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Abstract

:

Some chemical components in sun cream filters have endocrine-disrupting activity or can be carcinogenic, neurotoxic, bioaccumulative, allergens, or be toxic for human reproduction. It is important that sunscreens have safety requirements. The objective of this work is to compare sun cream filters used in conventional commercial sunscreens and those that are considered natural products, especially focused on endocrine-disrupting effects. In order to achieve the above objective, the compositions of different conventional and natural sun cream filters were evaluated and compared, taking into account the presence of the different sun cream filters whose effects were evaluated on the website specialized in safety and cosmetics, Environmental Working Group (EWG), and in the Register of chemical substances and mixtures in the EU Registration, Evaluation, Authorization and Restriction of Chemicals (REACH) Regulation. The currently available evidence of each sun cream filter and their degree of safety has been summarized. Several organic sun cream filters present a potential risk to health and the environment; however, inorganic sun cream filters such as titanium dioxide and zinc oxide (ZnO and TiO2) show a very low risk in humans as they are not absorbed through intact or damaged tissues. The legislation does not oblige manufacturers to specify the concentration of each substance, which provides qualitative but not quantitative information for the consumer.
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1. Introduction


At the European level, the REACH (Registration, Evaluation, Authorization, and Restriction of Chemicals), was created to protect human/animal health and the environment from chemicals. REACH is intended not only to mitigate the environmental damage that new compounds can cause, but also to protect human health. European companies and industries have been forced to incorporate this type of regulation into their manufacturing and industrialization processes since its implementation (1 June 2007). Currently, there are more than 80,000 chemical substances registered for use in Europe. REACH applies to all chemical substances: those involved in industrial processes and those that are present in objects in our daily life, such as cosmetics, including sun creams [1,2].



According to Commission Regulation 2018/605 amending the Plant Protection Regulation No. 1107/2009 adopted by the European Commission, a substance shall be considered as having endocrine disrupting activity in humans if: it shows an adverse effect in an intact organism or its progeny leading to functional changes; it has an endocrine mode of action (anti-estrogenic, androgenic or anti-androgenic activity, steroidogenesis alteration and thyroid and anti-thyroid hormone activity); the adverse effect is a consequence of the endocrine mode of action [3]. The Endocrine Society and the World Health Organization (WHO) define an endocrine-disrupting chemical (EDC) as “an exogenous substance or mixture that alters function (s) of the endocrine system and consequently causes adverse health effects in an intact organism, or its progeny, or (sub)populations” [4,5]. There are many harmful effects that EDC can have on health at any age, such as malformations and/or malfunction of the reproductive system, obesity, and cancer [6,7,8,9], in particular hormone-dependent cancers (such as breast, endometrium, prostate, testis, and thyroid) [6].



Endogenous hormones and EDCs share many structural similarities which may lead to hormone-dependent cancers interfering with hormone receptor function [10]. Parabens (methylparaben, butylpraben, ethylparaben, propylparaben, lsopropylparaben, lsobutylparaben, bencylparaben) are an example of EDCs [11]. There is an important link between alterations of reproductive and metabolic health as a result of EDC exposure, such as from bisphenol A, bisphenol S, bisphenol F, phthalate metabolites, and mercury [6,7,8,10].



Sun creams are made up of three main ingredients. The excipients that create the cream or vehicle, the additives, preservatives, and other active substances, and finally the sun cream filters. The safety of UV filters for humans and the environment has been questioned recently. It has been studied that these filters can be harmful to the skin because when they come into contact with sunlight, they degrade and produce reactive oxygen substances that generate oxidative stress in skin cells, damage to genetic material, premature aging, and predisposition to skin cancer [12]. Multiple investigations reveal the presence of UV filters in human biological tissues [13,14].



It is important that sunscreens have some requirements to be safe for use in vivo: they must not be absorbed through the skin or if they do so, only in the stratum corneum, must not act as an EDC, must not have other effects different from the above, must not favor the absorption of other chemical substances, must be photostable, must not cause allergies or photosensitivity, must not be bioaccumulative, and must be easily degradable and not effect flora and fauna. Thus, the ideal photoprotector would meet all these requirements, have adequate cosmetic effects, and not have harmful effects on health [15]. Could it be possible?



The objective of this research is to compare sun cream filters used in conventional commercial sunscreens and those that are considered natural products.




2. Materials and Methods


In order to achieve the above objective, the compositions of different conventional and natural sunscreens have been evaluated and compared, taking into account the presence of different sun cream filters whose effects have been consulted on the website specialized in safety and cosmetics, Environmental Working Group (EWG), which summarizes the currently available evidence of each of them and their degree of safety and in the Register of chemical substances and mixtures in the EU (REACH Regulation).



In addition, published safety data on solar filters were updated by searching publications in peer-reviewed journals available on PubMed Database at the end of September 2022. The following search terms were used: ‘solar filters’ OR ‘sun cream filters’ OR ‘sunscreens’. The inclusion criteria were possible side effects of selected UV-filters in cosmetics, especially in sun creams. Putting the focus above all on those sunscreens with endocrine disruptive effects. No limits for publication dates were set. The articles were screened by two reviewers based on titles and abstracts. All articles dealing with environmental effects of sun creams filters were excluded. Those articles not published in English or Spanish were excluded. Finally, a manual search of data available in gray literature was conducted.




3. Results


Ultraviolet radiation (UV) is a fundamental risk factor for the development of nonmelanoma skin cancer and it is also implicated in the pathogenesis of melanoma [16,17,18,19,20,21]. Photoprotection is the main preventive strategy for reducing the risk of developing skin cancer and achieving healthy aging. In recent years, the use of sunscreens has become widespread as an essential component of photoprotection [22].



Commercially available sun-protective topical formulations utilize active agents classified into two major classes: organic molecules that principally absorb UVR energy, and inorganic (or mineral-based physical) molecules that additionally reflect UVR. Inorganic sunblocks (ZnO and TiO2) also absorb UVR, though this effect is superimposed with a second mechanism of scattering incident UVR [23,24]. Sunscreens are topical preparations whose compounds have the function of filtering, blocking, reflecting, scattering or absorbing ultraviolet (UV) light. According to their mode of action, we can classify sunscreens into organic, inorganic, and biological [25].



Sunscreens contain one or more ultraviolet filters (UVFs) that may be physical, chemical, or both. A UVF is a specific compound that impedes the passage of UV light. UVFs can be divided into chemical agents (absorbing UV rays and converting them to thermal energy) vs. physical agents (reflecting UV rays). They can be categorized in several ways, for example: organic vs. inorganic, lipophilic vs. hydrophilic, which is how environmental chemists do it. The National Library of Medicine databases sometimes refer to these compounds as sunscreening agents (confusing terms) and define them as chemical or physical agents that protect the skin from sunburn and erythema by absorbing or blocking ultraviolet radiation. UVFs are also used in consumer cosmetics (makeup, nail polish, shampoo, etc.) and in industry (plastics, paints, sealants, etc.) to protect against photodegradation.



In addition, these UVFs contain many other substances, preservatives, or stabilizers, such as emollients, fragrances, emulsifiers, and coloring compounds. The FDA define broad spectrum sunscreens as products that provide UVA protection that is proportional to its UVB protection [26,27]. In order to ensure sufficiently broad-spectrum coverage, the sunscreen formulas available on the market usually include a mixture of organic and inorganic filters with 20 or more components [28,29].



Multiple studies have been conducted to assess the disruption of normal endocrine pathways in the context of the effects of multiple man-made chemicals in the environment [30,31,32]. A document was published by The Organization for Economic Co-operation and Development (OECD) with standardized tests to evaluate potential endocrine disruption molecules [33].



3.1. Organic Filters


Several organic sunscreen agents (including PABA and derivatives, cinnamates, avobenzone, octocrylene, salicylates including homosalate, benzophenones including oxybenzone, and octisalate among others) contain one or more aromatic rings, capable of absorbing and distributing energy from incident UVR [34].



Organic filters can protect against both UVA and UVB radiation and are the most commonly used [35]. They act by scattering and absorbing radiation through chemical reactions that produce heat and/or degradation byproducts; however, they must be applied more frequently. Many are absorbed through the skin. Organic sunscreens show a higher risk of inducing irritant or allergic contact dermatitis [36].



Several organic UVFs have been associated with endocrine disruption [37,38,39,40,41,42]. Benzophenone-3 (BP-3) seems to have systemic effects on sex and thyroid hormone pathways in animal models [40,41,43,44] and can be absorbed at a rate of 1% to 9% with topical application in some models [45].



When the skin barrier function is compromised, it may absorb UVFs more rapidly [46]. It is remarkable that UVFs have been found in breast milk [38,47], placental tissues [48], and urine [49,50]. During pregnancy an increased incidence of neonatal dysfunction (Hirschprung’s disease) due to exposure to BP-3 has been observed [51,52]. In several studies, possible correlations with uterine leiomyoma formation and increased mobility of breast and lung cancer cells have been found [53,54,55,56].



UVFs (especially BP-3, avobenzone, OC, amiloxate, and PABA) seem to cause various forms of irritant dermatitis as well as allergic contact and/or photo-allergens [52,57,58,59].



The most commonly used organic filters [60,61] and their evaluation by the EWG [62] are described in Table 1.



In Figure 1 each type of filter and how they act is described.



3.1.1. UVB Filters


UV filters allowed in cosmetic products in Europe are regulated in Annex VI of Cosmetics Regulation (EC) No. 1223/2009 [63].




	
PABA and derivates:




	-

	
Octyldimethyl PABA or Padimate O: EDC (estrogenic), liberator of free radicals, allergen reactions, ecotoxixin and environmental pollutant. Always avoid (EWG sec 5 fair)




	-

	
Ethylhexyl triazone (octyl triazone): Not authorized in the USA. Increases the effectiveness of other filters. Free radical released in sunlight. Very little data. Prudence (EWG 1 None)









	
Cinnamates:




	-

	
Octinoxate (Octyl Methoxycinnamate, OMC, Ethylhexyl Methoxycinnamate, EHMC): confirmed EDC, persistent and bioaccumulative, is absorbed through the skin and can increase the absorption of other substances. It appears in breast milk. Ecotoxic. One of the most problematic filters today. Banned in Denmark in creams for children. It pollutes rivers and affects the populations of fish and other aquatic animals. It appears in tap water and even some bottled water. Always avoid (EWG 6 limited)




	-

	
Cinoxato (2-Ethoxyethyl-P-Methoxycinnamate): In disuse. There is little data on its safety. Avoid as a precaution (EWG 3 limited)









	
Salicylates: They are weaker; they increase the power of other UVB radiation absorbers. Better safety profile.




	-

	
Octisalate (ethylhexyl salicylate, 2-Ethylhexyl 2-Hydroxybenzoate): It is quite safe, it is frequently used in association with Avobenzone to extend the duration of protection. Ecotoxin. Today, it is an acceptable chemical filter (EWG sec 3)




	-

	
Homosalate (3,3,5-Trimethyl-Salicylate Cyclohexanol; 3,3,5-Trimethylcyclohexyl 2-Hydroxybenzoate): Highly polluting, weak endocrine disruptor, decomposes with light into oxidizing substances that are harmful to the skin. Increases the absorption of other substances. Avoid (EWG 4 limited)









	
Octocrylene or octocrilene (CAS n. 6197-30-4) (2-ethylhexyl 2-cyano-3,3-diphenyl-2-propenoate; 2-ethylhexyl 2-cyano-3,3-diphenylacrylate or the 2-ethylhexyl ester of 2-cyano-3,3-diphenyl acrylic acid): It is an organic ultraviolet (UV) filter with an aromatic structure, which absorbs mainly UVB radiation and short UVA wavelengths [64]. It is used in sunscreens with other UV filters to provide an adequate sun protection factor (SPF) due to its UV radiation absorption properties [65]. According to regulation, octocrylene is authorized as a UV filter in cosmetic formulations at a maximum concentration of 10.0% in acid form in Europe (Annex VI/10). Octocrylene seems to have endocrine disrupting activity and may cause allergies and/or (photo)allergies. It is included in the list elaborated in 2019 by the European Commission that collected 14 ingredients with potential disrupting properties used in cosmetic products [66].



	
Ensulizole: (2-Pheny 1H-benzimidazole 5-Sulfonic acid, PBSA): In contact with the sun, it produces free radicals that can damage DNA and potentially cause skin cancer. Avoid if possible (EWG 3 limited)



	
4-MBC (4-Methylbenzylidene Camphor) (1,7,7-Trimethyl-3- [(4-Methylphenyl) Methylene] Bicyclo [2.2.1] Heptan-2-On)): EDC, persistent and bioaccumulative. Not authorized in the US for sun creams. Possible thyroid toxicity. Important environmental contaminant, affects aquatic populations. Always avoid. (EWG 7 fair)








Some studies have reported that Sulphonated compounds act as DNA alkylating agents, and genotoxic agents in bacterial and mammalian cells [67].




3.1.2. UVA Filters


	
Benzophenones: benzophenone-3, (2-hydroxy-4-methoxyphenyl) phenyl- methanone; 2-benzoyl-5-methoxyphenol; 2-hydroxy-4-methoxybenzophenone; (2-hydroxy-4-methoxyphenyl) phenylmethanone; 4-methoxy-2-hydroxybenzophenone; advastab 45; ai3-23644; anuvex; b3; benzophenone. Widely used, although less and less since it is one of the worst chemical filters that exists, especially BP-3 or Oxybenzone, which has multiple endocrine disrupting effects, is bioaccumulative, persistent in the environment, is associated with photoallergic reactions, is absorbed in significant amounts through the skin, passes into breast milk. There is evidence of neurotoxicity and ecotoxicity affecting many aquatic species [15,68]. With the current data, it should be prohibited. The CDC found it in the bodies of 97% of Americans tested in one study. Always avoid. (EGW 8 fair)



	
Anthranilates: They are weak UVB absorbers and mainly UVA absorbers, but less effective than benzophenones.



	
Avobenzone (Butyl Methoxydibenzoylmethane, Parsol 1798) Today one of the safest chemical filters. Allergies rare. It degrades easily in sunlight, losing its effectiveness, although it can be stabilized with other safe substances such as Octisalate. Ecotoxin. The most recommended by the EWG. (EWG 2 limited)



	
Mexoryl SX: Tetraphthalidine sulfonic acid dialcamphor: Broad UVA absorber with efficacy similar to avobenzone. It is also considered safe. (EWG sec 2 limited)






Figure 2 shows how UV filters can affect the human body.




3.1.3. Broad Spectrum Filters (UVA and UVB)


In recent years, new filters have appeared that absorb, reflect, and scatter light, and are a hybrid between mineral and chemical filters. They have been created to avoid the problems of the old chemical filters. They are larger, are not absorbed, are not very allergenic and for the time being they appear to be safe [7,60].




	
Tinosorb M (Methylene bis-benzotriazolyl tetramethylbutylphenol) is not absorbed, is photostable, and there are few studies on it. Possible environmental contaminant. Not allowed in the USA. Acceptable filter but caution due to lack of studies. (EWG 1 limited).



	
Tinosorb S (Bis-Ethylhexyloxyphenol methoxyphenyl triazine: Photostable and non-estrogenic. Few studies on toxicity. Acceptable but caution due to lack of studies. (EWG 0 limited). Not allowed in the USA.



	
Iscotrizinol (Uvasorb HEB, diethylhexyl butamido triazone) No data, acceptable/caution. (EWG 2 limited).








Table 2 shows a classification of the most used compounds as organic filters.





3.2. Inorganic Filters (Minerals)


These filters are the safest and most recommended, since they are not absorbed through the skin. It has been found that these filters have lower penetration into Langerhans cells, keratinocytes, and melanocytes (living epidermis), and thus present a lower risk of inducing allergic contact reactions [69]. U.S. Food and Drug Administration (FDA) has approved two inorganic (mineral) filters: titanium dioxide (TiO2) and zinc oxide (ZnO) [41,60,70]. These particles act by absorbing, reflecting, and refracting UV photons but its primary function in photoprotection is absorbing UV radiation [23]. Sunscreens utilize ZnO and TiO2 since they reflect and absorb UV photons. These particles have the ability to protect against UV exposure, directly related to particle size.



The size of ZnO and TiO2 particles ranges from 200 to 400 nm and 150 to 300 nm, respectively [71]. White and chalky texture on the skin’s surface is due to larger particle size (EWG’s Sunscreen Guide) [62]. Patient dissatisfaction and cosmesis have encouraged new formulations with nanoparticles with decreased particle size. These nanoparticles of ZnO and TiO2 have helped to create of a non-greasy formulation, transparent, cheaper and which is not degraded with UV radiation exposure [71]. In 2018, the EWG reported that a large increase in these inorganic filters with ~41% of sunscreens in the United States designated as mineral only (EWG’s Sunscreen Guide) [62].



ZnO and TiO2 are able to penetrate the stratum corneum, enter the dermis and ultimately the systemic circulation, risking oxidative stress and cellular toxicity. However, in vivo and in vitro studies have found that these minerals do not permeate the skin to any degree [70,72,73,74,75,76].



The lungs are unable to clear nanoparticles. Inhalation of these substances is considered to be a potential risk, so the EWG has recommended not use powdered products or spray sunscreens containing ZnO and TiO2 [62,77].



One possible UV filter that has been suggested is cerium oxide (CeO2). Some photoprotective formulations commercialize this substance with silica coating because of its high photocatalytic activity, responsible for oxidation and degradation of other formulations’ components [78]. Seixas and Serra have studied cerium phosphate (CePO4) similarly to CeO2 [79]. CePO4 possesses high photocatalytic activity, low amount of white residue when applied on the skin, and increased stability being a potential future novel, stable, and efficient inorganic UV filter [79].




3.3. Biological Sunscreens


Natural selection and evolution have ensured that plants and animals have developed effective protective mechanisms against the deleterious side effects of oxidative stress and ultraviolet radiation (UV) [80].



Natural antioxidants such as sun blockers have drawn considerable attention. However, their mechanism of action as sunscreen molecules has not been clearly elucidated. Natural compounds show weaker antioxidant activities. Their activity is associated with their photochemical properties [81]. It is known that natural compounds that absorb UV, have antioxidant, anti-inflammatory, and immunomodulatory effects, so they could be part of safer creams. However, more studies in this regard are needed to demonstrate their real effectiveness in preventing skin cancer, recommended dose, and mode of application [3,82].



The most advanced studies and for which there is more data on effectiveness are:




	
Lignin: this compound acts as UV blocking agent, with antioxidant properties due to its ability to capture free radicals [83].



	
Silymarin: native to the Silybum marianum, itis known for its antioxidant properties. Silymarin and its flavonolignans are useful agents that may protect the skin against the adverse impacts of solar radiation [84].



	
Marine antioxidants: the potential use of antioxidants derived from marine organisms as radiation-protective agents for skin have been evaluated in several studies [85,86].



	
Plants: recently, many other plant-derived extracts have been used as UV blocking agents:




	-

	
Sphaeranthus indicus (SI) Linn (Asteraceae): rich in phenols, flavonoids, and mushroom tyrosinase [87].




	-

	
Elaeagnus angustifolia (E. angustifolia): leaf extracts from this plant have been used to develop a topical sunscreen formulation [88].




	-

	
Moringa oleifera: their extracts are rich in polyphenols such as quercetin, rutin, chlorogenic acid, ellagic acid, and ferulic acid that can be used in sunscreens [89].




	-

	
Helianthus annuus: its seed oil belongs to the linoleic acid and oleic acid category of oils [90]. The alkyl polyglucoside (APG) emulsifier exhibits good emulsifying properties with a good SPF.




	-

	
Cistus incanus L. and Cistus ladanifer L.: its components in their extracts have abundant polyphenolic that are beneficial sources of sunscreen and preserve the skin from UVR-mediated oxidative damage [91].
















4. Discussion


Some studies reported the possible negative impact of UV filters in the human body because UV filters have the ability to penetrate the skin and reach the blood circulation, triggering concerns. Regarding organic UV filters, particularly benzophenone and cinnamate derivatives, their presence in urine and blood samples has been detected [92]. Regarding inorganic filters, it was reported that nanoparticles remain in the stratum corneum without penetrating into the skin [19].



The potential endocrine disruption of UV filters in biological samples have been reported in several studies [14,93,94]. The possible endocrine disrupting effects resulting from UV filters exposure in human embryos has been studied [13] showing that the frequency of detection of UV filters (benzophenone derivatives) varied between 17% and 100%. Benzophenone-4 (BP-4) was the UV filter that tended to accumulate in the placenta the most among these types of compounds (concentrations between 0.25 ng/g and 5.41 ng/g) [13].



Other negative effects of UV filters on cytotoxicity, behavioral changes, and neurotoxicity have been studied using in vivo models [95,96,97,98,99,100,101,102].



Aromatic ketones have appeared in benzophenone and dibenzoylmethane derivatives, possibly being the most toxic filters (toxic and allergic reactions) [103], and also because of the photoisomerization process leading to the formation of toxic and reactive photodegradation products [104].



The chemical structure of other UV filters such as cinnamates, octocrylene [105], and camphor derivatives seems to be implicated in their toxic effects and reactions with skin proteins producing skin sensitization reactions and allergic contact dermatitis [106]. The toxicity range of different compound used in organic/inorganic filters is shown in Table 3.



It seems that natural compounds from plants as potential sunscreen ingredients are the safest and the most effective UV filters. When these compounds are compared to synthetic products, they have higher UV assimilation and antioxidant capacities. The long-term effects of new substances are not studied before they are used. From time to time, new evidence appears relating to substances that we considered innocuous and end up being either modified or prohibited after years of use.



One of the objectives of the Regulation (EC) No. 1223/2009 of the European Parliament and of the Council, of 30 November 2009 is to ensure that cosmetic products are safe under normal or reasonably foreseeable conditions of use. In particular, a rationale based on the balance between risks and benefits should not serve as a justification for a risk to human health. Chapter X of the aforementioned regulation on application measures and additional provisions says that when there is a potential risk to human health derived from the use of substances in cosmetic products that must be addressed at Community level, the Commission may make changes to their use in order to adapt them to scientific and technical progress.



Recently, the Commission Regulation (EU) 2022/1176 of 7 July 2022 was published which modifies Regulation (EC) No. 1223/2009 of the European Parliament and of the Council regarding the use of certain ultraviolet filters in cosmetic products, by modifying the safe concentrations of the filters 2-hydroxy-4-methoxybenzophenone/oxybenzone or benzophenone-3 and 2-cyano-3,3-diphenylacrylic acid 2-ethylhexyl ester/9ctocrylene or octocrylene.




5. Conclusions


Organic sunscreen filters such as oxybenzone and octinoxate have become controversial due to their potential health and environmental risks.



Regarding inorganic sunscreen filters, the health risks of ZnO and TiO2 to humans is extremely low, primarily due to a lack of absorption across both intact and damaged skin.



It is important to study in detail possible compounds that could be used in cosmetics and note that substances we have considered innocuous could be either modified or prohibited after years of use.



Although the legislation is being updated according to scientific evidence on safety, the final consumer does not have enough tools or information to make their own decision since the legislation does not oblige manufacturers to specify the concentration of each substance on the packaging. The compounds are only ordered depending on the amount present in the final product, which provides qualitative but not quantitative information.
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Figure 1. Type of filters and its mechanism of action. 
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Figure 2. How human body is affected by UV filters. 
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Table 1. The most used organic filters and their possible risks (based on EWG classification).






Table 1. The most used organic filters and their possible risks (based on EWG classification).










	UVB Filters/Risks
	UVA Filters/Risks
	Broad Spectrum Filters (UVA and UVB)/Risks





	PABA and derivates

- Octyldimethyl PABA or Padimate O: EDC (estrogenic), liberator of free radicals, allergic reactions. Always avoid.

- Ethylhexyl triazone (octyl triazone): Free radical liters with sunlight. Prudence.
	Benzophenones (BP-3 or Oxybenzone): EDC effects, bioaccumulative, photoallergic reactions, absorbed through the skin, passing into breast milk. Neurotoxicity. Always avoid
	Tinosorb M (Methylene bis-benzotriazolyl tetramethylbutylphenol): Possible environmental contaminant. Acceptable/caution.



	Cinnamates

- Octinoxate (Octyl Methoxycinnamate, OMC, Ethylhexyl Methoxycinnamate, EHMC): confirmed EDC, persistent and bioaccumulative, absorbed through the skin, appears in breast milk. Always avoid.

- Cinoxato (2-Ethoxyethyl-P-Methoxycinnamate): In disuse. Little data on its safety. Avoid as a precaution.
	Anthranilates: less effective than benzophenones.
	Tinosorb S (Bis-Ethylhexyloxyphenol methoxyphenyl triazine): non-estrogenic. Acceptable/caution.



	Salicylates: Better security profile.

- Octisalate (ethylhexyl salicylate, 2-Ethylhexyl 2-Hydroxybenzoate): Acceptable chemical filter.

- Homosalate (3,3,5-Trimethyl-Salicylate Cyclohexanol; 3,3,5-Trimethylcyclohexyl 2-Hydroxybenzoate): Highly Polluting, weak EDC, decomposes with light into oxidizing substances harmful skin. Increases the absorption of other substances. Avoid.
	Avobenzone (Butyl Methoxydibenzoylmethane): Rare allergies. The most recommended by the EWG.
	Iscotrizinol (Uvasorb HEB, diethylhexyl butamido triazone): No data, Acceptable/caution.



	Octocrylene: EDC activity, allergies and/or (photo)allergies. Avoid.
	Mexoryl SX (Tetraphthalidine sulfonic acid dialcamphor): also considered safe.
	



	Ensulizole (2-Pheny 1H-benzimidazole 5-Sulfonic acid, PBSA): produces free radicals (DNA damage and potentially skin cancer. Avoid.
	
	



	4-Methylbenzylidene Camphor: EDC, persistent and bioaccumulative. Possible thyroid toxicity. Always avoid.
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Table 2. Classification of different compounds used as filters.
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	Inorganic Filters
	Organic Filters
	Biological Filters





	Titamiun dioxide
	PABA and derivates
	Lignin



	Zinc Oxide
	Cinnamates
	Silimarine



	
	Salicylates
	Marine antioxidants



	
	Octocrylene
	Plant-derived extracts



	
	Ensulizole
	



	
	4-Methylbenzylidene Camphor
	



	
	Benzophenones
	



	
	Anthranilates
	



	
	Avobenzone
	



	
	Mexoryl SX
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Table 3. Toxicity range of organic/inorganic filters (based on EWG’s Sunscreen Guide).
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	Compounds in Organic/Inorganic Filters
	Toxicity Range (1–10)





	Oxybenzone
	High Danger: 7–10



	Ethylhexyl methoxycinnamate
	High Danger: 7–10



	Homosalate
	High Danger: 7–9



	Octisalate
	High Danger: 7–9



	Octocrylene
	Medium Danger: 3–6



	Titanium dioxide
	Low Danger: 1–2



	Zinc oxide
	Low Danger: 1–2
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