octocrylene (2015: 51.7% and 2021: 48.4%)
decreased over the analyzed period by around 10%. Ethylhexyl salicylate is a good UVB
absorber; however, it tends to suffer from photoisomerization and potentially induces some
environmental toxicity [26]. On the other side, octocrylene could be transformed into a
benzophenone derivative through a retro-aldol condensation reaction, which increases its
phototoxic potential and leads to negative environmental effects [27]. Additionally, this
toxic benzophenone derivative possesses chemical similarities to a hydroxylated derivative
of benzophenone-type compounds that were already reported as possessing endocrine
disrupting activity [27,43], evidencing possible cytotoxic effects and its potential to act as
an endocrine disrupter agent.

Among the available forms of inorganic UV filters, the collected data between 2015
and 2021 showed an increasing tendency towards the use of the inorganic UV filter TiO2,
reaching usage frequencies of 24.1% and 10.4% in 2021 for its nano and non-nano forms,
respectively. This is particularly evident for non-nano TiO2, whose usage more than
doubled in six years (from 4.7% to 10.4%). With respect to ZnO, decreased usage was found
for the non-nano form, while nano ZnO was similarly used in both periods of analysis. The
reasons for the increased use of TiO2 are not clear but might be explained by its ability to
offer broad-spectrum action and higher SPF values, as well as by the toxicity issues that
affect other organic filters.

Methylene bis-benzotriazolyl tetramethylbutylphenol (Tinosorb M®) is considered a
hybrid UV filter due to its physical–chemical behavior and ability to reflect and absorb UV
radiation [44]. Additionally, it can also act as a good photostabilizer of other UV filters [44].
However, in the period of analysis, a decrease of almost 50% in the usage frequency of
its nano form in sunscreens was observed (2015: 19.5% and 2021: 10.4%). The revised
document related to this nano filter, published by the Scientific Committee on Consumer
Safety (SCCS), reported that studies about acute oral and dermal toxicity, skin irritation,
and skin sensitization for the nano-sized material were not provided [45]. Additionally,
some allergic contact cases were reported concerning this UV filter in its non-nano form
(11 cases in European countries) [46]. Consequently, it was recommended that Tinosorb
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M® be included into the European photopatch test baseline series [47], which could have
influenced the decrease in use of this filter in sunscreens available on the market in 2021.
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Figure 6. Frequency of use for UV filters found in sunscreens in 2015 and 2021. (BMDBM: butyl
methoxydibenzoylmethane, OC: octocrylene, Tinosorb S®: bis-ethylhexyloxyphenol methoxyphenyl
triazine, EHT: ethylhexyl triazone, EHS: ethylhexyl salicylate, DHHB: diethylamino hydroxy-
benzoyl hexyl benzoate, DBT: diethylhexyl butamido triazone, HMS: homosalate, EHMC: ethyl-
hexyl methoxycinnamate, DTS: dometrizole trisiloxane, PBSA: phenylbenzimidazole sulfonic acid,
Tinosorb M®: methylene bis-benzotriazolyl tetramethylbutylphenol, TDSA: terephthalydidene
dicamphor sulfonic acid, MBC: 4-methylbenzylidene camphor, PS15: polysilicone-15, IMC: isoamyl
p-methoxycinnamate, DPDT: disodium phenyl dibenzimidazole tetrasulfonate, Triasorb®: phenylene
bis-diphenyltriazine, TBPT: tris-biphenyl triazine.)

Four organic UV filters, namely disodium phenyl dibenzimidazole tetrasulfonate
(DPDT), phenylene bis-diphenyl triazine (Triasorb®), nano tris-biphenyl triazine (TBTP),
and isoamyl p-methoxycinnamate (IMC), only appeared in the analysis performed in 2021,
with usage frequencies lower than 5%.

4. Conclusions

Sunscreens are available to consumers in different forms, with different compositions,
and with different characteristics. This work aimed to describe the composition and
general features of UV filters by focusing on the photoprotective formulations available
in 2021 in Portuguese pharmacies and parapharmacies, which is representative of the
European market. The incorporation of UVA filters in the composition of sunscreens was
demonstrated by the fact that the most used filter by far (>75%), avobenzone, belongs to
this category. This finding can be interpreted as a result of growing knowledge regarding
the harmful effects of UVA radiation, as well as the goal of cosmetic manufacturers to offer
sunscreens affording broad-spectrum protection.

The design of sunscreens was influenced by the target consumers, both regarding the
UV filters used and the sunscreen form chosen. The combination of both organic and inor-
ganic UV filters in the same product was substantially higher in children’s photoprotectors
(43.1%) than in adult sunscreens (32.2%), as was the use of inorganic UV filters (>50%).
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The formulation of photoprotectors for children with higher amounts of inorganic filters
might have a dual purpose: to increase SPF and minimize sensitization reactions due to
organic filters. Regarding galenic forms, 12 different galenic forms were identified in adult
sunscreen formulations, which was slightly higher than the ten available for children’s
sunscreens. Emulsions were the preferred form for adults’ sunscreens, while for children
sprays were preferred, probably due to convenience of use. As to information about the SPF
values, there were no sunscreens with an SPF value below 30 for children. The trendiest
SPF value, both in adults (59.4%) and children (81.5%), was SPF 50+, which shows the
intention of industries to place sunscreens with highly effective photoprotection in the
market (in particular in the pharmacy sector), thus targeting health concerns related to sun
overexposure, particularly skin cancer.

Analyzing the evolution of the usage frequency of UV filters from 2015 to 2021,
some conclusions can be drawn. In a timespan of six years, avobenzone maintained its
position as the most used UV filter (usage frequency >65%). The incorporation of bis-
ethylhexyloxyphenol methoxyphenyl triazine in sunscreens doubled in 2021. In contrast, a
decrease in the usage of octocrylene and ethylhexyl salicylate (up to 10%), and particularly
of nano methylene bis-benzotriazolyl tetramethylbutylphenol (Tinosorb M®) (nearly 50%),
was also observed, probably related to human and environmental safety issues. On the
other hand, the inorganic UV filter TiO2 is being increasingly used. Recent data on the
safety and photostability of UV filters and consumer concerns seem to be, at least partially,
being considered in the reformulation of commercial sunscreens, which substantiates the
focus of the cosmetic industry on designing safer products.

The use of UV filters in cosmetic formulations is a must-have in order to afford
protection against UV radiation. However, the choice of which UV filters should be used
is a challenge. There are numerous studies that report some of the drawbacks of the
actual UV filters, such as photostability issues, skin sensitization reactions, and human
and environmental toxicity, especially towards marine species [17]. Thus, it is important to
continue to monitor the use of UV filters in marketed sunscreens, with the aim of staying up
to date regarding the main trends in this area. The opportunity for innovation and scientific
support are two important benefits that this type of study could bring to the development
of new sun protection products in terms of informing the choice UV filters. This insight is
also important as it helps to improve sunscreen recommendations by increasing awareness
of the wide range of products available.

Ultimately, this work allows for characterization of the true market impact of approved
UV filters and how the market has evolved in the last six years. This insight is also relevant
for the assessment of environmental risks, such as those associated with the presence of UV
filters in aquatic ecosystems.
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