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Abstract 

The world coastal-zone population and the coastal tourism are expected to grow during 

this century. Associated to that, there is an increase in the use of sunscreens, and 

cosmetics with UV-filters in their formulation, that point out coastal regions worldwide 

susceptible to receive the impact of these cosmetics. Recent investigations indicate that 

organic UV-filters and inorganic oxide nanoparticles as well as many other components 

that are constituents of the sunscreens reach the marine environment and cause harmful 

effects. This review examines the research studies done on sunscreens in the 

environment, highlights the environmental risk in coastal areas and suggests future 

directions.  
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Highlight:  

1. Revision of research studies on sunscreens in the environment. 

2. Environmental implications of sunscreen’s components into the coastal 
ecosystem. 

3. More studies about sunscreens in the environment need to be addressed. 

 

	  

	  



 4	  

1. Introduction 1	  

Throughout the history of human beings, the sun has been an object of adoration 2	  

and exploration. However, it was not only an admiration. Since humans lost their pelage 3	  

and exposed their skin to sunlight they felt the need to protect themselves, either 4	  

wearing appropriated clothes or by using paints or powders. As far as we know, the 5	  

ancients Egyptians were the first to use a kind of sunscreen made by olive oil, and this 6	  

was also the case in Greece and Rome. However, it was at the end of the nineteenth 7	  

century when it was reported the first scientific research of a sunscreen protection. From 8	  

1887 to 1934 several compounds that can be used as filters of the ultraviolet radiation 9	  

(UV-filters) were discovered and in 1928 the first sunscreen was commercially 10	  

available. It was during these years when international cosmetic companies were born 11	  

(e.g. L’Oreal, Delial, Piz Buin, Coppertone, etc.) and when sunscreens became widely 12	  

used among population (Rik Roelandts, 2008; Urbach, 2001). After the World War II, a 13	  

tanned skin became synonymous of good health and beauty.  14	  

Nowadays, sunscreens have been shown to give the most effective protection 15	  

against ultraviolet (UV) radiation damage (Diffey, 2005). A white pale skin has 16	  

become to be stylish again because people are concerned about skin damage caused by 17	  

excessive sunlight exposure and thus they have become to use sunscreens all around the 18	  

globe (Urbach, 2001). Short exposure (between 5 and 10 minutes) to UV radiation has 19	  

therapeutic effects, i.e. it improves the production of vitamin D and this will increase 20	  

the calcium absorption, therefore it will prevent from rickets in children and 21	  

osteoporosis in adults. However, longer exposures can cause severe harm to skin such 22	  

as skin aging, the erythema (sunburn) and/or melanoma (Holick, 2004). 23	  

Three segments compose the sun care market: sun protection, after sun and self-24	  

tanning. This market increase every year worldwide due to the awareness of the risk 25	  

associated with the sun exposure (“What’s Hot around the Globe: Insights on Personal 26	  

Care Products. Global Service Studies Website;,” 2007). Cosmetic companies flood the 27	  

market every year with new products, formulations and terms like “nanoparticles”, 28	  

“waterproof” or “broad spectrum” that generates confusion among the user, that are 29	  

claiming for an effective sunscreen (Kamerow, 2014). 30	  

 Coastal and marine tourism is the fastest growing sector of the global tourism 31	  

industry. The growth of this sector includes the development of the infrastructures 32	  
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(hotels, ports, second homes, marinas, etc.), water activities and sports (i.e. recreational 33	  

fishing, yachting, diving, etc.) necessary to accommodate and entertain the large 34	  

number of visitors to the coastal areas. The impact caused by these activities in the 35	  

coastal environment has been reported in several studies (Davenport and Davenport, 36	  

2006; Gormsen, 1997; Hall, 2001). Thus, environmental degradation and pollution (e.g. 37	  

by yachts fuel, littering, temporally increase of terrestrial runoff, etc.), destruction of 38	  

habitats (e.g. destruction of coral reefs due to excessive visitations, disturbance of 39	  

nearshore aquatic life, etc.) or damage to sand-dune ecosystems (e.g. lost of sandy 40	  

beaches due to onshore construction) are some of the impacts of coastal tourism.  41	  

Despite that coastal tourism is the fastest growing sector in the world (with the 42	  

consequent increasing in the use of sunscreen), the implications of sunscreens as a 43	  

source of new chemicals into the coastal marine system have been poorly evaluated. 44	  

 45	  

1.1 Main components of sunscreens 46	  

Sunscreen cosmetic could be defined as: “any cosmetic product containing UV-47	  

filters in its formulation in order to protect the skin from the solar deleterious UV-light, 48	  

avoiding or minimizing the damage that this radiation might cause on human health” 49	  

(Salvador and Chisvert, 2005). Therefore, the most important components of the 50	  

sunscreens are the UV-filters: substances with range of light absorption in the range of 51	  

UVA (400 – 320 nm) and/or UVB (320 – 280 nm) and with nearly null absorption of 52	  

visible radiation (Díaz-Cruz and Barceló, 2009).  53	  

Concentration limits that can be used in sunscreen formulations depend on the 54	  

different regulations worldwide (Table 1). UV-filters can be organic (classified into 55	  

different families: i.e. benzophenone derivatives, salicylates, cinnamates, camphor 56	  

derivatives, p-aminobenzoic acid and its derivatives, etc. (Chisvert and Salvador, 57	  

2007)), or inorganic (with only two allowed compounds: titanium dioxide (TiO2) and 58	  

zinc oxide (ZnO)). General usage of these inorganic components in the formulation of 59	  

sunscreens is in the form of nanoparticles (nano-TiO2 and nano-ZnO, with size around 60	  

≤100 nanometers) because they give an effective protection and they do not whiten the 61	  

skin (Osterwalder et al., 2014). Because its photocatalytic properties, TiO2 nanoparticles 62	  

used in sunscreens are coated with aluminum oxide or silica to prevent the formation of 63	  
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reactive oxygen species (ROS) (Jansen et al., 2013a). Commonly, ZnO in sunscreens 64	  

are in the form of nanorods while TiO2 are nanoparticles in the rutile structure (Lewicka 65	  

et al., 2011). L’Oreal Group was the first company that in August 1993 patented the use 66	  

of nanoparticles of metal oxides as ingredients in sunscreens (Forestier et al., 1995). 67	  

The action mode of both types of UV-filters are different: while the organic absorbs a 68	  

specific wavelength, the inorganic ones can give a boarder spectrum protection due to 69	  

their triple action mode: reflection, scattering and absorption of the UV radiation 70	  

(Manaia et al., 2013). Normal sunscreens are formed by one or more of these UV-71	  

filters: organic, inorganic or a mixture of both. This combination increases the 72	  

protection giving broad-spectrum sunscreens.  73	  

Emollients and emulsifiers are present in an elevated percentage in the 74	  

composition of sunscreens. Emollients play a triple role in the sunscreens composition: 75	  

they enable solubilization of some UV-filters (i.e. benzoate esters), photostabilization of 76	  

unstable UV-filters (i.e. butyloctyl salicylates) and they enhance sensorial feeling in 77	  

terms of spreading, greasiness, stickiness, etc. (i.e. dicaprylyl carbonate) (Osterwalder et 78	  

al., 2014). Some emollients can also have an inherent UV absorption that increase the 79	  

broad spectrum of protection. Emulsifiers are amphiphilic molecules that reduce 80	  

interfacial tension between two immiscible liquids playing an important role in the 81	  

stability of the emulsion, consistency, skin feel and care properties of the formulation 82	  

(Al-Bawab and Friberg, 2006; Plass et al., 2001). The emulsifier system defines the 83	  

emulsion type: traditionally, oil-in-water (O/W) or water-in-oil (W/O) system 84	  

(Osterwalder et al., 2014), besides new formulations of sunscreens became popular 85	  

among consumers: oils, water-based and hydroalcoholic lotions and microemulsions, 86	  

also called easy-to-use sunscreens (Chisvert and Salvador, 2007). Anionic emulsifiers 87	  

such as alkyl phosphates (i.e. potassium cetyl phosphate) are commonly used to 88	  

stabilize O/W emulsions and allow the incorporation of inorganic UV-filters (Miller et 89	  

al., 1999; Osterwalder et al., 2014). Other emulsifiers such as PEG-30 90	  

dipolyhydroxysterate, stabilized W/O systems improving the water resistance of the 91	  

sunscreens and they may incorporate lipophilic-coated inorganic UV-filters. 92	  

In sunscreen composition we can find many other ingredients such as rheology 93	  

modifiers (thickeners as glycerin or fatty acids), film former agents as acrylates 94	  

copolymer or silicones, sensory enhancers that improve the skin feeling (i.e. silica, 95	  

nylon-based compounds, etc.) and in some cases antioxidants such as vitamin C and 96	  
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vitamin E, which are included to reduce the oxidative stress generated by ROS 97	  

formation via UV radiation. Moreover, other photoprotective agents in sunscreens 98	  

provide protection from erythema and also reduce inflammation and oxidative damage; 99	  

as for example carotenoids, polyphenols, algae extracts, nicotiamide (amide form of 100	  

vitamin B3), vitamin A (incorporated as retinyl palmitate), selenium (in the forms of 101	  

selenium sulfide or L-selenomethionine, that increase the minimal erythema dose), etc. 102	  

(Chen et al., 2012; Chen and Wang, 2012; Jansen et al., 2013b; Osterwalder et al., 103	  

2014). 104	  

Table 1. Permitted UV-filters according to the different regulations (Source: “Clinical Guide to Sunscreens and 
Photoprotection”, edited by Henry W. Lim and Zoe Diana Draelos; Informa	  Healthcare	  USA,	  Inc.). 

Maximum concentration (%) 
  

UV-filter (INCI name) USA 
 

EU Canada 
Australia 
and NZ China India Japan Korea 

South 
Africa ASEAN MERCOSUR 

3-Benzylidene camphor   2     2 2     2 2 2 
4-Methylbenzylidene 
camphor   4 6 4 4 4   5   4 4 

Benzophenone-1             10   10     

Benzophenone-2             10   10     

Benzophenone-3 6 10 6 10 10 10 5 5 10 10 10 

Benzophenone-4 10   6 10 5 5 10 5 5 10 (#) 10 

Benzophenone-5   5 6 10 5 5 10   5 5 5 

Benzophenone-6             10   10     

Benzophenone-8 3   3 3       3 3 3 (#) 3 

Benzophenone-9             10   
No 

limit     
Benzylidene camphor 
sulfonic acid   6   6 6 6     6 6 6 
Bis-ethylhexyloxyphenol 
methoxyphenyl triazine   10   10 10 10   10 10 10 10 
Butyl 
methoxydibenzoylmethane 3 5   5 5 5 10 5 5 5 5 
Camphor benzalkonium 
methosulfate   6   

6  
(NZ = 8) 6 6     6 6 6 

Cinoxate 3   3 
6  

(NZ = 3)     5 5 5 3 3 

DEA methoxycinnamate     10           8 10   
Diethylamino hydroxy 
benzoyl hexyl benzoate   10     10           10 
Diethylhexyl butamido 
triazone   10     10 10   10 10 10 10 

Digalloyl trioleate               5 5 5 (#)   
Diisopropyl 
methylcinnamate             10   10     
Dimethoxyphenyl-[1-(3,4)]-4,4-
dimethyl 1,3 pentanedione*           7   7     
Disodium phenyl 
dibenzylmidazole 
tetrasulfonate   10   10 10 10   10   10 10 

Drometrizole               7       

Drometrizole trisiloxane   15 15 15 15 15 15 15   15 15 
Ethyl dihydroxypropyl 
PABA                 5 5   
ethylhexyl dimethoxy benzylidene 
dioxoimidazole propionate           3         

Ferulic acid*             10   10     
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Glyceril octanoate 
dimethoxycinnamate             10   10     

Glyceril PABA               3 5 3 (#)   

Homosalate 15 10 15 15 10 10 10 10 10 10 15 
Isoamyl p-
methoxycinnamate   10   10 10 10   10 10 10 10 
Isopentyl 
trimethoxycinnamate 
trisiloxane*             7.5         

isopropyl methoxycinnamate             10   10     

isopropyl salicylate*                 4     

menthyl anthranilate 5   5 5       5 5 5 (#) 5 
Methylene bis-
benzotriazolyl 
tetramethylbutylphenol   10   10 10 10 10     10 10 

Octocrylene 10 10 12 10 10 10 10 10   10 10 

Octyl dimethyl PABA 8 8 8 8 8 8 10 8 8 8 8 

Octyl methoxycinnamate 7.5 10 8.5 10 10 10 20 7.5 10 10 10 

Octyl salicylate 5 5 6 5 5 5 10 5 5 5 5 

Octyl triazone   5   5 5 5 3 5 5 5 5 

PABA 15 5 5 15 5 5 4 5   5 15 

PEG-25 PABA   10   10 10 10       10 10 

Pentyl dimethyl PABA*             10     5   
Phenylbenzimidazole 
sulfonic acid 4 8 8 4 8 8 3 4   8 8 
Polyacrylamidomethyl 
benzylidene camphor   6     6 6       6 6 

Polysilicone-15   10   10 10   10 10 10 10 10 

TEA salycilate 12   12 12           12 12 
Terephthalylidene 
dicamphor sulfonic acid   10 10 10 10 10 10 10   10 10 

Titanium dioxide 25 25 25 25 25   
No 

limit 25   25 25 

Zinc oxide 25   25 

No limit 
(NZ = 

25) 25   
No 

limit 25   20 25 
β, 2-glucopyranoxy propyl 
hydroxy benzophenone*             5   5     
INCI: International Nomenclature of Cosmetic Ingredients; (*) no INCI name; NZ: New Zealand; (#) Permitted only in Thailand; 
ASEAN (Brunei, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand and Vietnam); MERCOSUR 
(Argentina, Brazil, Paraguay and Uruguay). 
Reference: (Farah K. Ahmed, 2008). 

 105	  

2. Analytical methodologies for the determination of UV-filters in environmental 106	  

samples 107	  

Although the development of sensitive analytical methodologies during last 108	  

years has allowed the determination of UV-filters and its derivatives in different 109	  

environmental compartments, information about the presence and concentrations of 110	  

these components in the marine environment is very scarce.  111	  

2.1 Organic UV-filters 112	  

There are 50 organic compounds allowed by different legislations to be used as 113	  
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UV-filters in sunscreen composition (Table 1). However, only 16 have been analyzed in 114	  

environmental matrices (Table 2), therefore the environmental implications of organic 115	  

UV-filters cannot be completely estimated. 116	  

Table 2. Organic UV-filters studied in environmental matrices. 

  INCI namea CAS Nº Empirical formula 

3-BC 3-Benzylidene camphor 15087-24-8 C17H20O 

4-MBC 4-Methylbenzylidene camphor 36861-47-9 C18H22O 

BDM Butyl methoxydibenzoylmethane 70356-09-1 C20H22O3 

BZ-1 Benzophenone-1 131-56-6 C13H10O3 

BZ-2 Benzophenone-2 131-55-5 C13H10O5 

BZ-3 Benzophenone-3 131-57-7 C14H12O3 

BZ-4 Benzophenone-4 4065-45-6 C14H12O6S 

BZ-8 Benzophenone-8 131-53-3 C14H12O4 

HS Homosalate 118-56-9 C16H22O3 

IMC isoamyl p-methoxycinnamate 71617-10-2 C15H20O3 

OCR Octocrylene 6197-30-4 C24H27NO2 

ODP Octyl dimethyl PABA 21245-02-3 C17H27NO2 

OMC Octyl methoxycinnamate 5466-77-3 C18H26O3 

OS Octyl salicylate 118-60-5 C15H22O3 

OT Octyl triazone 88122-99-0 C48H66N6O6 

PBS Phenylbenzimidazole sulphonic acid 27503-81-7 C13H10N2O3S 
a INCI (International Nomenclature for Cosmetic Ingredients) elaborated by the 
Personal Care Products Council (CTFA) and the European cosmetic, toiletry and 
perfumery industry (COLIPA). CAS Nº (numerical identifier assigned by Chemical 
Abstracts Service). 

 117	  

Many analytical methodologies have been developed for the determination of 118	  

organic UV-filters in different natural matrices (Díaz-Cruz and Barceló, 2009; Salvador 119	  

and Chisvert, 2005). Due to the very low concentration of organic UV-filters in the 120	  

environment (ranging from pM to nM), a pre-concentration step is necessary previous to 121	  

the analysis (mostly based on extraction and microextraction procedures such as 122	  
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pressurized liquid extraction, ionic liquid-based single drop microextraction, stir bar 123	  

sorptive extraction, dispersive liquid-liquid microextraction, solid-phase extraction and 124	  

microextraction, micelle mediated extraction-solvent back extraction, non-porous 125	  

membrane-assisted liquid-liquid extraction, etc.). Pre-concentrated analytes are usually 126	  

separated and quantified by chromatographic techniques coupled with mass 127	  

spectrometry detection (LC-MS/MS, GC-MS/MS, UHPLC-MS/MS, etc.) (Benedé et 128	  

al., 2014a, 2014b; Bratkovics and Sapozhnikova, 2011; Cuderman and Heath, 2007; 129	  

Gago-Ferrero et al., 2013b, 2013c, 2011a; Giokas et al., 2005, 2004; Gómez et al., 130	  

2009; Lambropoulou et al., 2002; Magi et al., 2012; Nguyen et al., 2011; Oliveira et al., 131	  

2010; Pedrouzo et al., 2010, 2009; Rodil et al., 2009a, 2009b, 2009c; Rodil and Moeder, 132	  

2008; Sánchez-Brunete et al., 2011; Tarazona et al., 2010; Trenholm et al., 2008; Vidal 133	  

et al., 2010; Wick et al., 2010). Passive sampling devices are sometimes used to 134	  

sampling during large periods of time. For example, the use of semipermeable 135	  

membrane devices (SPMDs) were used in Swiss lakes and rivers during 3 weeks 136	  

(Balmer et al., 2005; Buser et al., 2005) and during a cruiser across the Pacific Ocean 137	  

(Goksøyr et al., 2009).  138	  

2.2 Inorganic UV-filters 139	  

Some analytical approaches have also been proposed for the determination of 140	  

titanium dioxide nanoparticles as the main inorganic UV-filters in the marine 141	  

environment. Analytical methodologies for the analysis of nanoparticles in 142	  

environmental matrices imply separation methods (e.g. size-exclusion chromatography, 143	  

hydrodynamic chromatography, counter-current chromatography, electrophoresis and 144	  

capillary electrophoresis or field-flow fractionation), electron microscopy techniques 145	  

(e.g. transmission electron microscopy, scanning electron microscopy, scanning tunnel 146	  

microscopy and atomic force microscopy), scattering (dynamic light scattering) and 147	  

spectroscopy techniques (nuclear magnetic resonance and X-ray spectroscopy) (Farré 148	  

and Barceló, 2012; López-Heras et al., 2014). In addition to the composition, these 149	  

techniques provide information about concentration, size distribution, crystallographic 150	  

structure and morphology. Because of the lack of accuracy methodologies for the 151	  

analysis of nanomaterials in the complex matrix of seawater, concentration of total Ti4+ 152	  

after acid digestion is often reported (Luo et al., 2014). In that sense, recently it has 153	  

been reported a new procedure for the determination of Ti4+ in environmental samples 154	  

(Sánchez-Quiles et al., 2013).  155	  
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Analysis of nanoparticles in marine environmental samples is limited due to the 156	  

lack of reliable methods for its detection and quantification. In addition to the electronic 157	  

microscopy and particle size techniques (such as hydrodynamic chromatography or 158	  

electrophoresis), news methods based on asymmetrical flow field-flow fractionation 159	  

coupled to ICP-MS (asFlFFF-ICP-MS) and single particle ICP-MS (SP-ICP-MS) have 160	  

been reported for analysis of nano-TiO2 in different environmental samples (Laborda et 161	  

al., 2014; Lee et al., 2014; López-Heras et al., 2014). Although these methods have 162	  

demonstrated to be useful for analysis of nanoparticles they have not been tested in 163	  

seawater samples. 164	  

 165	  

3. Sunscreens in the environment 166	  

In parallel with the development of new analytical methodologies, 167	  

ecotoxicological assays have been performed in aquatic organisms in order to establish 168	  

the toxicity thresholds for these compounds. 169	  

It is expected that, on the skin, UV-filters should be photostable under sunlight, 170	  

however in aqueous media can undergo to a undesirable products that could 171	  

compromise their UV absorption properties (Santos et al., 2012). Organic UV-filters 172	  

can undergo to degradation products by different mechanisms: photolysis and 173	  

photoisomerization, break down by products in wastewater treatment plants (WWTP) or 174	  

can be metabolized by kidneys after topical application and their metabolites can be 175	  

excreted in the urine (Díaz-Cruz et al., 2008). UV-filters can reach the marine 176	  

environment mainly by two different ways: directly as consequence of water 177	  

recreational activities and indirectly from WWTP effluents (Díaz-Cruz and Barceló, 178	  

2009; Giokas et al., 2007). 179	  

As a consequence of the increasing coastal tourism and the use of sunscreens the 180	  

interest of researchers in the determination of organic UV-filters in different 181	  

environmental and urban compartments has increased in last years (Figure 1). Because 182	  

WWTP cannot remove efficiently high concentrations of the organic UV-filters, and in 183	  

spite of the natural degradation that occurs in the environment, these compounds are 184	  

present in effluents and freshwaters that finally can reach to the sea. Sunscreen organic 185	  

components have been determined in seawater, freshwaters (rivers and lakes), 186	  
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sediments, WWTP influents and effluents, swimming pools, urban groundwater and 187	  

even in tap water (Table 3). These ingredients even have been found in the lipid tissue 188	  

of natural populations of aquatic organisms such as mussels, crustacean, eels, fishes, 189	  

marine mammals and aquatic birds (Table 3), suggesting that bioaccumulation of 190	  

organic UV-filters in the food webs may be happening. 191	  

 192	  

Figure 1: Published research articles reporting environmental concentrations of organic 193	  
UV-filters. Bars represent research articles each year and black line represents the total 194	  
accumulated articles. 195	  

 196	  

 197	  

 198	  

 199	  

 200	  

 201	  

 202	  
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Table 3. Sample, analytical methodologies, detection limits and range of concentrations of the 
organic UV-filters in environmental samples. 

Organic 
UV-filter Sample Concentration 

3-BC Seawater* 9 – 13 ng L-1 
4-MBC Seawater* n.d. - 798.7 ng L-1 

  River water n.d. - 140 ng L-1 
  Lake water n.d. - 1,140 ± 50 ng L-1 
  WWTP (Influent) n.d. - 2.7 µg L-1 
  WWTP (Effluent) n.d. - 6.5 µg L-1 
  Swimming pool n.d. - 330 ng L-1 
  Tap water n.d. - 18 ng L-1 
  Urban groundwater  n.d. – 13.9 ng L-1 
  Marine sediments n.d. - 7.90 ng g-1 d.w. 
  River sediments n.d. - 17.2 ng g-1 d.w. 
  Lake sediments n.d. 
  STP effluent sediments n.d. 
 Beach sand n.d. – 2.0 ± 0.4 ng g-1 d.w. 
  Sewage sludge 150 – 4,980 ng g-1 d.w. 
  Coregonus sp. n.d. 
  Rutilus rutilus 44 - 94 ng g-1 lipid 
  Perca fluviatilis 166 ng g-1 lipid 
  Luciobarbus sclareti n.d. 
  Cyprinus carpio n.d. 
 Leuciscus cephalus/Barbus barbus n.d. 

BDM Seawater n.d. - 321 ng L-1 
  Lake water < 20 - 2,431 ± 22 ng L-1 
  WWTP (Influent) 35.0 - 1,290.2 ng L-1 
  WWTP (Effluent) n.d. - 1,018.3 ng L-1 
  Swimming pool n.d. 
 Sewage sludge 517 ± 78 ng g-1 d.w. 

BZ-1 Seawater n.d. - 280 ± 30 ng L-1 
  River water < 0.3 - 17 ng L-1 
  WWTP (Influent) n.d. - 722 ng L-1 
  WWTP (Effluent) n.d. - 155.0 ng L-1 
  Urban groundwater  n.d. - 19.4 ng L-1 
  Marine sediments n.d. 
  River sediments n.d. 
  Agricultural soil n.d. 
  Industrial soil n.d. - 5.7 ± 0.3 ng g-1 
  Activated sludges  5.1 ± 1.5 ng gTSS-1 
  Sewage sludge n.d. 
  Luciobarbus sclareti n.d. 
  Cyprinus carpio n.d. 

BZ-2 River water n.d. - 284 ng L-1 
  WWTP (Influent) n.d. - 93 ± 10 ng L-1 
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  WWTP (Effluent) n.d. - 14 ± 3 ng L-1 
  Urban groundwater  n.d. 
  Activated sludges  11 ± 2 ng gTSS-1 

BZ-3 Seawater* n.d. - 3,300 ± 200 ng L-1 
  River water n.d. - 114 ng L-1 
  Lake water < 2 - 125 ng L-1 
  WWTP (Influent) n.d. - 7.8 µg L-1 
  WWTP (Effluent) < 0.01 - 0.7 µg L-1 
  Swimming pool n.d. - 3.3 µg L-1 
  Tap water n.d. 
  Urban groundwater  n.d. - 34 ng L-1 
  Marine sediments n.d. - 2.96 ng g-1 d.w. 
  River sediments n.d. - 47 ± 13.1 ng g-1 d.w. 
  Lake sediments n.d. 
 Beach sand n.d. – 1.0 ± 0.1 ng g-1 d.w. 
  Agricultural soil n.d. 
  Industrial soil n.d. 
  STP effluent sediments n.d. 
  Activated sludges  132 ± 23 ng gTSS-1 
  Sewage sludge n.d. - 0.79 µg g-1 d.w. 
  Coregonus sp. n.d. 
  Rutilus rutilus 66 - 118 ng g-1 lipid 
  Perca fluviatilis 123 ng g-1 lipid 
  Luciobarbus sclareti n.d. - 24.3 ng g-1 d.w. 
  Cyprinus carpio 11.2 ng g-1 d.w. 
 Phalacrocorax sp. n.d. 
 Dreissena polymorpha n.d. 
 Gammarus sp. n.d. 
 Leuciscus cephalus n.d. 
 Salmo trutta n.d. – 151 ng g-1 lipid 
 Barbus barbus n.d. 
 Anguilla anguilla n.d. 

BZ-4 Seawater < 1 ng L-1 
  River water < 3 - 1,980 ± 130 ng L-1 
  WWTP (Influent) n.d.  - 4,858 ± 1,101 ng L-1 
  WWTP (Effluent) n.d.  - 1,947 ± 34 ng L-1 
  Tap water n.d. - 18 ng L-1 
  Urban groundwater  n.d. - 36.6 ng L-1 
  Activated sludges  29 ± 7 ng gTSS-1 
 Leuciscus cephalus/Barbus barbus n.d. 

BZ-6 Marine sediments n.d. 
  River sediments n.d. - 6.1 ± 0.3 ng g-1 
  Agricultural soil n.d. - 0.6 ± 0.4 ng g-1 
  Industrial soil n.d. 

BZ-8 Seawater n.d. 
  River water n.d. 
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  WWTP (Influent) n.d. - 185 ng L-1 
  WWTP (Effluent) n.d. - 83.5 ng L-1 
  Urban groundwater  n.d. 
  Marine sediments n.d. 
  River sediments n.d. 
  Agricultural soil n.d. 
  Industrial soil n.d. 

HS Seawater n.d. - 310 ± 20 ng L-1 
  River water n.d. - 345 ng L-1 
  Lake water n.d. 
  WWTP (Influent) n.d. -1,650.4 ng L-1 
  WWTP (Effluent) n.d. - 154.2 ng L-1 
  Swimming pool n.d. 
  Marine sediments n.d. 
  River sediments n.d. - 26 µg kg-1 d.w. 
  Lake sediments n.d. 
 Beach sand n.d. – 4.9 ± 0.7 ng g-1 d.w. 
  Agricultural soil n.d. 
  Industrial soil n.d. 
  STP effluent n.d. 
 Sewage sludge 331 ± 47 ng g-1 d.w. 

IMC Seawater n.d. - 280 ± 20 ng L-1 
  River water n.d. 
  Lake water 146 ± 20 ng L-1 
  WWTP (Influent) n.d. - 226.0 ng L-1 
  WWTP (Effluent) n.d. - 165.5 ng L-1 
  Swimming pool 700 ± 300 ng L-1 
  Tap water n.d. 
  Lake sediments n.d. 
 Beach sand n.d. – 1.3 ± 0.3 ng g-1 d.w. 
 Sewage sludge 20 ± 3 ng g-1 d.w. 

OCR Seawater n.d. - 2,780.7 ng L-1 
  River water n.d. - 283 ng L-1 
  Lake water n.d. - 4,381 ± 539 ng L-1 
  WWTP (Influent) n.d. - 5,322 ± 612 ng L-1 
  WWTP (Effluent) n.d. - 0.2 ± 0.06 µg L-1 
 Run off water 3 ng L-1 
  Swimming pool n.d. - 15 ng L-1 
  Tap water n.d. 
  River sediments n.d. – 2,400 ng g-1 d.w. 
  Lake sediments 61 ± 5 - 93 ± 4 ng g-1 
  STP effluent sediments 1.2 µg kg-1 d.w. 
 Sediments 2 -5 µg kg-1  
 Beach sand 1.7 ± 0.4 – 25 ± 3 ng g-1 d.w. 
  Sewage sludge 320 – 18,740  ng g-1 d.w. 
  Coregonus sp. n.d. 
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  Rutilus rutilus n.d. 
  Perca fluviatilis 25 ng g-1 lipid 
  Pontoporia blainvillei n.d. - 712 ng g-1 lipid  
  Mytilus Sp. n.d. - 7,112 ng g-1 d.w. 
  Luciobarbus sclareti n.d. - 30.4 ng g-1 d.w. 
  Cyprinus carpio n.d. 

ODP Seawater n.d. - 390 ± 40 ng L-1 
  River water n.d. - 47 ng L-1 
  Lake water n.d. - 34 ng L-1 
  WWTP (Influent) n.d. - 376.9 ng L-1 
  WWTP (Effluent) n.d. - 224.3 ng L-1 
  Swimming pool n.d. - 2.1 µg L-1 
  Tap water n.d. - 2.3 ng L-1 
  Urban groundwater  n.d. 
  River sediments n.d. – 17 ± 3 ng g-1 d.w. 
  Lake sediments n.d. 
  STP effluent sediments n.d. 
 Beach sand n.d. 
  Sewage sludge 1.9 ± 0.3 ng g-1 d.w. 
  Luciobarbus sclareti n.d. 
  Cyprinus carpio n.d. 

OMC Seawater* n.d. - 389.9 ng L-1 
  River water n.d. - 153 ng L-1 
  Lake water n.d. - 3,009 ± 206 ng L-1 
  WWTP (Influent) n.d. - 1.9  µg L-1 
  WWTP (Effluent) n.d. - 505.2 ng L-1 
 Run off water n.d. 
  Swimming pool n.d. - 86 ± 7 ng L-1 
  Tap water n.d. 
  Marine sediments n.d. - 17.8 ng g-1 d.w. 
  River sediments n.d. - 101 µg kg-1 d.w. 
  Lake sediments 14 ± 4 - 34 ± 6 ng g-1 
  STP effluent sediments 14 µg kg-1 d.w. 
 Sediments 34 – 880 µg kg-1  
 Beach sand n.d. – 10 ± 1 ng g-1 d.w. 
  Sewage sludge n.d. - 3.35  µg g-1 d.w. 
  Coregonus sp. n.d. - 72 ng g-1 lipid 
  Rutilus rutilus n.d. - 64 ng g-1 lipid 
  Perca fluviatilis n.d. 
  Mytilus Sp. 3 - 256 ng g-1 d.w. 
  Luciobarbus sclareti n.d. - 241.7 ng g-1 d.w. 
  Cyprinus carpio n.d. 
 Phalacrocorax sp. 16 – 701 ng g-1 lipid 
 Dreissena polymorpha 22 – 150 ng g-1 lipid 
 Gammarus sp. 91 – 133 ng g-1 lipid 
 Leuciscus cephalus 23 – 79 ng g-1 lipid 
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 Salmo trutta n.d. – 205 ng g-1 lipid 
 Barbus barbus n.d. – 337 ng g-1 lipid 
 Anguilla anguilla 30 ng g-1 lipid 

 Leuciscus cephalus/Barbus barbus 4 ± 5 – 142 ± 95 ng g-1 lipid 
OS Seawater n.d. - 880 ± 30 ng L-1 

  River water n.d. - 266 ng L-1 
  Lake water 748 ± 60 ng L-1 
  WWTP (Influent) n.d. -1,188.3 ng L-1 
  WWTP (Effluent) n.d. - 128.9 ng L-1 
  Swimming pool n.d. 
  Marine sediments 13.3 ± 0.4 ng g-1 
  River sediments n.d. - 20.0 ± 0.5 ng g-1 
  Lake sediments n.d. 
 Beach sand 1.8 ± 0.5 –12 ± 1 ng g-1 d.w. 
  Agricultural soil n.d. 
  Industrial soil n.d. 
  STP effluent sediments n.d. 
 Sewage sludge 280 ± 37 ng g-1 d.w. 

OT Sewage sludge 700 – 27,700 ng g-1 d.w. 
PBS Seawater n.d. 

  River water 48 ± 3 - 3,240 ± 140 ng L-1 
  WWTP (Influent) 196 ± 56 - 3,890 ± 170 ng L-1 
  WWTP (Effluent) n.d. - 1,820 ± 240 ng L-1 
  Tap water n.d. 
  Activated sludges  n.d. 
* Including surface microlayer; River water (river and stream); n.d. (no detected); d.w. (dry 
weight); WWTP (waste water treatment plant); STP (sewage treatment plant). 
References: (Amine et al., 2012; Arukwe et al., 2012; Bachelot et al., 2012; Balmer et al., 
2005; Barón et al., 2013; Benedé et al., 2014b; Bratkovics and Sapozhnikova, 2011; Buser et 
al., 2005; Cuderman and Heath, 2007; Fent et al., 2010b; Gago-Ferrero et al., 2013a, 2013b, 
2013c, 2011a, 2011b; Giokas et al., 2005, 2004; Goksøyr et al., 2009; Gómez et al., 2009; 
Jurado et al., 2014; Kameda et al., 2011; Kasprzyk-Hordern et al., 2008; Kawaguchi et al., 
2008; Lambropoulou et al., 2002; Langford and Thomas, 2008; Li et al., 2007; Magi et al., 
2012; Nguyen et al., 2011; Pedrouzo et al., 2010, 2009; Pintado-Herrera et al., 2013; Plagellat 
et al., 2006; Poiger et al., 2004; Ricking et al., 2003; Rodil et al., 2009a, 2009b, 2009c; Rodil 
and Moeder, 2008; Sánchez-Brunete et al., 2011; Tarazona et al., 2014, 2010; Tashiro and 
Kameda, 2013; Tovar-Sánchez et al., 2013; Trenholm et al., 2008; Tsui et al., 2014; Vidal et 
al., 2010; Wick et al., 2010; Zenker et al., 2008) 
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Many ecotoxicological studies have been done to assess the potential damage of 204	  

sunscreens and their components. In vitro experiments have demonstrated that organic 205	  

UV-filters might be toxic for some aquatic microorganism. For example, Sieratowicz et 206	  

al. (2011) calculated the half maximal inhibitory concentration (IC50) of benzophenone-207	  

3 (BZ-3), 3-bencylidene camphor (3-BC) and 4-methyl bencylidene camphor (4-MBC) 208	  
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for a freshwater phytoplankton specie Desmodesmus subspicatus (0.96 mg L-1, 6.99 mg 209	  

L-1 and 7.66 mg L-1, respectively) in 72 hours culture experiment. More recently, 210	  

Paredes et al. (2014) have calculated the toxicity according to the half maximal 211	  

effective concentration (EC50) in the specie Isochyris galbana concluding that toxicity 212	  

decreases from BZ-3, octyl methoxycinnamate (OMC), 4- MBC and benzophenone-4 213	  

(BZ-4) with EC50 of 13.87 ng mL-1, 74.72 ng mL-1, 171,45 ng mL-1 and > 10,000 ng 214	  

mL-1, respectively. In the protozoan Tetrahymena thermophila BZ-3 and 4-MBC could 215	  

inhibit the growth (EC50 of 7.5 mg L-1 and 5.1 mg L-1, respectively) in 24h of culture 216	  

experiments (Gao et al., 2013). The ecotoxicity of UV-filters in crustacean Daphnia 217	  

magna showed after 48 h that OMC was more toxic than 4-MBC, BZ-3, 3-BC and BZ-4 218	  

(EC50 of 0.29 - 0.57 mg L-1, 0.56 - 0.80 mg L-1, 1.67 – 1.9 mg L-1, 3.61 mg L-1 and 50 219	  

mg L-1, respectively) (Fent et al., 2010a; Sieratowicz et al., 2011).  220	  

Evaluated the toxicity of four UV-filters in marine invertebrates, Mytilus 221	  

galloprovincialis (mussels), Paracentrotus lividus (sea urchins) and Siriella armata 222	  

(crustacea), the following conclusion has been reached: OMC and 4-MBC were the 223	  

most toxics, whereas BZ-4 presented the lowest toxicity (Paredes et al., 2014). Also 224	  

OMC showed toxic effects on snails (Melanoides tuberculata and Potamopyrgus 225	  

antipodarum) while butyl methoxydibenzoylmethane (BDM) and octocrylene (OCR) 226	  

showed no effects (Kaiser et al., 2012). 227	  

Hormonal effects (estrogenic, antiestrogenic, androgenic and antiandrogenic 228	  

activities) of some organic UV-filters have been extensively studied using in vitro test 229	  

in human cells, fishes and frogs (Díaz-Cruz and Barceló, 2009; Kim and Choi, 2014 and 230	  

references therein). Different studies carried out in fishes have demonstrated that 231	  

concentrations of organic UV-filters may induce change in genes in hormonal 232	  

pathways, for example concentrations in the order of µg L-1 of BZ-3, BZ-4 or OMC 233	  

down-regulated the expression of genes involved in the sex hormone of Danio rerio 234	  

(zebrafish) at two different life stages, eleuthero-embryos and adult (Blüthgen et al., 235	  

2012; Zucchi et al., 2011a, 2011b). 236	  

Due to its composition, sunscreens are a source of H2O2 into the coastal marine 237	  

waters. It has been demonstrated that under UV radiation some organic UV-filters (e.g. 238	  

BZ-3, OCR, OMC, PBSA, PABA, etc.) can generate ROS (O2
-, OH·, H2O2, etc.) (Allen 239	  

et al., 1996; Hanson et al., 2006; Inbaraj et al., 2002). Sánchez-Quiles and Tovar-240	  
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Sánchez (2014) demonstrated that sunscreens may increase the concentration of H2O2 241	  

up to 270 nM/day in a Mediterranean Beach. These oxidizing species can damage 242	  

lipids, proteins and DNA and they can generate high stress levels in marine organisms 243	  

(Lesser, 2006, and references therein). But not only these organic UV-filters can 244	  

generate ROS, other studies point out that inorganic UV-filters (i.e. TiO2 and ZnO), 245	  

under UV radiation results toxic for the marine phytoplankton.  Many studies agree that 246	  

the toxicity of nano-TiO2 is produced by its photochemical properties under solar 247	  

radiation, that depends on the radiation intensity and the crystalline structure and 248	  

concentration of the nanoparticles (Hund-Rinke and Simon, 2006; Li et al., 2014; 249	  

Mansfield et al., 2015). Even though nanoparticles are usually covered with an inert 250	  

coating layer to avoid its photoreactivity, this layer is dissolved in aquatic environments 251	  

after being released from sunscreens (Botta et al., 2011; Labille et al., 2010). A recently 252	  

published review about phototoxicity of nano-TiO2 calculates the “phototoxicity ratio” 253	  

obtained with experiments conducted in presence and absence of sunlight and concludes 254	  

that phototoxicity of nano-TiO2, under solar radiation, is specially harmful for the order 255	  

Cladocera (Jovanović, 2015). 256	  

Very little is known about the worldwide production of these two oxide 257	  

nanoparticles. In accordance with the United States Environmental Protection Agency 258	  

(US EPA), in 2005 the global production of nano-TiO2 was estimated at 2,000 tons and 259	  

during the period 2006-2010 has been calculated at 5,000 tons per year (US EPA 260	  

National Center for Environmental Assessment and Powers). However, there are others 261	  

estimations of this production, thus Piccinno et al. (2012) estimated, based on an 262	  

industry survey, a global production of 550 to 5,500 tons per year. According to 263	  

Aschberger et al. (2011) the estimated production is about 60,000 tons per year. The 264	  

global production of nano-ZnO was calculated also in several studies, thus while 265	  

Piccinno et al. (2012) calculated a production between 55 and 550 tons per year, 266	  

Aschberger et al. (2011) estimated in 10,000 tons per year the nano-ZnO production. It 267	  

is believed that 60 % of nano-TiO2 and 80 % of nano-ZnO of the global production are 268	  

used in cosmetic products (Piccinno et al., 2012). These nanoparticles can reach the 269	  

marine environment during their entire life cycle (i.e. production of nanoparticles, 270	  

fabrication and use of products) via air deposition, WWTP effluents and/or direct 271	  

release (Baker et al., 2014; Sun et al., 2014). Once in the seawater they can interact with 272	  

aquatic organisms in different ways: adsorption to the surface of microorganisms, 273	  
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cellular internalization, trapping by filter feeder organisms (e.g. bivalves), ingest by 274	  

benthic fauna from the sediments or uptake by fishes (Baker et al., 2014). Sánchez-275	  

Quiles and Tovar-Sánchez (2014) estimated that in a touristic beach during a summer 276	  

day about 4 kg of TiO2 nanoparticles could be released from sunscreens into seawater. 277	  

Other authors suggest that recreational activities that take place at the Old Danube Lake 278	  

may imply a consumption of sunscreen of 8.1 tons per year, and estimated that 94.5 Kg 279	  

of TiO2 per year may released in the lake waters (Gondikas et al., 2014). 280	  

Many studies provide evidence of the toxicity of nanoparticles in aquatic 281	  

organisms and most of them (64 %) were performed on fresh waters species, and only 282	  

14 % were on salt water species (Minetto et al., 2014). Miller et al. (2010) demonstrated 283	  

that nano-ZnO produces inhibition growth in four species of marine phytoplankton with 284	  

concentrations between 0.5 and 1.0 mg L-1, while nano-TiO2 does not present any 285	  

significantly effects at these concentrations. Ma et al. (2012) demonstrated that 286	  

phototoxicity of nano-TiO2 increased between 2 to 4 times under simulating solar 287	  

radiation, being Daphnia magna 100 times more sensible than fish Japanese medaka 288	  

(Oryzias latipes). The effects of long-term exposure of cladoceran Daphnia magna to 289	  

nano-TiO2 were studied over six generations showing that chronic exposure to 1.78 mg 290	  

L-1 of nano-TiO2 resulted in 100 % mortality (Jacobasch et al., 2014). A similar study in 291	  

zebrafish (Danio rerio) demonstrated that, after six months of exposure, nano-TiO2 was 292	  

bioaccumulated in brain, gill, liver and heart, producing organ injury and mortality 
293	  

(Chen et al., 2011).  294	  

To our knowledge, few studies address the environmental implications of the 295	  

totally composition of sunscreens. The first study that provided the toxic effect of 296	  

sunscreens in the marine environment was carried out by Danovaro and Corinaldesi 297	  

(2003), who demonstrated that sunscreens induce viral infections and control marine 298	  

bacterioplankton. The same authors demonstrated that sunscreens affect corals 299	  

bleachings by promoting the lytic viral cycle, killing the symbiotic microalgae 300	  

zooxanthellae (Danovaro et al., 2008). On the other hand, Tovar-Sánchez et al. (2013) 301	  

demonstrated, with laboratory experiments and field measurements, that sunscreens are 302	  

an important source of nutrients (nitrate (NO3
-), nitrite (NO2

-), phosphate (PO4
3-), 303	  

silicate (SiO2) and ammonium (NH4
+)) to the coastal marine environment that could 304	  

enhance the primary production in the oligotrophic waters of the Mediterranean Sea. 305	  
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A study carried out on a touristic beach indicates that exist a temporal (daily) 306	  

and vertical (water column) distribution of UV chemical filters and H2O2 concentrations 307	  

in coastal waters, with the highest concentrations of UV-filters measured in the surface 308	  

microlayer (SML) (Sánchez-Quiles and Tovar-Sánchez, 2014; Tovar-Sánchez et al., 309	  

2013). According to these authors, concentrations of chemicals in the first centimeter of 310	  

the sea surface water (SML) were up to 41.5 % for BZ-3, 43.0 % for 4-MBC and 41.6 311	  

% for H2O2 higher than in the immediately subsurface waters. Because of its 312	  

lipophilicity (e.g. log Kow of 3.79 and 4.95 for BZ-3 and 4-MBC, respectively) these 313	  

compounds tend to accumulate in the SML and in muscle and adipose tissues of marine 314	  

organisms (Gago-Ferrero et al., 2012), thus elevated concentrations of OCR were found 315	  

in the liver of Franciscana dolphin (Pontoporia blainvillei) from Brazil (up to 712 ng g-1 316	  

lipid) (Gago-Ferrero et al., 2013a) or in mussels (Mytilus Sp.) collected along the 317	  

French coast (up to 7,112 ng g-1 d.w.) (Bachelot et al., 2012) (Table 3).Goksøyr et al. 318	  

(2009) reported concentrations of organic UV-filters in open waters of the Pacific, 319	  

providing evidence of the persistence and wide dispersion of these components in the 320	  

marine environment. 321	  

The toxic effects of sunscreens and their main components have opened a debate 322	  

about the regulation and labeling of sunscreens. In accordance with their chemical 323	  

composition (Sobek et al., 2013) suggested that sunscreens should be labeled according 324	  

to the European Union CLP regulation (classification, labeling and packaging; EC 325	  

1272/2008). Therefore sunscreens with ingredients that could be a risk for marine 326	  

environment (e.g. nano-TiO2), should be labeled with hazard statements or even labeled 327	  

with hazard pictograms, as occurs with other products that include the same 328	  

components, such as paints.  On the other hand, the Environmental Working Group 329	  

(EWG) affirm that sunscreens with inorganic UV-filters results a better choice for 330	  

marine environment than those with organic UV-filters (EWG, 2014), although they are 331	  

aware that effects of nanoparticles in the environment remains unknown. Because of the 332	  

effects of nanoparticles in the marine ecosystem are not fully understood, Jacobs et al. 333	  

(2010) considered that the use of these nanoparticles in sunscreens are morally 334	  

unacceptable. Consequently, investigations of sunscreens with “environmental-friendly” 335	  

formulations have increased in the last years (Danovaro et al., 2014). Since many 336	  

organisms in nature have developed its own photoprotective mechanisms the use of 337	  

natural components is being explored. Several types of secondary metabolites are 338	  
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known to act as sunscreens in plants and animals, such as melanin (in humans), 339	  

scytonemin (in cyanobacteria), mycosporine and mycosporine-like amino acids 340	  

(MAA’s) (with an wide phylogenetic distribution) and carotenoids which biosynthesis 341	  

can be UVB-inducible in cyanobacteria (Gao and Garcia-Pichel, 2011, and references 342	  

therein). 343	  

4. Coastal Tourism trend and use of sunscreen: the Spain case  344	  

The world coastal-zone population is expected to grow from 1.2 billion people 345	  

(in 1990) up to 5.2 billion by the 2080 (Rabalais et al., 2009). According to the Word 346	  

Tourism Organization (WTO), the Mediterranean coast received almost 30% of world 347	  

international tourist arrivals in 2013 (UNWTO World Tourism Barometer, 2014). With 348	  

220 million of tourists per year the Mediterranean region is one of the most visited 349	  

destinations in the world, and half of these visitors attend en masse to the Mediterranean 350	  

beaches (WWF Global). Moreover, it has been estimated that the Mediterranean region 351	  

could receive up to 264 million tourists in 2030 (World Tourism Organization 352	  

UNWTO, 2011). 353	  

In Spain, tourism is one of the mainstays of the country economy. It means 354	  

around 11 % of GDP and 13 % of employment, and contributes substantially to 355	  

offsetting the trade deficit. With a new record of foreign visitors (i.e. 64.9 million in 356	  

2014) (Turespaña, http://www.iet.tourspain.es), Spain has been consolidated as the 357	  

second-largest worldwide destination (in the OECD countries: organization for 358	  

Economic Co-operation and Development) in terms of tourist arrivals and receipts. 359	  

Tourist arrivals have increased by 93% in the period 2004 - 2008 (OECD Tourism 360	  

Trends and Policies, 2010), with more than 50 % of arrivals concentrated in the 361	  

Mediterranean coasts (Catalonia, Balearic Islands and Valencia) (Mantiñán and Solla, 362	  

2010). In fact, Balearic Islands is one of the most important tourist destinations in the 363	  

Mediterranean Sea (Cirer-Costa, 2012). The international tourist arrivals are increasing 364	  

every year, with more than 11 million of tourists arrivals in 2013, mostly concentrated 365	  

during summer season (Turespaña, http://www.iet.tourspain.es). In fact, it has been 366	  

considered like a second generation European mass tourist resort (Knowles and Curtis, 367	  

1999).  With a 1.1 million of inhabitants, this income of visitors counts as more than 10 368	  

times the normal population of the islands 369	  

Associated with the growth of tourism activities, sun-care products present the 370	  
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fastest growing sales rate globally, with the Western Europe as the largest market. Sun 371	  

protection is the most important segment of the sun care market with almost € 7.0 372	  

billion forecasted in 2014, a worldwide increase of 7 % per year over the last five years, 373	  

and with an average per capita consumption of 20 ml per year (Osterwalder et al., 374	  

2014). Despite the high diversity of textures of sunscreens (e.g. lotions, spray, roll-on, 375	  

shake well types, etc.) lotions and creams represent approximately 60 % of the total 376	  

products introduced in the market. Spray format is also very popular in Europe with 20 377	  

% of presence in the market. Sunscreens with Solar Protection Factor (SPF) between 30 378	  

– 50 are produced in high quantities, and they represent the 50 - 60 % (Osterwalder et 379	  

al., 2014). Spain is the country with the highest consume of sunscreen per capita with 380	  

189 ml per year in 2012 (Osterwalder et al., 2014). Considering 47 million of 381	  

inhabitants it would represent a consumption of almost 9 million liters of sunscreen per 382	  

year. According to a survey carried out in Spain, almost 80 % of the population used 383	  

sunscreen to protect their skin against the UV radiation (Galán et al., 2011). This 384	  

percentage is significantly higher than in the United Kingdom (37 %) (Miles et al., 385	  

2005) or Australia (27 %) (Dobbinson et al., 2008). 386	  

Despite this data, little is known about the effects of sun-care products on the 387	  

marine ecosystems. The use of these cosmetics has become popular since the second 388	  

half of 20th century; however, the first analyses of the UV-filters environmental 389	  

samples were made in 2002 (Lambropoulou et al., 2002). With less than 50 peer-review 390	  

scientific articles published to date (Figure 1), Spain is the country which has the 391	  

highest number of research investigations involving the analysis of environmental levels 392	  

of organic UV-filters (Figure 2). 393	  
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 394	  

Figure 2: Published research articles reporting environmental concentrations of organic 395	  
UV-filters sorted by country. 396	  

5. Conclusions and future perspectives 397	  

This review evaluates the environmental implications of commercial sunscreens 398	  

and their main components as source of chemicals into the coastal ecosystem. Results 399	  

presented here indicate that sunscreens are a significant source of chemicals that reach 400	  

the sea and have potential ecological consequences on the coastal marine ecosystem.  401	  

Once in the water column, components released from sunscreens accumulate in 402	  

the SML. Organic and inorganic UV-filters are photo-excited by sunlight generating 403	  

elevated concentrations of reactive oxygen species with toxic effects on phytoplankton 404	  

and being potentially bioaccumulative in the food web. Other components released from 405	  

sunscreen (NO3
-, NO2

-, PO4
3-, SiO2 and NH4

+) are easily dissolved in seawater and may 406	  

stimulate algal growth (Figure 3).  407	  

Future investigations are needed to understand the real impact of this emerging 408	  
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pollutant in the marine system, such as distribution and partitioning in the water 409	  

column, dissolution and speciation of their main components, evaluation of the 410	  

ecological significance of the input of nutrients, residence time and aging, persistence, 411	  

accumulation and toxicity in the trophic chain. Additional ecotoxicological experiments 412	  

are also needed to better understand the effects of these products in the marine 413	  

environment. For example, new studies should evaluate the stress level and species 414	  

succession in marine phytoplankton species and the effect on macroalgae and marine 415	  

seagrasses. The marine macrophyte Posidonia oceanica, is an endemic seagrass from 416	  

the Mediterranean Sea that is included in the Annex II of the Protocol of Barcelona 417	  

Convention 1996 as an endangered marine species. The nearshore habitat of these 418	  

marine plants, together with many other pelagic and benthic fauna, receives the 419	  

influence of sunscreens and therefore its impact should be addressed.  420	  

 421	  

 422	  

Figure 3: Conceptual diagram transfer of sunscreen derived-products. 423	  

	  424	  
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