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Abstract 

The Mediterranean region is, by far, the leading tourism destination in the world, receiving 

more than 330 million tourists in 2016. This tourism is undertaken mostly for seaside 

holidays, and during the summer season concentrates between 46% and 69% of the total 

international arrivals; this is equivalent to a density of 2.9 tourists per meter of 

Mediterranean coast, or double this number taking into account the local/permanent 

population in addition. Previous studies have reported not only the presence of sunscreen 

in the various environmental compartments (water, sediments and biota) of the 

Mediterranean Sea (MS) and other regions, but also show that sunscreen products are 

toxic for marine biota and are accumulated and biomagnificated. Here, we highlight that 

the environmental risk of these chemicals is likely to be exacerbated in the MS due to the 

massive influx of tourists and its densely populated coasts, the basin’s limited exchanges 

with the ocean, the high residence time of surface waters, and its oligotrophic waters.  

 

The Mediterranean Sea 
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The Mediterranean Sea (MS) presents a number of physical, chemical, biological 

and socioeconomical peculiarities that make it different from other marginal seas: it is a 

semi-enclosed basin where evaporation exceeds precipitation and river discharges. This 

has generated a hydric deficit that is partially compensated with a limited water exchange 

with the Atlantic Ocean through the narrow Strait of Gibraltar (12.8 km width and over 300 

m depth), that is the only connection with the open ocean. The Strait limits exchanges 

with the ocean, resulting in extended residence times of surface waters (3.8 and 7.7 years 

for the Western and Eastern Mediterranean, respectively) (Powley et al., 2016), a tidal 

signal of the order of centimeters (Tsimplis et al., 1995) and higher salinity (up to 39.1 

PSU) and temperature (up to 28 ºC) in the upper water columns of the MS than in the 

Atlantic Ocean (36.0 - 36.5 PSU; 13.5 – 20 ºC, respectively) (Said et al., 2011). These 

unique characteristics make the MS an important “hot spot” of marine biodiversity, with 

approximately 17,000 marine species (many of them endemic) (Coll et al., 2010, and 

references therein). 

Higher biodiversity occurs in coastal areas and continental shelves of the MS with 

unique and endangered habitats such as seagrass meadows and vermetid reefs (Coll et 

al., 2010). The most important community sheltering sediments in the MS are the 

Posidonia oceanica meadows. This marine phanerogam endemic of the Mediterranean, 

included in Annex II of the Protocol of the Barcelona Convention 1996 as an endangered 

marine species, plays a critical role in the coastal ecosystems, and is considered to be 

the key controlling the natural equilibrium in the MS.  

The concentration of inorganic nutrients in the water mass of the MS is low, 

especially for phosphorous, with the main inputs coming from continental weathering, wet 
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and dry atmospheric deposition (Bethoux et al., 1999). The low availability of nutrients in 

the MS prevents high primary productivity, leading to oligotrophic conditions that give a 

blue and crystalline appearance to their waters. The climate is mild and wet during the 

winter and hot and dry during the summer and has 250 days of sunshine a year (Sain et 

al., 2002). All this, together with a rich cultural heritage and favorable sociopolitical 

situation, create the idyllic scenery of the Mediterranean Sea coastal regions that attract 

millions of tourists every year and make Europe the worldwide leader in international 

tourism. 

 

Coastal Tourism in the Mediterranean Sea 

Since the end of 2nd World War international tourist arrivals in the European Union 

(EU) have increased every year, reaching 1,239 million arrivals in 2016 (compared with 

25 million in 1950). The EU thus accounts for 40% of total global tourist arrivals and 50% 

if we include arrivals from the EU countries themselves. This yields a ratio of 680 

international arrivals per 1000 inhabitants (World Tourism Organization (UNWTO), 2018). 

With a Gross Domestic Product (GDP) of € 14,900 billion in 2016, the EU constitutes the 

second largest economy in the world. This tourism generated € 1,108 billion in 

international tourism receipts. The most visited countries are those with coastal areas 

around the MS; and although they benefit economically, they are also exposed to an 

intense tourism pressure (Batista e Silva et al., 2018). International arrivals during 2016 

to the countries on Mediterranean region reached 329.2 million in total: France (82.6 

million), Spain (75.6 million), Italy (52.4 million), Turkey (39.5 million in 2015), Greece 

(24.8 million), Croatia (13.8 million), Morocco (10.3 million), Tunisia (5.7 million), Egypt 
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(5.3 million), Albania (4.1 million), Cyprus (3.2 million), Slovenia (3.0 million), Israel (2.9 

million), Malta (2.0 million), Montenegro (1.7 million), Algeria (1.7 million in 2015), Bosnia-

Herzegovina (0.8 million), and Monaco (0.3 million) (“UNWTO Tourism Highlights, 2017 

Edition | Tourism Market Trends UNWTO,”) (Figure 1). These extremely high numbers of 

international visitors, comparable to the population of the third most populated country in 

the world, the USA with 327 million in 2018, together with the local population living in the 

coastal regions (143 million in 2000 and estimated in 174 million by 2025) (UNEP, 2015), 

is certain to be generating an enormous pressure of unpredictable effects on the coastal 

ecosystems of the Mediterranean.  

The Mediterranean tourism takes the form, mostly, of seaside summer holidays; 

consequently the months from June to September concentrate between 46-69% of the 

total nights spent at tourist accommodation establishments in coastal areas, that is a 

measure of tourist visits (data from 1991 to 2011 for Spain (46%), Italy (49%), Greece 

(57%), Croatia (69%), Cyprus (51%) and Slovenia (48%); Figure 2) (data available from 

http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=tour_occ_ninatc&lang=en). 

Considering the 46,000 km of Mediterranean coastline and assuming that 132 million 

tourists (that is, a conservative estimate of 40% of the total visitors) stay during their 

summer vacation on or near to the coast, this is equivalent to a density of 2.9 tourists per 

meter of coast during summer season. And if we include 143 million holiday-makers of 

the local/permanent population, this density may be double. 

 

Sunscreens as a new coastal threat 
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There are many identified impacts on the Mediterranean marine environment 

associated with coastal tourism, such as marine litter (UNEP/MAP, 2015), aquifer 

overexploitation, insufficient sewage treatment capacity (Kent et al., 2002), and loss of 

biodiversity (Habibullah et al., 2016), among others. However, intimately linked to the 

growth of coastal tourism and awareness of the risks associated with exposure to 

ultraviolet radiation (UV) is the use of sunscreens, an everyday skincare products used 

in modern society, and its release into the environment.  

Sun protection is the most important segment of the sun care market with 

expenditure of more than € 7.0 billion forecasted in 2014, and Europe accounts for 32 % 

of the total world market (Osterwalder et al., 2014). Given the large and widespread 

consumption of these products and the multitude of chemical ingredients included in their 

formulation, sunscreens have recently been identified as emerging contaminants in 

coastal waters (Tovar-Sánchez et al., 2013; Tsui et al., 2014). One of the major 

components of sunscreens are organic and inorganic UV filters, substances with a range 

of light protection in the range of 320-400 nm (UVA) and 280-320nm (UVB) and with 

almost zero absorption of visible radiation (Díaz-Cruz and Barceló, 2009; Salvador and 

Chisvert, 2005). These UV filters are used in the formulation of many everyday products 

by modern society. 

Organic UV filters have been detected and quantified in Mediterranean seawater 

(Giokas et al., 2004, 2005; Cuderman and Heath, 2007; Tarazona et al., 2010; Vidal et 

al., 2010; Nguyen et al., 2011; Amine et al., 2012; Magi et al., 2012; Tovar-Sánchez et 

al., 2013; Benedé et al., 2014) and in Mediterranean sand and sediments (Sánchez-

Brunete et al., 2011; Tarazona et al., 2014; Benedé et al., 2018). Furthermore, organic 
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UV filters have been detected in biota from the Mediterranean coast, including in species 

of commercial importance such as mussels, clams and fish (Bachelot et al., 2012; Cunha 

et al., 2015, 2018). 

The presence and/or toxicity of the organic and inorganic UV filters included in the 

formulation of these skincare and cosmetic products has attracted special attention in 

recent years.  Some organic UV filters (such as 2-hydroxy-4-methoxybenzophenone, 4-

methylbenzylidene camphor, isoamyl 4-methoxycinnamate or 2-ethylhexyl salicylate 

among others) have been found to be bioaccumulated in mussels (Castro et al., 2018; 

Vidal-Liñán et al., 2018), corals (Tsui et al., 2017), crabs, shrimps, prawns, squids and 

fish (Peng et al., 2017; Molins-Delgado et al., 2018); these chemicals have also been 

detected in the liver of dolphins from the coast of Brazil (Gago-Ferrero et al., 2013), in 

cormorants from Switzerland (Fent et al., 2010), and in unhatched eggs of birds species 

from the Natural Park of Doñana (SW of Spain), thus proving the biomagnification of these 

substances (Molins-Delgado et al., 2017). Moreover, these compounds cause a variety 

of different biological and toxicological responses, affecting survival, behavior, growth, 

development and reproduction, and these responses have been observed at various 

trophic levels: algae (Paredes et al., 2014; Giraldo et al., 2017; Mao et al., 2018), corals 

(Downs et al., 2014, 2016), mussels (Paredes et al., 2014; Giraldo et al., 2017; Moschino 

et al., 2017; Sureda et al., 2018), sea urchins (Paredes et al., 2014; Giraldo et al., 2017), 

copepods (Chen et al., 2018), shrimps (Paredes et al., 2014) and fish (Araújo et al., 2018; 

Molins-Delgado et al., 2018). Some studies have also revealed the effects of endocrine 

disruption caused by some of these organic UV filters in aquatic biota (Wang et al., 2016; 

Lorigo et al., 2018). 
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With regard to inorganic UV filters (i.e. TiO2 and ZnO, mainly used as 

nanoparticles), many studies have assessed their environmental impact on marine 

organisms. Some of the responses studied are oxidative stress in abalones (Zhu et al., 

2011), Zn accumulation in microalgae (Zhang et al., 2016), immune responses in mussels 

(Barmo et al., 2013), DNA and cellular effects in sea urchins (Manzo et al., 2017), 

bleaching in corals (Corinaldesi et al., 2018) and genotoxicity in fish (Vignardi et al., 2015). 

Nevertheless, the majority of these studies have employed only individual UV 

filters in isolation, rather than the complete sunscreen product which contains a mixture 

of organic and inorganic UV filters with other significant ingredients (e.g. surfactants, 

emollients, film formers, etc.). The combination of these ingredients in the sunscreen 

composition may enhance or alter the toxic effects of each component on its own. Only a 

few studies have considered sunscreen as a complex matrix with the potential to release 

harmful substances to the marine ecosystem (Danovaro and Corinaldesi, 2003; Danovaro 

et al., 2008; Tovar-Sánchez et al., 2013; Sánchez-Quiles and Tovar-Sánchez, 2014; 

Corinaldesi et al., 2017; Díaz-Gil et al., 2017; Sendra et al., 2017; Sureda et al., 2018).  

Taken together, these findings have demonstrated clearly the risk that the use of 

these skincare and cosmetic products is presenting to the marine environment, and 

several reviews have been published highlighting the potential for bioaccumulation and/or 

biomagnification of their ingredients through the trophic chain on aquatic ecosystems 

(Brausch and Rand, 2011; Tsui et al., 2014; Baker et al., 2014; Kim and Choi, 2014; 

Sánchez-Quiles and Tovar-Sánchez, 2015). As a direct consequence of the harmful 

impact on coral reefs of some organic UV filters contained in sunscreens (Downs et al., 

2016), the US state of Hawaii has passed a bill banning the use of sunscreens containing 
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Benzophenone-3 and Ethylhexyl methoxycinnamate. And the Western Pacific nation of 

Palau is set to become the first country to ban many types of sunscreen to protect its 

vulnerable coral reef (http://www.palaugov.pw/wp-content/uploads/2018/08/Proposed-

Legislation-re.-Responsible-Tourism-Education-Act-of-2018.pdf). In the MS, warnings 

about the environmental implications of sunscreen products released to the coastal 

waters have been published (Misic et al., 2011; Sánchez-Quiles and Tovar-Sánchez, 

2015), but these implications are yet to be properly evaluated. 

 

Perspectives for the Mediterranean Sea 

Marine coastal areas, and those of the MS in particular, provide the human 

population in general with a multitude of benefits including an abundance of natural 

resources that sustain economies and societies. These benefits and opportunities have 

reinforced our economic reliance on coastal resources in the EU, where tourism is now 

one of the biggest and fastest-growing industries, generating a significant proportion of 

total GDP in many of the maritime countries. Nevertheless, coastal ecosystems are also 

coming under increasing pressure from the damage and pollution caused by the massive 

influx of visitors, threatening the environmental resources on which the economic growth 

depends. Indeed, tourism may become a victim of its own success if it is not developed 

in a sustainable manner. 

To date, the investments that have been made in the tourism sector by the Public 

Authorities of the countries located around the Mediterranean coast (especially Spain, 

France, Italy and Croatia) have focused mostly on establishing a network of services to 

cover the heavy, fast-growing, and sometimes uncontrolled, tourist demand of recent 
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years. However, other aspects of vital importance, particularly the ecological effects of 

chemical products associated with tourism (sunscreens being the case in point) remain 

without reliable scientific assessment. While other emerging contaminants (e.g. 

microplastics) have been identified as an ubiquitous marine problem in the Mediterranean 

(UNEP/MAP, 2015), the magnitude of the environmental risk of sunscreens in the 

Mediterranean waters has not yet been addressed. Moreover, in the MS and its densely 

populated coasts, the environmental risk of these chemicals could be greatly exacerbated 

not only by the massive influx of tourists, but also by the basin’s limited exchanges with 

the ocean, high residence time of surface waters, and its oligotrophic waters. All these 

factors produce a rapid biological response to coastal inputs in the MS.  

The current lack of knowledge of the impacts of sunscreen on the Mediterranean 

marine ecosystems may be masking serious adverse effects on populations of marine 

organisms (including those of commercial importance) and causing a deterioration of the 

quality of its waters, its rich biodiversity and its natural resources in general. As is being 

done for the key ecological organism, the coral reef, studies are urgently needed on the 

main and most important community-sheltering sediments in the MS, the Posidonia 

oceanica meadows, that paradoxically are directly responsible for the high quality of the 

marine environment that serves as a ‘trade mark’ attracting tourists to the Mediterranean 

coasts. Aware of this, the European Union has considered it a priority to optimize the 

sustainable use of our oceans and seas, to ensure the development and sustainable 

growth of the coastal regions, and thus to enable us to maintain and consolidate Europe 

as the world's leading tourist destination. 
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Future prospects for international tourism arrivals to the MS countries promise a 

continuing increase in the influx of visitors: taking into account only the international 

arrivals to the European countries of the Mediterranean region, these are expected to 

increase by an average of 2.6 million a year through 2030  (World Tourism Organization 

(UNWTO), 2017). Given the current massive influx of visitors to the Mediterranean coast 

and the increasing trends, actions are urgently needed to understand the occurrence, 

residence time, behavior, fate, aging, ecotoxicological impact and, not least, the potential 

transfer to the food chain, of this everyday product being released into the MS. In addition, 

other actions such as the development of new ecofriendly cosmetic formulations and new 

or optimized technologies able to remove UV filters from wastewater treatment plants 

would be also necessary. 

 

Acknowledgments: A. Rodríguez-Romero is supported by the Spanish grant 

Juan de la Cierva Formación 2015 (JCI-2015-26873) and thanks to the University of 

Cantabria “Proyecto Puente 2017” under SODERCAN and ERDF Operational 

Programme.  

 

 

 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

11 

 

References 

Amine, H., Gomez, E., Halwani, J., Casellas, C., Fenet, H., 2012. UV filters, ethylhexyl 
methoxycinnamate, octocrylene and ethylhexyl dimethyl PABA from untreated 
wastewater in sediment from eastern Mediterranean river transition and coastal 
zones. Marine Pollution Bulletin 64, 2435–2442. 
https://doi.org/10.1016/j.marpolbul.2012.07.051 

Araújo, M.J., Rocha, R.J.M., Soares, A.M.V.M., Benedé, J.L., Chisvert, A., Monteiro, 
M.S., 2018. Effects of UV filter 4-methylbenzylidene camphor during early 
development of Solea senegalensis Kaup, 1858. Science of The Total 
Environment 628–629, 1395–1404. 
https://doi.org/10.1016/j.scitotenv.2018.02.112 

Bachelot, M., Li, Z., Munaron, D., Le Gall, P., Casellas, C., Fenet, H., Gomez, E., 2012. 
Organic UV filter concentrations in marine mussels from French coastal regions. 
Science of the Total Environment 420, 273–279. 
https://doi.org/10.1016/j.scitotenv.2011.12.051 

Baker, T.J., Tyler, C.R., Galloway, T.S., 2014. Impacts of metal and metal oxide 
nanoparticles on marine organisms. Environ. Pollut. 186C, 257–271. 
https://doi.org/10.1016/j.envpol.2013.11.014 

Barmo, C., Ciacci, C., Canonico, B., Fabbri, R., Cortese, K., Balbi, T., Marcomini, A., 
Pojana, G., Gallo, G., Canesi, L., 2013. In vivo effects of n-TiO2 on digestive gland 
and immune function of the marine bivalve Mytilus galloprovincialis. Aquat. Toxicol. 
132–133, 9–18. https://doi.org/10.1016/j.aquatox.2013.01.014 

Batista e Silva, F., Marín Herrera, M.A., Rosina, K., Ribeiro Barranco, R., Freire, S., 
Schiavina, M., 2018. Analysing spatiotemporal patterns of tourism in Europe at 
high-resolution with conventional and big data sources. Tourism Management 68, 
101–115. https://doi.org/10.1016/j.tourman.2018.02.020 

Benedé, J.L., Chisvert, A., Moyano, C., Giokas, D.L., Salvador, A., 2018. Expanding the 
application of stir bar sorptive-dispersive microextraction approach to solid 
matrices: Determination of ultraviolet filters in coastal sand samples. Journal of 
Chromatography A 1564, 25–33. https://doi.org/10.1016/j.chroma.2018.06.003 

Benedé, J.L., Chisvert, A., Salvador, A., Sánchez-Quiles, D., Tovar-Sánchez, A., 2014. 
Determination of UV filters in both soluble and particulate fractions of seawaters 
by dispersive liquid–liquid microextraction followed by gas chromatography–mass 
spectrometry. Analytica Chimica Acta 812, 50–58. 
https://doi.org/10.1016/j.aca.2013.12.033 

Bethoux, J.P., Gentili, B., Morin, P., Nicolas, E., Pierre, C., Ruiz-Pino, D., 1999. The 
Mediterranean Sea: a miniature ocean for climatic and environmental studies and 
a key for the climatic functioning of the North Atlantic. Progress in Oceanography 
44, 131–146. https://doi.org/10.1016/S0079-6611(99)00023-3 

Brausch, J.M., Rand, G.M., 2011. A review of personal care products in the aquatic 
environment: Environmental concentrations and toxicity. Chemosphere 82, 1518–
1532. https://doi.org/10.1016/j.chemosphere.2010.11.018 

Castro, M., Fernandes, J.O., Pena, A., Cunha, S.C., 2018. Occurrence, profile and spatial 
distribution of UV-filters and musk fragrances in mussels from Portuguese 
coastline. Marine Environmental Research 138, 110–118. 
https://doi.org/10.1016/j.marenvres.2018.04.005 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

12 

 

Chen, L., Li, X., Hong, H., Shi, D., 2018. Multigenerational effects of 4-methylbenzylidene 
camphor (4-MBC) on the survival, development and reproduction of the marine 
copepod Tigriopus japonicus. Aquat. Toxicol. 194, 94–102. 
https://doi.org/10.1016/j.aquatox.2017.11.008 

Coll, M., Piroddi, C., Steenbeek, J., Kaschner, K., Lasram, F.B.R., Aguzzi, J., Ballesteros, 
E., Bianchi, C.N., Corbera, J., Dailianis, T., Danovaro, R., Estrada, M., Froglia, C., 
Galil, B.S., Gasol, J.M., Gertwagen, R., Gil, J., Guilhaumon, F., Kesner-Reyes, K., 
Kitsos, M.-S., Koukouras, A., Lampadariou, N., Laxamana, E., Cuadra, C.M.L.-F. 
de la, Lotze, H.K., Martin, D., Mouillot, D., Oro, D., Raicevich, S., Rius-Barile, J., 
Saiz-Salinas, J.I., Vicente, C.S., Somot, S., Templado, J., Turon, X., Vafidis, D., 
Villanueva, R., Voultsiadou, E., 2010. The Biodiversity of the Mediterranean Sea: 
Estimates, Patterns, and Threats. PLOS ONE 5, e11842. 
https://doi.org/10.1371/journal.pone.0011842 

Corinaldesi, C., Damiani, E., Marcellini, F., Falugi, C., Tiano, L., Brugè, F., Danovaro, R., 
2017. Sunscreen products impair the early developmental stages of the sea urchin 
Paracentrotus lividus. Sci Rep 7, 7815. https://doi.org/10.1038/s41598-017-
08013-x 

Corinaldesi, C., Marcellini, F., Nepote, E., Damiani, E., Danovaro, R., 2018. Impact of 
inorganic UV filters contained in sunscreen products on tropical stony corals 
(Acropora spp.). Sci. Total Environ. 637–638, 1279–1285. 
https://doi.org/10.1016/j.scitotenv.2018.05.108 

Cuderman, P., Heath, E., 2007. Determination of UV filters and antimicrobial agents in 
environmental water samples. Analytical and Bioanalytical Chemistry 387, 1343–
1350. https://doi.org/10.1007/s00216-006-0927-y 

Cunha, S.C., Fernandes, J.O., Vallecillos, L., Cano-Sancho, G., Domingo, J.L., Pocurull, 
E., Borrull, F., Maulvault, A.L., Ferrari, F., Fernandez-Tejedor, M., Van den Heuvel, 
F., Kotterman, M., 2015. Co-occurrence of musk fragrances and UV-filters in 
seafood and macroalgae collected in European hotspots. Environmental 
Research, Non-regulated environmental contaminants in seafood: contributions of 
the ECsafeSEAFOOD EU project 143, 65–71. 
https://doi.org/10.1016/j.envres.2015.05.003 

Cunha, S.C., Trabalón, L., Jacobs, S., Castro, M., Fernandez-Tejedor, M., Granby, K., 
Verbeke, W., Kwadijk, C., Ferrari, F., Robbens, J., Sioen, I., Pocurull, E., Marques, 
A., Fernandes, J.O., Domingo, J.L., 2018. UV-filters and musk fragrances in 
seafood commercialized in Europe Union: Occurrence, risk and exposure 
assessment. Environmental Research 161, 399–408. 
https://doi.org/10.1016/j.envres.2017.11.015 

Danovaro, R., Bongiorni, L., Corinaldesi, C., Giovannelli, D., Damiani, E., Astolfi, P., 
Greci, L., Pusceddu, A., 2008. Sunscreens Cause Coral Bleaching by Promoting 
Viral Infections. Environ Health Perspect 116, 441–447. 
https://doi.org/10.1289/ehp.10966 

Danovaro, R., Corinaldesi, C., 2003. Sunscreen products increase virus production 
through prophage induction in marine bacterioplankton. Microb. Ecol. 45, 109–
118. https://doi.org/10.1007/s00248-002-1033-0 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

13 

 

Díaz-Cruz, M.S., Barceló, D., 2009. Chemical analysis and ecotoxicological effects of 
organic UV-absorbing compounds in aquatic ecosystems. TrAC Trends in 
Analytical Chemistry 28, 708–717. https://doi.org/10.1016/j.trac.2009.03.010 

Díaz-Gil, C., Cotgrove, L., Smee, S.L., Simón-Otegui, D., Hinz, H., Grau, A., Palmer, M., 
Catalán, I.A., 2017. Anthropogenic chemical cues can alter the swimming 
behaviour of juvenile stages of a temperate fish. Mar. Environ. Res. 125, 34–41. 
https://doi.org/10.1016/j.marenvres.2016.11.009 

Downs, C.A., Kramarsky-Winter, E., Fauth, J.E., Segal, R., Bronstein, O., Jeger, R., 
Lichtenfeld, Y., Woodley, C.M., Pennington, P., Kushmaro, A., Loya, Y., 2014. 
Toxicological effects of the sunscreen UV filter, benzophenone-2, on planulae and 
in vitro cells of the coral, Stylophora pistillata. Ecotoxicology 23, 175–191. 
https://doi.org/10.1007/s10646-013-1161-y 

Downs, C.A., Kramarsky-Winter, E., Segal, R., Fauth, J., Knutson, S., Bronstein, O., 
Ciner, F.R., Jeger, R., Lichtenfeld, Y., Woodley, C.M., Pennington, P., Cadenas, 
K., Kushmaro, A., Loya, Y., 2016. Toxicopathological Effects of the Sunscreen UV 
Filter, Oxybenzone (Benzophenone-3), on Coral Planulae and Cultured Primary 
Cells and Its Environmental Contamination in Hawaii and the U.S. Virgin Islands. 
Arch Environ Contam Toxicol 70, 265–288. https://doi.org/10.1007/s00244-015-
0227-7 

Fent, K., Zenker, A., Rapp, M., 2010. Widespread occurrence of estrogenic UV-filters in 
aquatic ecosystems in Switzerland. Environmental Pollution 158, 1817–1824. 
https://doi.org/10.1016/j.envpol.2009.11.005 

Gago-Ferrero, P., Alonso, M.B., Bertozzi, C.P., Marigo, J., Barbosa, L., Cremer, M., 
Secchi, E.R., Azevedo, A., Lailson-Brito Jr., J., Torres, J.P.M., Malm, O., Eljarrat, 
E., Díaz-Cruz, M.S., Barceló, D., 2013. First determination of UV filters in marine 
mammals. octocrylene levels in Franciscana dolphins. Environmental Science and 
Technology 47, 5619–5625. https://doi.org/10.1021/es400675y 

Giokas, D.L., Sakkas, V.A., Albanis, T.A., 2004. Determination of residues of UV filters in 
natural waters by solid-phase extraction coupled to liquid chromatography-
photodiode array detection and gas chromatography-mass spectrometry. Journal 
of Chromatography A 1026, 289–293. 
https://doi.org/10.1016/j.chroma.2003.10.114 

Giokas, D.L., Sakkas, V.A., Albanis, T.A., Lampropoulou, D.A., 2005. Determination of 
UV-filter residues in bathing waters by liquid chromatography UV-diode array and 
gas chromatography-mass spectrometry after micelle mediated extraction-solvent 
back extraction. Journal of Chromatography A 1077, 19–27. 
https://doi.org/10.1016/j.chroma.2005.04.074 

Giraldo, A., Montes, R., Rodil, R., Quintana, J.B., Vidal-Liñán, L., Beiras, R., 2017. 
Ecotoxicological Evaluation of the UV Filters Ethylhexyl Dimethyl -Aminobenzoic 
Acid and Octocrylene Using Marine Organisms Isochrysis galbana, Mytilus 
galloprovincialis and Paracentrotus lividus. Arch Environ Contam Toxicol 72, 606–
611. https://doi.org/10.1007/s00244-017-0399-4 

Habibullah, M.S., Din, B.H., Chong, C.W., Radam, A., 2016. Tourism and Biodiversity 
Loss: Implications for Business Sustainability. Procedia Economics and Finance, 
7th International Economics & Business Management Conference (IEBMC 2015) 
35, 166–172. https://doi.org/10.1016/S2212-5671(16)00021-6 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

14 

 

Kent, M., Newnham, R., Essex, S., 2002. Tourism and sustainable water supply in 
Mallorca: a geographical analysis. Applied Geography 22, 351–374. 
https://doi.org/10.1016/S0143-6228(02)00050-4 

Kim, S., Choi, K., 2014. Occurrences, toxicities, and ecological risks of benzophenone-3, 
a common component of organic sunscreen products: A mini-review. Environment 
International 70, 143–157. https://doi.org/10.1016/j.envint.2014.05.015 

Lorigo, M., Mariana, M., Cairrao, E., 2018. Photoprotection of ultraviolet-B filters: Updated 
review of endocrine disrupting properties. Steroids 131, 46–58. 
https://doi.org/10.1016/j.steroids.2018.01.006 

Magi, E., Di Carro, M., Scapolla, C., Nguyen, K.T.N., 2012. Stir bar sorptive extraction 
and LC-MS/MS for trace analysis of UV filters in different water matrices. 
Chromatographia 75, 973–982. https://doi.org/10.1007/s10337-012-2202-z 

Manzo, S., Schiavo, S., Oliviero, M., Toscano, A., Ciaravolo, M., Cirino, P., 2017. Immune 
and reproductive system impairment in adult sea urchin exposed to nanosized ZnO 
via food. Sci. Total Environ. 599–600, 9–13. 
https://doi.org/10.1016/j.scitotenv.2017.04.173 

Mao, F., He, Y., Gin, K.Y.-H., 2018. Evaluating the Joint Toxicity of Two Benzophenone-
Type UV Filters on the Green Alga Chlamydomonas reinhardtii with Response 
Surface Methodology. Toxics 6. https://doi.org/10.3390/toxics6010008 

Misic, C., Covazzi Harriague, A., Trielli, F., 2011. Organic matter recycling in a beach 
environment influenced by sunscreen products and increased inorganic nutrient 
supply (Sturla, Ligurian Sea, NW Mediterranean). Sci. Total Environ. 409, 1689–
1696. https://doi.org/10.1016/j.scitotenv.2010.12.015 

Molins-Delgado, D., Máñez, M., Andreu, A., Hiraldo, F., Eljarrat, E., Barceló, D., Díaz-
Cruz, M.S., 2017. A Potential New Threat to Wild Life: Presence of UV Filters in 
Bird Eggs from a Preserved Area. Environ. Sci. Technol. 51, 10983–10990. 
https://doi.org/10.1021/acs.est.7b03300 

Molins-Delgado, D., Muñoz, R., Nogueira, S., Alonso, M.B., Torres, J.P., Malm, O., Ziolli, 
R.L., Hauser-Davis, R.A., Eljarrat, E., Barceló, D., Díaz-Cruz, M.S., 2018. 
Occurrence of organic UV filters and metabolites in lebranche mullet (Mugil liza) 
from Brazil. Sci. Total Environ. 618, 451–459. 
https://doi.org/10.1016/j.scitotenv.2017.11.033 

Moschino, V., Schintu, M., Marrucci, A., Marras, B., Nesto, N., Da Ros, L., 2017. An 
ecotoxicological approach to evaluate the effects of tourism impacts in the Marine 
Protected Area of La Maddalena (Sardinia, Italy). Mar. Pollut. Bull. 122, 306–315. 
https://doi.org/10.1016/j.marpolbul.2017.06.062 

Nguyen, K.T.N., Scapolla, C., Di Carro, M., Magi, E., 2011. Rapid and selective 
determination of UV filters in seawater by liquid chromatography-tandem mass 
spectrometry combined with stir bar sorptive extraction. Talanta 85, 2375–2384. 
https://doi.org/10.1016/j.talanta.2011.07.085 

Osterwalder, U., Sohn, M., Herzog, B., 2014. Global state of sunscreens. 
Photodermatology, Photoimmunology & Photomedicine 30, 62–80. 
https://doi.org/10.1111/phpp.12112 

Paredes, E., Perez, S., Rodil, R., Quintana, J.B., Beiras, R., 2014. Ecotoxicological 
evaluation of four UV filters using marine organisms from different trophic levels 
Isochrysis galbana, Mytilus galloprovincialis, Paracentrotus lividus, and Siriella 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

15 

 

armata. Chemosphere 104, 44–50. 
https://doi.org/10.1016/j.chemosphere.2013.10.053 

Peng, X., Fan, Y., Jin, J., Xiong, S., Liu, J., Tang, C., 2017. Bioaccumulation and 
biomagnification of ultraviolet absorbents in marine wildlife of the Pearl River 
Estuarine, South China Sea. Environ. Pollut. 225, 55–65. 
https://doi.org/10.1016/j.envpol.2017.03.035 

Powley, H.R., Krom, M.D., Cappellen, P.V., 2016. Circulation and oxygen cycling in the 
Mediterranean Sea: Sensitivity to future climate change. Journal of Geophysical 
Research: Oceans 121, 8230–8247. https://doi.org/10.1002/2016JC012224 

Said, M.A., Gerges, M.A., Maiyza, I.A., Hussein, M.A., Radwan, A.A., 2011. Changes in 
Atlantic Water characteristics in the south-eastern Mediterranean Sea as a result 
of natural and anthropogenic activities. Oceanologia 53, 81–95. 
https://doi.org/10.5697/oc.53-1.081 

Sain, B.C., Pavlin, I., Belfiore, S., 2002. Sustainable Coastal Management: A 
Transatlantic and Euro-Mediterranean Perspective ; [proceedings of the NATO 
Advanced Research Workshop on an Evaluation of Progress in Coastal Policies 
at the National Level: a Transatlantic and Euro-Mediterranean Perspective, 
Ljubljana, Slovenia, 4 - 6 July 2001]. Springer Science & Business Media. 

Salvador, A., Chisvert, A., 2005. An environmentally friendly (“green”) reversed-phase 
liquid chromatography method for UV filters determination in cosmetics. Analytica 
Chimica Acta 537, 15–24. https://doi.org/10.1016/j.aca.2004.12.047 

Sánchez-Brunete, C., Miguel, E., Albero, B., Tadeo, J.L., 2011. Analysis of salicylate and 
benzophenone-type UV filters in soils and sediments by simultaneous extraction 
cleanup and gas chromatography–mass spectrometry. Journal of 
Chromatography A 1218, 4291–4298. 
https://doi.org/10.1016/j.chroma.2011.05.030 

Sánchez-Quiles, D., Tovar-Sánchez, A., 2015. Are sunscreens a new environmental risk 
associated with coastal tourism? Environment International 83, 158–170. 
https://doi.org/10.1016/j.envint.2015.06.007 

Sánchez-Quiles, D., Tovar-Sánchez, A., 2014. Sunscreens as a Source of Hydrogen 
Peroxide Production in Coastal Waters. Environ. Sci. Technol. 48, 9037–9042. 
https://doi.org/10.1021/es5020696 

Sendra, M., Sánchez-Quiles, D., Blasco, J., Moreno-Garrido, I., Lubián, L.M., Pérez-
García, S., Tovar-Sánchez, A., 2017. Effects of TiO2 nanoparticles and 
sunscreens on coastal marine microalgae: Ultraviolet radiation is key variable for 
toxicity assessment. Environment International 98, 62–68. 
https://doi.org/10.1016/j.envint.2016.09.024 

Sureda, A., Capó, X., Busquets-Cortés, C., Tejada, S., 2018. Acute exposure to 
sunscreen containing titanium induces an adaptive response and oxidative stress 
in Mytillus galloprovincialis. Ecotoxicology and Environmental Safety 149, 58–63. 
https://doi.org/10.1016/j.ecoenv.2017.11.014 

Tarazona, I., Chisvert, A., León, Z., Salvador, A., 2010. Determination of hydroxylated 
benzophenone UV filters in sea water samples by dispersive liquid-liquid 
microextraction followed by gas chromatography-mass spectrometry. Journal of 
Chromatography A 1217, 4771–4778. 
https://doi.org/10.1016/j.chroma.2010.05.047 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

16 

 

Tarazona, I., Chisvert, A., Salvador, A., 2014. Development of a gas chromatography-
mass spectrometry method for the determination of ultraviolet filters in beach sand 
samples. Anal. Methods 6, 7772–7780. https://doi.org/10.1039/C4AY01403K 

Tovar-Sánchez, A., Sánchez-Quiles, D., Basterretxea, G., Benedé, J.L., Chisvert, A., 
Salvador, A., Moreno-Garrido, I., Blasco, J., 2013. Sunscreen Products as 
Emerging Pollutants to Coastal Waters. PLoS ONE 8, e65451. 
https://doi.org/10.1371/journal.pone.0065451 

Tsimplis, M.N., Proctor, R., Flather, R.A., 1995. A two-dimensional tidal model for the 
Mediterranean Sea. Journal of Geophysical Research 100, 16. 
https://doi.org/10.1029/95JC01671 

Tsui, M.M.P., Lam, J.C.W., Ng, T.Y., Ang, P.O., Murphy, M.B., Lam, P.K.S., 2017. 
Occurrence, Distribution, and Fate of Organic UV Filters in Coral Communities. 
Environ. Sci. Technol. 51, 4182–4190. https://doi.org/10.1021/acs.est.6b05211 

Tsui, M.M.P., Leung, H.W., Wai, T.-C., Yamashita, N., Taniyasu, S., Liu, W., Lam, P.K.S., 
Murphy, M.B., 2014. Occurrence, distribution and ecological risk assessment of 
multiple classes of UV filters in surface waters from different countries. Water 
Research 67, 55–65. https://doi.org/10.1016/j.watres.2014.09.013 

UNEP, 2015. UNITED NATIONS ENVIRONMENT PROGRAMME MEDITERRANEAN 
ACTION PLAN (No. UNEP(DEPI)/MED BUR.79/7), UNEP/MAP Midterm Strategy 
2016-2021 - Draft Issues Paper. Antalya, Turkey, 3-4 February 2015. 

UNEP/MAP, 2015. Marine Litter Assessment in the Mediterranean - 2015 (No. ISBN No: 
978-92-807-3564-2). 

UNWTO Tourism Highlights, 2017 Edition | Tourism Market Trends UNWTO [WWW 
Document], n.d. URL http://mkt.unwto.org/publication/unwto-tourism-highlights 
(accessed 7.31.18). 

Vidal, L., Chisvert, A., Canals, A., Salvador, A., 2010. Ionic liquid-based single-drop 
microextraction followed by liquid chromatography-ultraviolet spectrophotometry 
detection to determine typical UV filters in surface water samples. Talanta 81, 549–
555. https://doi.org/10.1016/j.talanta.2009.12.042 

Vidal-Liñán, L., Villaverde-de-Sáa, E., Rodil, R., Quintana, J.B., Beiras, R., 2018. 
Bioaccumulation of UV filters in Mytilus galloprovincialis mussel. Chemosphere 
190, 267–271. https://doi.org/10.1016/j.chemosphere.2017.09.144 

Vignardi, C.P., Hasue, F.M., Sartório, P.V., Cardoso, C.M., Machado, A.S.D., Passos, 
M.J.A.C.R., Santos, T.C.A., Nucci, J.M., Hewer, T.L.R., Watanabe, I.-S., Gomes, 
V., Phan, N.V., 2015. Genotoxicity, potential cytotoxicity and cell uptake of titanium 
dioxide nanoparticles in the marine fish Trachinotus carolinus (Linnaeus, 1766). 
Aquat. Toxicol. 158, 218–229. https://doi.org/10.1016/j.aquatox.2014.11.008 

Wang, J., Pan, L., Wu, S., Lu, L., Xu, Y., Zhu, Y., Guo, M., Zhuang, S., 2016. Recent 
Advances on Endocrine Disrupting Effects of UV Filters. Int J Environ Res Public 
Health 13. https://doi.org/10.3390/ijerph13080782 

World Tourism Organization (UNWTO), 2018. European Union Tourism Trends. World 
Tourism Organization (UNWTO). https://doi.org/10.18111/9789284419470 

World Tourism Organization (UNWTO), 2017. UNWTO Tourism Highlights: 2017 Edition. 
World Tourism Organization (UNWTO). https://doi.org/10.18111/9789284419029 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

17 

 

Zhang, C., Wang, J., Tan, L., Chen, X., 2016. Toxic effects of nano-ZnO on marine 
microalgae Skeletonema costatum: Attention to the accumulation of intracellular 
Zn. Aquat. Toxicol. 178, 158–164. https://doi.org/10.1016/j.aquatox.2016.07.020 

Zhu, X., Zhou, J., Cai, Z., 2011. The toxicity and oxidative stress of TiO2 nanoparticles in 
marine abalone (Haliotis diversicolor supertexta). Marine Pollution Bulletin, 6th 
International Conference on Marine Pollution and Ecotoxicology 63, 334–338. 
https://doi.org/10.1016/j.marpolbul.2011.03.006 

 

 

 

 

ACCEPTED MANUSCRIPT



ACCEPTED M
ANUSCRIPT

18 

 

Figure 1. International tourist arrivals to countries bordering the Mediterranean Sea during 2016 (for Turkey and Algeria 

data is from 2015). Source: (World Tourism Organization (UNWTO), 2017) 
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Figure 2. Nights spent at tourist accommodation establishments in coastal areas (from 1991 - 2011). 

(http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do). 
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