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Abstract: The aim of this study was to determine the types of UV filters used in adult and children’s
sunscreen products sold in Poland (part of the EU market) and their frequency of use. The INCI com-
positions of sunscreen products were collected and analyzed for the presence of UV filters. The study
included 150 randomly selected preparations for adults (from 71 brands) and 50 for children (from
33 brands). The survey concerned the UV filters listed in Annex VI to Regulation (EC) No 1223/2009
of the European Parliament and Council of 30 November 2009 on cosmetic products. The most
frequently used UV filters in the child sunscreens were triazine derivatives: bis-ethylhexyloxyphenol
methoxyphenyl triazine (60.0%) and ethylhexyl triazone (52.0%), and ethylhexyl salicylate (46.0%), a
derivative of salicylic acid. The most common in adult sunscreens were butyl methoxydibenzoyl-
methane (56.0%), a dibenzoylmethane derivative, followed by the salicylic acid derivative ethylhexyl
salicylate (54.7%) and the triazine derivatives bis-ethylhexyloxyphenol methoxyphenyl triazine
(54.7%) and ethylhexyl triazone (50.0%). Physical filters, including their nano and non-nano forms,
were more popular in sunscreens for children, i.e., 50.0% (TiO2) and 22.0% (ZnO), than for adults:
21.3% (TiO2) and 6.7% (ZnO). For both adults and children, many cosmetic products contained four
or five UV filters per preparation; however, the child preparations often used two UV filters. To
summarize, the following UV filters dominate in photoprotectors for both adults and children: butyl
methoxydibenzoylmethane, bis-ethylhexyloxyphenol methoxyphenyl triazine, ethylhexyl triazone,
ethylhexyl salicylate, and diethylamino hydroxybenzoyl hexyl benzoate.

Keywords: cosmetic regulations; frequency of use; market trends; sunscreen products; UV filters

1. Introduction

UV filters are added to preparations to protect the skin by absorbing or blocking UV
light. Sunscreen preparations with UV filters help protect against acute effects of UVR
exposure, like tanning, erythema, and immunosuppression, and help prevent phototoxic
damage resulting from chronic exposure, such as premature skin aging, pigmentation,
collagen degradation, and skin cancer [1–3].

UVA rays (320–400 nm) can penetrate skin deeper than UVB rays, and are responsible
for skin carcinogenesis, immunosuppression, hyperpigmentation, and skin aging [3–5].
In turn, UVB rays (290–320 nm) have higher photon energy, and hence can induce poten-
tially mutagenic DNA photoproducts and contribute to the formation of erythema, skin
pigmentation, photoimmunosuppression, and skin cancers [6–8].

However, solar radiation is also beneficial for living organisms. It exerts a positive
effect on human health, inter alia by activating 7-dehydrocholesterol to synthesize Vitamin
D in the human skin epidermis or lowering blood pressure through release of nitric oxide.
Moreover, exposure to UV rays can improve mood by inducing endorphin release [9,10].

UV filters can be organic agents, often called “chemical”, that can absorb UV rays and
release thermal energy, or inorganic (mineral) agents, sometimes called “physical”, that
scatter and reflect UV rays. Organic filters can be divided into the following groups of
derivatives: para-aminobenzoic acid esters, salicylic acid derivatives, cinnamic acid deriva-
tives, benzylidenecamphor derivatives, benzophenone derivatives, dibenzoylmethane
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derivatives, benzimidazole and benzotriazole derivatives, triazine derivatives, and various
others, such as Polysilicone-15 [11]. The presence of chromophores with a conjugated
system of π- bonds in their molecules is typical for organic filters, most often an aromatic
ring bonded to a carbonyl group or connected by a carbon-carbon double bond [11].

The list of UV filters approved for use in cosmetics in the EU (32 entries) is stated in
Annex VI to the Cosmetics Regulation (Regulation (EC) No 1223/2009), which also includes
their maximum allowed concentrations [12].

Recently, much attention has been paid to the safety of UV filters for humans and
the environment. Some UV filters, e.g., avobenzone or ethylhexyl dimethyl PABA, under
UV radiation, generate photodegradation products and reactive oxygen species (ROS),
causing phototoxicity and/or photoallergic processes in the skin [13–15]. Although some
research suggests that homosalate may act as an endocrine disruptor, the SCCS states
homosalate is safe for consumers when used in the final product at concentrations up to
7.34% [16]. The SCCS has raised concerns about the endocrine-disrupting properties of 4-
methylbenzylidene camphor (4-MBC), including both the thyroid and estrogen systems [17].
The SCCS needs further research to finally determine the safety of benzophenone-3 for
the endocrine system, and recommends its use as a UV filter at concentration up to 6% in
face cream, hand cream, and lipsticks [18]. In addition, the use of some UV filters, e.g.,
benzophenone-3 (oxybenzone) or octocrylene, may be associated with adverse effects,
including allergic and photoallergic contact dermatitis [18–22]. Photocontact allergy to oc-
tocrylene may occur in patients with previous photoallergy to topically applied ketoprofen,
but in general, contact allergy attributed to octocrylene appears very rarely [20]. The FDA
have highlighted the need for additional safety data on several filters, including octisalate,
homosalate, octocrylene, oxybenzone, octinoxate, and avobenzone [23].

The combination of sunscreens with antioxidant and/or anti-inflammatory agents may
lower the risk of skin cancer or other skin damage (e.g., sunburn, erythema, inflammation).
As such, it has been proposed that some natural products, such as flavonoids, phenolic
acids, anthocyanins or carotenoids, or seaweed and plant extracts, may also be used as skin
care against UV radiation [24,25].

More recently, contamination from sunscreen products has been found to pose a threat
to coastal ecosystems, as they enter the marine environment through direct contact with
beachgoers. High concentrations of benzophenone-3 (BP3) and 4-methylbenzylidene cam-
phor (4-MBC), as well as TiO2 and ZnO, in the surface microlayer were reported in the
southern Mediterranean Sea during summer [26–29]. It is believed that sunscreen ingredi-
ents may cause bleaching on coral reefs; to counter this, Hawaii, the U.S. Virgin Islands, and
Palau took precautionary measures in this regard and withdrew the use of preparations
containing benzophenone-3 (BP3, oxybenzone) and ethylhexyl methoxycinnamate (EHMC,
octinoxate) [30,31].

The aim of the study was to gain knowledge about the UV filters selected by manufac-
turers in sunscreen preparations for adults and for children. Learning about the current
trends and frequency of use of photoprotective substances on the Polish market (part of the
EU market) may be the opportunity to take a closer look at the safety of the most popular
UV filters used in sunscreen preparations.

2. Results

The compositions of 150 sunscreen preparations for adults and 50 for children were
analyzed for the presence of UV-photoprotective ingredients. Briefly, the labels of the
product were searched and the identified products were classified into the appropriate
group of derivatives. The analysis also included the number of UV filters per preparation.

2.1. Types of UV Filters and Their Frequency of Use in Preparations

A detailed analysis of the UV filters found in the preparations for children (n = 50)
is shown in Figure 1. The most popular substances were two triazine derivatives: bis-
ethylhexyloxyphenol methoxyphenyl triazine (BEMT; Tinosorb S), found in 60.0% of the
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analyzed preparations, and ethylhexyl triazone (EHT), found in 52.0%. These were followed
by the salicylic acid derivative—ethylhexyl salicylate (EHS)—present in 46.0%. Finally,
the benzophenone derivative diethylamino hydroxybenzoyl hexyl benzoate (DHHB), the
dibenzoylmethane derivative butyl methoxydibenzoylmethane (BMBM; Avobenzone), the
physical filters titanium dioxide (non-nano) and titanium dioxide (nano), and the cinnamic
acid derivative octocrylene (OC) were all found in 20% to 40%.
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Figure 1. Frequency of use of UV filters in children sunscreen products (n = 50). 1. Titanium
dioxide; 2. Titanium dioxide (nano); 3. Zinc oxide; 4. Zinc oxide (nano); 5. Ethylhexyl sali-
cylate (EHS); 6. Homosalate; 7. Octocrylene (OC); 8. Ethylhexyl methoxycinnamate (EHMC);
9. Isoamyl p-methoxycinnamate; 10. Terephthalylidene dicamphor sulfonic acid; 11. Diethylamino
hydroksybenzoyl hexyl benzoate (DHHB); 12. Butyl methoxydibenzoylmethane (BMBM; Avoben-
zone); 13. Phenylbenzimidazole sulfonic acid; 14. Methylene bis-benzotriazolyl tetramethylbutylphe-
nol (nano); 15. Drometrizole trisiloxane; 16. Methylene bis-benzotriazolyl tetramethylbutylphenol;
17. Bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT; Tinosorb S); 18. Ethylhexyl triazone
(EHT); 19. Diethylhexyl butamino triazone; 20. Tris-biphenyl triazine (nano).

Among the adult sunscreens (Figure 2), the largest share was demonstrated by the
dibenzoylmethane derivative butyl methoxydibenzoylmethane (BMBM; Avobenzone)
with 56.0% of preparations, followed by the salicylic acid derivative ethylhexyl salicylate
(EHS) and the triazine derivative bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT;
Tinosorb S), each present in 54.7%, and then a triazine derivative, ethylhexyl triazone (EHT),
with 50.0%. The following also had significant percentage shares, ranging from 20% to
40%: diethylamino hydroxybenzoyl hexyl benzoate (DHHB), the cinnamic acid derivatives
octocrylene (OC) and ethylhexyl methoxycinnamate (EHMC), and phenylbenzimidazole
sulfonic acid (PBSA).

Hence, the most common sunscreen substances in the analyzed cosmetics, both for
children and adults, were the organic UV filters from the group of triazine derivatives, sali-
cylic acid derivatives, and dibenzoylmethane derivatives: butyl methoxydibenzoylmethane
(BMBM; Avobenzone); bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT; Tinosorb
S);. ethylhexyl salicylate (EHS); ethylhexyl triazone (EHT) (Table 1). Physical filters were
more common in preparations for children than for adults. Titanium dioxide (including
its nano form) was present in 50.0% of child products and 21.3% of adult products, and
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zinc oxide (including its nano form) was found in 22.0% of child products but only 6.7% of
adult products.
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6. Ethylhexyl salicylate (EHS); 7. Homosalate; 8. Octocrylene (OC); 9. Ethylhexyl methoxycinna-
mate (EHMC); 10. Isoamyl p-methoxycinnamate; 11. Terephthalylidene dicamphor sulfonic acid;
12. 4-Methylbenzylidene camphor; 13. Diethylamino hydroxybenzoyl hexyl benzoate (DHHB);
14. Benzophenone-3; 15. Butyl methoxydibenzoylmethane (BMBM; Avobenzone); 16. Phenylben-
zimidazole sulfonic acid (PBSA); 17. Methylene bis-benzotriazolyl tetramethylbutylphenol (nano);
18. Drometrizole trisiloxane; 19. Methylene bis-benzotriazolyl tetramethylbutylphenol; 20. Bis-
ethylhexyloxyphenol methoxyphenyl triazine (BEMT; Tinosorb S); 21. Ethylhexyl triazone (EHT);
22. Diethylhexyl butamino tria one; 23. Tris-biphenyl triazine (nano); 24. Polysilicone-15.

Table 1. A profile of the most frequently used UV filters in the analyzed cosmetics.

INCI Name of a Sunscreen Substance Found in Cosmetics

Percentage for Children for Adults

>40%

1. Bis-ethylhexyloxyphenol
methoxy-phenyl triazine (BEMT;
Tinosorb S)
2. Ethylhexyl triazone (EHT)
3. Ethylhexyl salicylate (EHS)

60.0%
52.0%
46.0%

1. Butyl methoxydibenzoylmethane
(BMBM; Avobenzone)
2. Bis-ethylhexyloxyphenol
methoxy-phenyl triazine (BEMT;
Tinosorb S)
3. Ethylhexyl salicylate (EHS)
4. Ethylhexyl triazone (EHT)

56.0%
54.7%
54.7%
50.0%

20–40%

4. Diethylamino hydroxybenzoyl
hexyl benzoate (DHHB)
5. Butyl methoxydibenzoylmethane
(BMBM; Avobenzone)
6. Titanium dioxide (TiO2)
7. Octocrylene (OC)
8. Titanium dioxide (nano)
(TiO2 nano)

38.0%
36.0%
28.0%
24.0%
22.0%

5. Diethylamino hydroxybenzoyl
hexyl benzoate (DHHB)
6. Octocrylene (OC)
7. Ethylhexyl methoxycinnamate
(EHMC)
8. Phenylbenzimidazole sulfonic acid
(PBSA)

38.0%
36.7%
24.0%
22.7%

Some of the identified UV filters were found to be relatively rare, appearing in
fewer than 5% of sunscreen products. In the preparations for children, these included
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isoamyl p-methoxycinnamate, terephthalylidene dicamphor sulfonic acid, methylene bis-
benzotriazolyl tetramethylbutylphenol, and tris-biphenyl triazine (nano). For adults, these
included zinc oxide, zinc oxide (nano), ethylhexyl dimethyl PABA, terephthalylidene
dicamphor sulfonic acid, 4-methylbenzylidene camphor, benzophenone-3, methylen bis-
benzotriazolyl tetramethylbutylphenol, and polysilicone-15.

Approximately 30% of the UV filters listed in Annex VI of the Regulation (EC) No
1223/2009 of the European Parliament and of the Council of 30 November 2009 on cos-
metic products were not used in any of the tested sunscreen preparations: benzalkonium
methosulfate, benzylidene camphor sulfonic acid, polyacrylamidomethyl benzylidene
camphor, PEG-25 PABA, benzophenone-4, benzophenone-5, disodium phenyl dibenzim-
idazole tetrasulfonate, phenylene bis-diphenyltriazine, methoxypropylamino cyclohex-
enylidene ethoxyethylcyanoacetate, bis-(diethylaminohydroxybenzoyl benzoyl) piperazine,
bis-(diethylaminohydroxybenzoyl benzoyl) piperazine (nano), and tris-biphenyl triazine
(non-nano form).

2.2. Composition Complexity of the Analyzed Preparations

The complexity of composition, i.e., the number of UV filters per single photopro-
tective formulation, was recorded. For the sake of brevity, ingredients that do not have a
photoprotective function were not included in the list.

The components of the cosmetic products for children are given in Figure 3. Among
the 50 analyzed preparations, the largest single group comprised products with two or
four components (each 22.0% of all products). In addition, 18.0% of products contained
five UV-protective substances in a single preparation, and 14.0% contained six. Products
containing three, one, seven, and eight UV filters in one preparation accounted for only
8.0%, 6.0%, 6.0%, and 4.0% of the study group, respectively.
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Among the adult preparations (Figure 4), the largest single groups of cosmetics included
five (27.0%) or four (26.0%) photoprotective substances in a single preparation. Products
with three or six components each accounted for 12.7%. The smallest groups included two,
one, eight, or nine products, constituting 6.7%, 6.0%, 5.3%, and 0.7%, respectively.

Hence, for both adults and children, the largest group of products include four and
five UV-protective substances, while those for children have two components.
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Figure 4. Percentage of preparations for adults (n = 150) with specific numbers of sunscreen ingredi-
ents (percentages add up to 100%).

Among the single-component preparations, the most common components were
physical UV filters (Table 2). Titanium oxide (nano form) was dominant (100%) in child
formulations (n = 3), while TiO2 (55.6%), ZnO (11.1%), TiO2 (nano) (11.1%), octocrylene
(11.1%), and ethylhexyl methoxycinnamate (11.1%) were found in the adult preparations
(n = 9).

Table 2. The preparations containing one or two sunscreen components, with the percentage share of
individual substances in a given group.

Analysis of Preparations with One Sunscreen Substance

for Children for Adults

Titanium dioxide (nano)
(TiO2 nano) 100%

Titanium dioxide (TiO2) 55.6%

Titanium dioxide (nano) (TiO2 nano) 11.1%

Zinc oxide (ZnO) 11.1%

Octocrylene (OC) 11.1%

Ethylhexyl methoxycinnamate (EHMC) 11.1%

Analysis of preparations with two sunscreen substances

for children for adults

Titanium dioxide (TiO2) 63.6% Zinc oxide (ZnO) 40.0%

Zinc oxide (ZnO) 45.5% Titanium dioxide (TiO2) 30.0%

Titanium dioxide (nano) (TiO2
nano) 36.4% Titanium dioxide (nano) (TiO2 nano) 20.0%

Zinc oxide (nano) (ZnO nano) 27.3% Zinc oxide (nano) (ZnO nano) 10.0%

Octocrylene (OC) 18.2% Phenylbenzimidazole sulfonic acid (PBSA) 20.0%

Bis-ethylhexyloxyphenol
methoxyphenyl triazine (BEMT;

Tinosorb S)
9.1%

Butyl methoxydibenzoylmethane (BMBM; Avobenzone) 20.0%

Ethylhexyl salicylate (EHS) 20.0%

Diethylamino hydroxybenzoyl hexyl benzoate (DHHB) 10.0%

Octocrylene (OC) 10.0%
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The physical UV filters also dominated in the two-component preparations in both
study groups (Table 2). In the group of preparations for children (n = 11), the most common
were TiO2 (63.6%), ZnO (45.5%), TiO2 (nano) (36.4%), and ZnO (nano) (27.3%). Two chemi-
cal filters, octocrylene and bis-ethylhexyloxyphenol methoxyphenyl triazine, were present
but below the value of 20%. Among those for adults (n = 10), the most prevalent were
ZnO (40.0%) and TiO2 (30.0%), followed by nanometric scale forms of ZnO and TiO2, and
the chemical filters phenylbenzimidazole sulfonic acid, butyl methoxydibenzoylmethane,
ethylhexyl salicylate, diethylamino hydroxybenzoyl hexyl benzoate, and octocrylene, all of
which were present in 10% to 20% of samples.

Hence, it can be seen that most single- and two-component preparations tended to
use physical filters as sunscreen ingredients, and among these, the non-nano form is more
common than the nano form.

The complexity of the composition of sunscreen preparations is related to the scope
of UV protection of individual filters. When properly selected, the UV filters in a given
preparation should fully protect skin against both UVA and UVB radiation. A commonly
used combinations of filters that absorb a wide range of UV rays are, e.g., the mixture
of Avobenzone (BMBM) with octocrylene (OC) and/or ethylhexyl salicylate (EHS) or the
fusion of Avobenzone (BMBM) with Tinosrob S (BEMT), and/or ethylhexyl salicylate (EHS)
and/or diethylamino hydroxybenzoyl hexyl benzoate (DHHB). Avobenzone (BMBM) and
DHHB provide protection against UVA radiation. Tinosrob S (BEMT) is broad-spectrum
filter (UVA and UVB). In turn, the most popular UVB filters include EHT, EHS, OC, EHMC,
and PBSA [10,11,19].

2.3. SPF Values of the Analyzed Preparations

The analyzed sunscreen preparations were also reviewed for their SPF value (Figure 5).
Among the preparations for children, those with higher SPF values clearly dominated. As
many as 82.0% of preparations for children were those with SPF 50 and 14.0% were those
with SPF 30. The SPF of the value 20 was the lowest among preparations for children (2.0%).
The reviewed adult sunscreens mostly provide high protection of SPF value greater than
or equal to 30, with the following distribution: SPF 50 (50.0%), SPF 40 (2.0%), and SPF
30 (30.7%). The remaining adult preparations, with SPF between 6 and 25, accounted for
only 9.3%.
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3. Discussion

Our findings indicate that the most popular photoprotective components, both for
children and adults, were butyl methoxydibenzoylmethane (BMBM; Avobenzone), bis-
ethylhexyloxyphenol methoxyphenyl triazine (BEMT; Tinosorb S), ethylhexyl salicylate
(EHS), and ethylhexyl triazone (EHT), and that most sunscreens in Poland have five or four
UV filters in a single preparation.

Two surveys of UV filters contained in sunscreen products for children and adults
were conducted in Thailand. The first overview (n = 246) was made between December
2017 and March 2018 [32], and the second (n = 312) in April 2020 [33]. While they yielded
similar results for the adult products, the reviews of products for children were very
divergent; however, this may be due to them being based on small numbers of products,
viz. n = 20 [32] and n = 15 [33].

The first overview (n = 226), performed from December 2017 to March 2018 [32],
found the most common UV filter for adult to be ethylhexyl methoxycinnamate (EHMC)
(62.8%), followed by titanium dioxide, octocrylene (OC), and butyl methoxydibenzoyl-
methane (BMBM) in 54.9%, 45.1%, and 44.2%, respectively. The most frequently used UV
filter for children (n = 20) was butyl methoxydibenzoylmethane (BMBM) (65.0%). The
mineral filter TiO2 (60.0%) was also commonly used, followed by octocrylene (45.0%) and
bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT) (40.0%). Ethylhexyl methoxycin-
namate (EHMC) was found less frequently, i.e., only 30.0% [32].

The second survey (n = 297), performed in April 2020 [33], found the most common UV
filter for adults to be titanium dioxide (68.0%), followed by ethylhexyl methoxycinnamate
(EHMC) (57.2%) and butyl methoxydibenzoylmethane (BMBM) (42.1%), while the most
common for children (n = 15) was bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT)
(53.3%), followed by butyl methoxydibenzoylmethane (BMBM) and ethylhexyl salicylate
(EHS) (46.7% each). The share for titanium dioxide in this group was 40.0%. [33]. However,
these findings cannot be compared with the present study as the filters are intended for peo-
ple with different skin phototypes from regions with different degrees of sunlight exposure
and a different legal environment. Nevertheless, it is worth noting that our results differed
meaningfully from the study conducted by Chaiyabutr et al. [33]. The most prevalent filters
were 4.5 times (TiO2) and 2.5 times (EHMC) more prevalent than in our present study;
in turn, our predominant filter for adults was butyl methoxydibenzoylmethane (BMBM)
(56.0%).

A similar survey of randomly selected preparations from several dozen brands was car-
ried out in Portugal in 2021 [34]. The most popular UV filters for adults (n = 379), i.e., with
a percentage share above 35%, included butyl methoxydibenzoylmethane (BMBM) (73.9%),
octocrylene (OC) (51.7%), bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT) (47.5%),
ethylhexyl triazone (38.0%), and ethylhexyl salicylate (35.9%). In comparison, in the present
study, the prevalence of methoxydibenzoylmethane (BMBM) was 17.9 p.p. lower, with
56.0%; this was followed by bis-ethylhexyloxyphenol methoxyphenyl triazone (BEMT;
54.7%), ethylhexyl salicylate (EHS; 54.7%), and ethylhexyl triazine (EHT; 50.0%). These
components also occupied the top positions in the Portuguese study, but with lower shares
by 7.2 p.p., 18.8 p.p., and 12.0 p.p., respectively. While octocrylene (OC) was the second
most common filter in the Portuguese study (51.7%), it was in sixth place in the present
study (36.7%) [34].

Clear differences were also observed regarding child sunscreens between the Polish
(n = 50) and Portuguese (n = 65). The predominant component in Poland,
bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT; 60.0%), was only in fifth place
in the Portuguese study, with a share of approximately 30%. Conversely, the predomi-
nant component in the Portuguese study was butyl methoxydibenzoylmethane (BMBM;
approximately 60%), which was only fifth on the list in the present study (36.0%). Both
studies had similar prevalence values for other popular filters, i.e., ethylhexyl salicylate
(EHS) and ethylhexyl triazone (EHT). In addition, similar values were noted for titanium
dioxide (non-nano form) in child formulas in the Portuguese study (35.4%) and the present
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study (28.0%). Interestingly, the benzophenone derivative DHHB, present in our study in
preparations for adults and children with a share of as much as 38%, had, in the Portuguese
study, a lower share by approximately 18 p.p. and 13 p.p. [34].

The availability of UV filters varies over time and undoubtedly depends on market forces
and legal regulations. A 2014 survey of sunscreen products in the UK (n = 337) found the
most common UV filters to be butyl methoxydibenzoylmethane (BMBM) and octocrylene
(OC), which were present in 96.4% and 90.5% of sunscreen products. Bis-ethylhexyloxyphenol
methoxyphenyl triazine (BEMT) was found in 58.5% of products. Ethylhexyl salicylate (EHT),
diethylhexyl butamido triazone, and methylene bis-benzotriazolyl tetramethylbutylphenol
were found in around 32% each [35].

In the present study, the most frequently used UVA filter in adult sunscreens was butyl
methoxydibenzoylmethane (BMBM; Avobenzone) (56.0%). Its frequency of use in child
preparations was 36.0%, putting it in fifth position. Avobenzone is considered one of the
most common allergenic and photoallergenic [36], and highly photolabile, UV filters [37].
Photopatch testing has found the reactivity rate of avobenzone to be 1.3–1.7% [38,39].
It loses between 50% and 60% of its protective efficacy after one hour of exposure to
UV radiation [40]. Avobenzone undergoes keto-enol tautomerism, and its keto form can
easily photodegrade into 4-tert-butyl benzoic acid and 4-methoxy benzoic acid, which are
responsible for its photoallergic and phototoxic reactions [11,41].

Photodegradation of unstable UV filters such as avobenzone can be prevented by the
use of photostabilizers, encapsulation, antioxidants, and the application of quenchers [42].
In addition, combining avobenzone with other photostable filters such as octocrylene
and Tinosorb S can also prevent photodegradation [43,44]. Its photostability can also
be improved by loading in cyclodextrin, e.g., beta-cyclodextrin polymers (pbCD) cross-
linked by epichlorohydrin (pbCDE), or liposome lipid nanoparticles, microparticles, and
polymeric nanoparticles [42,45].

A test of avobenzone and five other organic filters (octisalate, homosalate, octocrylene,
oxybenzone, octinoxate) using the ToxCast/Tox21 database found all apart from oxyben-
zone to have low intrinsic biological activity and a low risk of toxicity, including endocrine
disruption, in humans [46].

In the present study, bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT; Tinosorb
S) was the most frequently used UV filter (60.0%) for children and the second most common
(54.7%) for adults. Unlike avobenzone, BEMT is photostable. It is a broad absorption spec-
trum filter (UVB, UVA1, and UVA2) with minimal skin penetration and does not disrupt
the functioning of the endocrine system [47,48]. In 1999, SCCS confirmed that there was no
evidence that this compound was toxic or allergenic [49].

Ethylhexyl salicylate (EHS) was found to be one of the most popular UV filters in adult
and child sunscreens, used in 54.7% and 46.0% of the studied samples. It demonstrates
photodegradation and can induce some environmental toxicity [19,34]. Clinical trial data
indicates that it is systemically absorbed, resulting in plasma concentrations higher than
the FDA systemic exposure threshold (0.5 ng/mL) [50].

Two cinnamic acid derivatives, octocrylene (OC) and ethylhexyl methoxycinnamate
(EHMC), were also quite popular UV filters in the present study. They were present in
36.6% (OC) and 24.0% (EHMC) of adult preparations, and 24.0% (OC) and 10.0% (EHMC)
of child preparations. Unlike EHMC, octocrylene does not exhibit any endocrine disruption
potential nor is it photodegradable [19,20]. OC rarely causes skin irritation reactions
(0.6% for n = 1031 [20]. The number of reported cases of allergic contact dermatitis after
the use of octocrylene seems to be irrelevant considering the widespread use of it in
cosmetic products. Photocontact allergy to octocrylene may occur in patients with previous
photoallergy to topically applied ketoprofen [20,51]. Both OC and EHMC demonstrate
high bioaccumulation rates, passing into breast milk [19].

Ethylhexyl triazone (EHT), was found to be the second most common UV filter in child
sunscreens (52.0%) and the fourth in adults (50.0%). It does not show skin penetration [52]
and has good photostability [34]. EHT releases free radicals in contact with sunlight [47].
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Titanium dioxide (TiO2) is an inorganic UV filter present as both nano (22.0%) and
micro (28%) forms in child sunscreens. Titanium oxide is considered a more photochem-
ically stable and less skin irritating filter than most organic filters, but it can generate
reactive oxygen species (ROS) when exposed to UV radiation, leading to potential adverse
effects [53–55]. Therefore, since 2019, titanium dioxide can only be used as a nanomaterial
when coated with inert shells like silica, hydrated silica, alumina, aluminium hydroxide,
aluminium stearate, stearic acid, trimethoxycaprylylsilane, dimethicone or simethicone, or
with some combinations thereof (Annex VI, Regulation No. 1223/2009). TiO2 (nano) is not
allowed in applications that may lead to exposure by inhalation [12].

4. Materials and Methods

From October to December 2023, the INCI compositions of sunscreen products avail-
able online on the Polish market were collected. The survey involved 150 randomly chosen
preparations with UV filters for adults and 50 for children. The adult products included
71 international brands, with one to eight products from each brand, while the child
products were obtained from 33 international brands, with one to three products per brand.

The searched UV filters were listed in Annex VI to Regulation (EC) No 1223/2009 of
the European Parliament and Council of 30 November 2009 on cosmetic products.

The collected data were processed using Microsoft Excel. The data collected from
the INCI compositions of preparations are series of dichotomies that determine for each
preparation and filter whether the filter is included in the preparation or not. There is no
numerical measure here, such as concentration or dose. Quantitative analysis of such data
encounters great difficulties, so only basic statistical analyses were performed on them.

5. Conclusions

Several popular UV filters are present in sunscreen products on the Polish market,
i.e., within the EU. The most common organic UV filters found in child sunscreen prod-
ucts, with a frequency of use above 30%, are bis-ethylhexyloxyphenol methoxyphenyl
triazine (BEMT; Tinosorb S)—60.0%, ethylhexyl triazone (EHT)—52.0%, ethylhexyl salicy-
late (EHS)—46.0%, diethylamino hydroxybenzoyl hexyl benzoate (DHHB)—38.0%, and
butyl methoxydibenzoylmethane (BMBM; Avobenzone)—36.0%. The most common adult
photoprotectors were butyl methoxydibenzoylmethane (BMBM; Avobenzone)—56.0%,
bis-ethylhexyloxyphenol methoxyphenyl triazine (BEMT; Tinosorb S)—54.7%, ethylhexyl
salicylate (EHS)—54.7%, ethylhexyl triazone (EHT)—50.0%, diethylamino hydroxybenzoyl
hexyl benzoate (DHHB)—38.0%, and octocrylene (OC)—36.7%. The most common organic
compounds were triazine, salicylic acid, dibenzoylmethane, and benzophenone derivatives.

Mineral filters, especially titanium dioxide, are much more popular among child
sunscreens (TiO2—28.0% and TiO2 nano—22.0%) than for adults (TiO2—14.7% and TiO2
nano—6.7%). Ten of the UV filters listed in Annex VI to Regulation (EC) No 1223/2009 are
not used at all in sunscreen products; these are mostly benzylidenecamphor derivatives,
with some benzophenone and triazine derivatives.
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