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ABSTRACT 

 

 

Seagrass ecosystems have been recognized for their significant ecological and economic 

value. However, increasing anthropogenic disturbances, such as marine pollution, have led 

to a progressively declining of seagrasses on a global scale. Despite in the last years the 

number of publications about the effects of UV filters used in sunscreens on marine species 

has increased substantially, studies of these products on marine plants are still scarce, 

although it could be another cause of seagrass decline. In this study, the effect of a 

commercial sunscreen mixture (40g/mL, 80g/mL, no cream) on a community dominated by 

the seagrass Cymodocea nodosa was evaluated in a 28-day laboratory experiment. 

Subsequently, physiological (i.e. carbohydrates), morphological (i.e. biomass) and 

community (i.e. carbon metabolisms and sediment properties) responses were analyzed. 

Cymodocea nodosa community was heterotrophic under sunscreen treatment, 

independently of concentration, showing a decrease  in gross primary production, probably 

due to a lower photosynthetic efficiency. Moreover, the sunscreen presence increased 

sucrose content in leaves and in rhizomes as metabolic adaptations to the sunscreen 

addition. Regarding biometry, the increase in leaves length was considered a defence or 

adaptation to the harmful effects of sunscreen. On the other hand, OC, OM and chlorophyll 

content in sediments increased under sunscreen treatments, probably due to higher 

decomposition rate of seagrass biomass by toxic compounds of sunscreens. Overall, this 

study show that sunscreen products are a significant source of organic and inorganic 

chemicals with potential ecological consequences on seagrasses, highlighting the need to 

improve our knowledge on the in situ concentrations of chemicals released from sunscreen 

products as well as their combined effects with other environmental variables (e.g. 

temperature) on this valuable ecosystem. 
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1. INTRODUCTION 

The loss and degradation of marine coastal ecosystems such as coral reefs, seagrass beds, 

mangroves, salt marshes, oyster reefs, maërl beds has recently reached alarming levels 

worldwide due to increased anthropogenic pressures such as fishing and aquaculture, 

transport, tourism, and hydrocarbon extraction (Orth et al., 2000; Korpinen et al., 2013; 

Bayraktarov et al., 2020). Moreover, the complex interplay between these disturbances and 

climate-related ones (e.g. sea temperatures rising with consequences such as marine 

heatwaves, increasing weather extremes, ocean acidification) has inevitably led to an 

increased vulnerability of these habitats to natural factors such as continuous disturbances and 

a decreased capacity to provide ecosystem services (Simeoni et al., 2022). In Europe, the 

decay of these ecosystems is compromising the well-being of 448,4 million people 

(https://european-union.europa.eu/principles-countries-history/key-facts-and-figures/life-

eu_it) as they play a crucial role in society by regulating the climate and providing food 

resources (Albert et al., 2020). At this rate, the biotic homogenisation of ecosystems is 

approaching until the complete loss of their functionality (Claudet and Fraschetti, 2010). 

Faced with this dramatic situation, European political forces are recently becoming more 

aware of the importance of the marine environment for society. Indeed, through funding and 

time, several directives for the protection and conservation of the marine environment have 

emerged (Boyes et al., 2016). Mention should be made of the 'Water Framework Directive' 

(Directive 200/60/EC) and the 'Marine Strategy Framework Directive' (Directive 

2008/56/EC), both of which aim to impose criteria for the achievement of 'Good 

Environmetal Status', that implies a proper functioning and balance of marine ecosystems. In 

December 2019, the European Commission proposed a comprehensive action plan within the 

European Green Deal initiative with the goal of becoming the first climate-neutral continent 

by 2050, which means achieving a balance between greenhouse gas emissions produced and 

those absorbed or removed from the atmosphere (Fetting, 2020). A key component of the 

European Green Deal is the 2030 Biodiversity Strategy, in which the European Union is 

committed to halting the loss of biodiversity and restoring ecosystems by 2030, considering 

the interconnection between nature, economy and society (Szpilko and Ejdys, 2022).  

One of the key points of this strategy is to increase scientific knowledge about biodiversity 

and improve the monitoring and assessment of ecosystems. Therefore, scientific research, 

through which evidence-based solutions can be developed to guide environmental 

conservation decisions and actions (UNEP, 2006), appears to be of major importance.  

https://european-union.europa.eu/principles-countries-history/key-facts-and-figures/life-eu_it
https://european-union.europa.eu/principles-countries-history/key-facts-and-figures/life-eu_it
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1.1 The seagrasses 

Seagrasses are true flowering plants (Magnoliophyta), monocotyledonous angiosperms, 

adapted to live in the completely submerged marine environment due to certain evolutionary 

adaptations, such as tolerance to salinity, anoxic substrates and waves and currents (Den 

Hartog, 1970). They inhabit coastal areas all over the world except Antarctica (Green and 

Sort, 2003) and belong to the class Liliopsida, order Alismatales and are almost all 

photophilic (Danovaro, 2013). Due to their need for light, they colonise the sublittoral plane, 

although in particularly transparent waters they can grow up to 40-50m depth. They 

generally grow in areas where at least 10-20% of incident surface light arrives, as they have 

high photosynthetic rates. Therefore, the major limiting factors for these plants are water 

transparency, the presence of humic acids and river mouths, and of course pollution due to 

human activities. Also important are hydrostatic pressure, which limits their growth in depth 

although the light level is sufficient, and salinity, which influences flowering and seed 

germination (Karleskint, 1998). It has also been shown in studies that during low tide 

periods, seagrasses in intertidal environments can suffer photoinhibition, desiccation and UV 

damage. The leaves of many marine magnoliophytes contain tannins (proanthocyanins), 

which serve as a chemical defence against grazing organisms (Raven et al., 2002). 

Among the various existing classifications, seagrass meadows are divided into monospecific 

(or pure), which prevail at greater bathymetries and are composed of a single species, and 

multispecific (or mixed), which are found at shallower depths and consist of several species 

(Buia and Marzocchi, 1995). Regarding the substrate on which seagrasses grow, three 

categories of seagrasses have been identified based on different characteristics such as 

sediment lithology, coastal profile and bathymetry:  

➢ Grasslands on sand, the most common ones, which can be formed by all species of 

seagrasses. 

➢ Grasslands on rocks and coral, formed only by the species Posidonia oceanica 

(Linneus) Delile. 

➢ Grasslands on biogenic structures, which grow over the intertwining of dead rhizomes 

and roots, between which sediment is trapped, of former grasslands (Figure 3). 

Structures formed by P. oceanica are called matte, while those by C. nodosa and 

Nanozostera noltii (Hornemann) Tomlinson & Posluzny are called turf (Buia et al., 

2003). 

Although the seagrasses occupy only about 0,1% of the coastal areas (Duarte et al. 2005) 
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their growth rate and productivity are similar or even higher than that of highly productive 

rainforests (Duarte and Chiscano 1999, Laffoley and Grimsditch 2009). They are marine 

foundation species that form one of the richest and most important coastal habitats (Short et 

al., 2011). 

Therefore, seagrasses are considered by the entire scientific community to be organisms 

worthy of protection, and therefore laws have been enacted at both national and 

international levels to support their protection as species or habitats (ISPRA, 2014). In 

1996, the Bern Convention on the Conservation of European Wildlife and Natural Habitats 

included the species C. nodosa, P. oceanica, and Z. marina as strictly protected plant 

species for whose conservation the habitats in which they occur must also be protected. By 

contrast, the 1997 EU Habitats Directive, the only one with sanctioning power, only lists P. 

oceanica as a habitat. In addition to the latter directive, the 'Protocol concerning Specially 

Protected Areas and Biological Diversity in the Mediterranean' (SPA/BIO) of the Barcelona 

Convention (1995) includes Z. marina, Z. noltii, Z. nana, C. nodosa as threatened or 

endangered species in addition to P. oceanica (Bianchi et al., 2008). 

In order to improve co-operation measures between states, an action plan for the protection 

of marine plants in the Mediterranean was approved in 1999, comprising three main 

requirements:  

➢ Ensure the conservation of plant species and formations through legal protection 

measures and better knowledge of them. 

➢ Prevent the loss and degradation of marine magnoliophyte grasslands and other 

plant formations, as habitats of marine species, and maintain them in a satisfactory 

state of conservation. 

➢ Ensure the conservation of those formations that can be considered natural 

monuments such as posidonia reefs, bioswales. 

Thus, the establishment of Marine Protected Areas can be considered as an indirect 

measure for the defence of marine phanerogams (Turnbull et al., 2021). 

Beyond the Strait of Gibraltar, they are protected by the OSPAR (Oslo-Paris) Convention 

of 1992, which aims to protect the marine environment of the Northeast Atlantic from the 

adverse effects of human activities, including pollution from land-based sources (Tromp 

and Wieriks, 1994). 

Figure 1 shows the morphology of the main seagrass species. 
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Figure 1. A) Posidonia oceanica; B) Cymodocea nodosa; C) Zostera marina; D) Nanozostera noltii; E) 

Halophila stipulacea; F) Ruppia cirrhosa; G) Ruppia maritima. 

 

1.1.1 Origin 

Fossil records of seagrasses, mainly belonging to the genera Posidonia and Thalassocharis, 

are unfortunately scarce and date back to the Late Cretaceous (100 million years ago). It is 

assumed that the geographical area of origin of these plants includes Indonesia, Borneo and 

New Guinea and that they subsequently spread to the rest of the world, excluding Arctic 

areas, according to the centre-of-origin hypothesis. Another hypothesis is the vicariance 

hypothesis, which states that their distribution was uniform along the coasts of East Africa 

and Indonesia (Jagt at al., 2019). Regarding the genesis of these plant organisms, there are 

two different theories. Arber's theory states that seagrasses originated from freshwater plants 
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that, due to a sudden increase in salinity, gradually adapted to live first in brackish water 

and then in the sea. In fact, there are many more freshwater phanerogams than saltwater 

ones (Arber, 1920; Sculthorpe, 1967). Instead, according to Den Hartog's theory, they 

developed from halotolerant terrestrial plants that were adapted to live in intertidal zones 

and thus underwent phases of emersion and immersion in seawater (Den Hartog, 1970). The 

morphological comparison of halotolerant plants with seagrasses showed many more 

similarities than the comparison between the latter and freshwater phanerogams, making 

this second theory more convincing. Furthermore, molecular phylogenetic analyses have 

demonstrated the polyphyletic origin of these plants (Green and Short, 2003). 

 

1.1.2 Actual geographical distribution 

The global species diversity of marine angiosperms is low. Approximately 60 different 

species of seagrasses have been estimated to be widely distributed along the temperate and 

tropical coasts of the planet. Despite this, seagrass beds can extend over thousands of 

kilometres of coastline (den Hartog and Kuo, 2006). 

Short et al. in their 2007 study on the global distribution of seagrasses identified six 

bioregions, four temperate and two tropical, based on species assemblages and distribution 

ranges. Temperate bioregions include (Figure 2): 

➢ The North Atlantic Ocean, where the main species is Zostera marina L. and 

typically grows in estuaries and lagoons. 

➢ The North Pacific Ocean, with a high diversity of seagrasses and in particular 

Zostera spp. and Phyllospadix spp. 

➢ The Mediterranean Sea, which with its clear waters hosts both temperate and 

tropical phanerogams, including C. nodosa, Z. marina, N. noltii and Halophila 

stipulacea (Forsskål) Ascherson, with predominance of the deep-growing P. 

oceanica species, which is endemic to this location. In addition, Halodule uninervis 

(Forsskål) Ascherson has been sighted along the Egyptian coast, while Ruppia 

cirrhosa (Petagna) Grande and Ruppia maritima L. are exclusive to brackish lagoon 

environments. 

➢ The Southern Oceans bathe the southern coasts of Australia, Africa and South 

America, where several species of Posidonia and Zostera are widespread. 

The two tropical bioregions are: 

➢ The south-central Atlantic Ocean, where numerous seagrass species are found on 
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reefs and shallow areas, with a predominance of Thalassia testudinum K.D.Koenig, 

1805. 

➢ The Indo-Pacific zone of the Indian Ocean and the south-central Pacific has the 

highest diversity of marine angiosperm species worldwide, with as many as 14 

different species developed in both shallow and deep waters. 

Figure 2. Global seagrass distribution shown as blue points and polygons (data from 2005 UNEP-WCMC) 

and geographic bioregions: 1. Temperate North Atlantic, 2. Tropical Atlantic, 3. Mediterranean, 4. Temperate 

North Pacific, 5. Tropical Indo-Pacific, 6. Temperate Southern Oceans. 

 

 

It can be stated that the distribution of seagrasses genera is consistent north and south of the 

equator, and the subdivision of the globe into bioregions is useful for the analysis and 

interpretation of ecological, physiological and genetic data collected in specific areas and 

from certain species (Figure 3). 

Considering the area of interest of this study, the following four species of seagrasses are 

found along the coasts of the Iberian Peninsula: C. nodosa, Z. noltii, Z. marina and P. 

oceanica, whose limit of distribution has been shown to be at Gibraltar. Going into more 

detail, in the Bay of Cadiz, where the sampling for this research was carried out, there is 

well-documented evidence of the presence of Z. noltii and C. nodosa, which over time has 

replaced the previous prairies of Z. marina, now widespread as far as Tarifa in southern 

Spain (Brun at al., 2015) 
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Figure 3. Global seagrasses diversity and distribution. Shades of green indicate numbers of species reported 

for an area. Blue points polygons indicate documented reports of seagrasses occurrence (from 2005 UNEO-

WCMC). 

 

1.1.3 Physiology 

Seagrasses differ from algae in the greater degree of differentiation of their structure, 

organised into organs and tissues that perform different functions. They are modular plants 

made up of individual units called ramets, which expand laterally through the growth first of 

the horizontal rhizome (plagiotropic), a modified stem that penetrates the substrate, and 

then, at the nodes, of new roots, mostly adventitious, which then separate physiologically 

from the mother plant (Larkum at al., 2006). Indeed, the propagation of phanerogams is 

mainly through stolonisation (vegetative reproduction), but also through generally 

hydrophilic pollination, although some species are also able to carry out subaerial 

(freshwater phanerogams, except for the marine plant Enhalus acoroides) and ephidrophilic 

(pollen dispersal on the water surface) pollination. 

Most of these plants are hermaphrodite and the inflorescences, consisting of 4 to 10 flowers 

protected by the leaves, contain the stamens with the pollen (the male part), which surround 

the carpels with the egg cell (the female part). Once the fruits (achenes, capsules or drupes) 

are generated, they detach and can be dispersed in space by currents, wind and waves. These 

eventually release the seed, which settles and germinates under favourable environmental 

conditions (Danovaro, 2013; Hocking et al., 1980). 
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In reality, the rhizomes of these plants are dimorphic, the plagiotropic rhizomes have the 

function of anchoring the phanerogams plant to the substratum, thus favouring the 

formation of the so-called grasslands, and to fulfil this purpose they are robust and prone to 

lignification. On the other hand, vertical rhizomes (orthotropic), which are more flexible 

and elastic, allow the plant to grow upwards, thus avoiding any adverse conditions such as 

burial by sediment, on which there are numerous studies (Tuya et al., 2013; Hirst et al., 

2017). During the life of the plant, the two types of rhizomes can change from one form to 

the other depending on the condition of the plant. For example, the death of the apical 

meristem may cause a plagiotropic rhizome to become orthotropic or the end of vertical 

growth may cause an orthotropic rhizome to switch to plagiotropic. 

While the rhizomes and roots, which act as oxygen reserves for the phanerogams plant, 

constitute the hypogeal layer of the plant, the epigeal layer consists of the leaves that develop 

from the basal meristem at the top of the rhizome. The vegetative apex consists of leaves of 

variable length (30-40 cm to 1 m) that divide into young, intermediate and adult. The latter 

are the outermost leaves of the clump in order to protect the innermost young ones. The main 

functions of the leaves are chlorophyll photosynthesis and gaseous exchanges with the 

external environment, which take place thanks to a specialised parenchyma called 

aerenchyma, which, characterised by air channels, also allows leaf flotation. All leaves have 

a leaf sheath at their base for protective purposes (Short and Coles, 2001; Buia et al., 2003; 

Figure 4).  

 

Figure 4. Structural parts of marine seagrasses, in particular of Cymodocea nodosa. 
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1.1.4 Cymodocea nodosa 

C. nodosa is a temperate seagrass of the Cymodoceaceae family (Figures 5, 6, 7) ; its 

common name is glasswort (https://www.isprambiente.gov.it/it/banche-dati/atlante-delle-

specie-marine-protette/vegetali/cymodocea-nodosa-ucria-ascherson-1870). This fast-growing 

plant mainly colonises sandy bottoms and sites sheltered from wave motion. It prefers fine 

graded sands and shallow muddy sands, sometimes also rocks covered with sediment. It 

forms extensive genetically diversified grasslands in the first few metres of depth but can also 

be found at 40m (Peralta et al., 2021). It is also easy to spot in coastal areas near man-made 

areas and has been proposed as a bioindicator species to monitor environmental quality 

(Malea et al., 2019). Furthermore, it can sustain ecosystems and epiphytic communities on a 

par with P. oceanica and is tolerant to high temperatures. Thus, with global warming, this 

species can expand its distribution area. It is a medium-sized dioecious species with high 

morphometric plasticity, flowering in spring and fruiting in summer (Agostini et al., 2003; 

Perez et al., 1994). During these periods of the year, the plant reaches its highest growth rate 

with 4-7 leaves per bundle and rapid rhizome growth. The flowers are small and solitary, 

difficult to spot among the leaves, while the fruits are achenes arranged in pairs and 

compressed laterally. The leaves, ribbon-like and narrowly grouped in bundles, are 15-40 cm 

long and have a rounded apex with a finely toothed margin (Caye and Meinesz, 1985; Buia 

and Mazzella, 1991). In the Mediterranean Sea, C. nodosa is the second most important 

species after P. oceanica, and being a pioneer species, it can settle in the regression zones of 

the latter or on matte together with Z. noltii (Vaquer-Sunyer et al., 2020). This phanerogam 

also spreads along the Atlantic coasts of Africa and Europe, where it finds its distribution 

limit in the North Atlantic near the Bay of Cadiz, where it often lives in mixed communities 

with the macroalga Caulerpa prolifera. It has also been observed below the Tropic of Cancer 

and extensively in the Black Sea (Green and Short, 2003). 

Due to the increasing anthropization of the coastline the species is included in Annex II of the 

SPA/BIO Protocol of the Barcelona Convention and in Annex I of the Bern Convention 

(IUCN Red List 2010, conservation status: Least Concern). C. nodosa is also protected by the 

Spanish Royal Decree 139/2011 for the development of the List of Wild Species under 

Special Protection Regime of the Spanish Catalogue of Threatened Species 

(https://www.isprambiente.gov.it/it/banche-dati/atlante-delle-specie-marine-

protette/vegetali/cymodocea-nodosa-ucria-ascherson-1870;  

https://www.boe.es/eli/es/rd/2011/02/04/139). 

https://www.isprambiente.gov.it/it/banche-dati/atlante-delle-specie-marine-protette/vegetali/cymodocea-nodosa-ucria-ascherson-1870
https://www.isprambiente.gov.it/it/banche-dati/atlante-delle-specie-marine-protette/vegetali/cymodocea-nodosa-ucria-ascherson-1870
https://www.isprambiente.gov.it/it/banche-dati/atlante-delle-specie-marine-protette/vegetali/cymodocea-nodosa-ucria-ascherson-1870
https://www.isprambiente.gov.it/it/banche-dati/atlante-delle-specie-marine-protette/vegetali/cymodocea-nodosa-ucria-ascherson-1870
https://www.boe.es/eli/es/rd/2011/02/04/139
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Figure 5. Cymodocea nodosa meadow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Detail of seagrass Cymodocea nodosa bundles and leaves. 
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Figure 7. Inflorescence of the marine seagrass Cymodocea nodosa. 

 

 

1.1.5 Economic and ecological role of seagrasses 

The interest in the protection, conservation and management of seagrass meadows by experts 

has been increasing significantly in recent decades due to the numerous benefits and services 

on both an economic (tourism, fishing, aquaculture) and ecosystem level that these coastal 

habitats are able to provide to the population and the planet (Ruiz-Frau et al., 2017; Orth et 

al., 2020). In fact, these organisms are called engineer species by ecologists, meaning 

organisms that through their presence are able to directly or indirectly shape the ecosystem 

and give rise to particular biogeocenoses that favour the growth of numerous epiphytic 

species, vagile (isopods) and others such as crustaceans, cephalopods, fish like Sarpa salpa 

(Steele et al., 2014) and turtles like Chelonia mydas (Hays et al., 2002). These are sometimes 

species of economic interest to which seagrasses provide nursery, refuge and food 

availability, thus supporting food security and contributing to increased biodiversity in 

coastal marine areas (Heck Jr. et al., 1997). Moreover, seagrasses are also considered key 

species, in other words, species that have a disproportionately large impact on their 

environment relative to their abundance. If the latter were to change significantly, what is 

defined as an ecosystem shift would occur (Zhao-hua et al., 2001). Regarding the organisms 

associated with the phanerogams, epiphytes are mainly to be found, which are important as 

they transfer part of the primary production to the higher levels of the trophic chain. Among 
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which there are plant epibionts (red, brown algae) at the apex of the leaves, which is the most 

illuminated zone, while at the base live sciaphilous organisms such as hydrozoans, 

bryozoans, ascidians, nematodes and copepods. The rhizomes are populated by polychaetes 

(called borers, capable of digging long tunnels in the sediment), decapod crustaceans and 

echinoderms (Michael et al., 2008; Larkum et al., 2006). This is because marine angiosperms 

modulate resource availability by being responsible for a large production of oxygen 

(~16L/m2 per day), which allows the transfer of air into the water column and sediment, and 

organic matter, which places them at the base of a complex trophic network (Erftemeijer et 

al., 1993). In addition, thanks to their root system, they are able to retain sediment moved by 

wave motion and thus stabilise the seabed by protecting it under their carpet of leaves, which 

also performs a braking action that reduces the impact of wave motion on the shoreline and 

safeguards the coastline from erosion (Borum et al., 2004). The remains of seagrasses 

deposited on the foreshore (clusters of leaves known as banquettes) also play a decisive role. 

In fact, these, after their fragmentation by physical factors, detritivorous and decomposing 

organisms and their re-mineralisation by bacteria, represent an important source of carbon, 

particulate and dissolved, and nutrients (Mateo et al., 2003). The presence of these organisms 

is also relevant in terms of climate change, as they can absorb atmospheric CO2 and mitigate 

ocean acidification (Pacella et al., 2018). 

Despite the great importance of these coastal marine ecosystems, social agents (politicians, 

managers, citizens) still have little knowledge and awareness of seagrasses, which take a 

back seat to similar situations, such as management plans for coral reefs and mangroves. It is 

therefore necessary to promote a public awareness plan through more effective 

communication and spreading of research. This is why seagrass beds are among the most 

threatened marine habitats in the world, with more than 40 per cent loss on a global scale 

since 1940 and even faster rates of decline than tropical forests (Short et al., 2011). The 

major causes of their decline in abundance and resilience are linked to human activities. In 

the foreground there is the deterioration of water quality with reduced transparency, due to 

pollution. Other factors to consider are eutrophication, the artificialisation of coastlines with 

alteration of sediment flows (e.g. by dredging actions), the use of invasive fishing gear such 

as trawling, anchoring and competition with introduced and alien species such as the 

macroalga Caulerpa taxifolia, which is causing the regression of C. nodosa (Egea et al., 

2018; Belando et al., 2021). 

 



 

 
 

18 

 

1.2 Sunscreen as marine pollutant  

The last decade has been characterised by a growing awareness of the importance of personal 

care and beauty, which has led to a sharp increase in skincare products, accounting for 42% 

of the global cosmetics market. Skincare products are therefore the most profitable, in fact it 

is estimated that they will generate $177 billion in revenue in 2025 (Ruiz-Gutierrez et al., 

2022). These include exfoliants, mineral-based facial treatments, serums, oils and 

sunscreens. The consumption of the latter, due to the expansion of coastal tourism and its 

recreational activities, has reached high levels causing the spread of sunscreens in the marine 

environment. In particular, these compounds are able to enter into solution both within the 

water column, mainly in the first few metres of depth, and in sediments as a direct 

consequence of bathers, sea cruises and indirectly through domestic and industrial 

wastewater discharges (Giokas et al., 2007; Tovar-Sanchez, 2013). Sunscreen products are 

considered contaminants of emerging concern (CECs) because they cause negative 

ecological effects on marine life, such as bioaccumulation in organisms, biomagnification in 

the trophic net, high levels of toxicity, alteration of the growth and photosynthetic process of 

marine flora, impairment of the immune and endocrine systems in marine biota, reduced 

fertility in aquatic fauna, and the potential bleaching of corals caused by zinc oxide and other 

compounds, which alters the symbiosis between these organisms and zooxanthellae 

(Corinaldesi et al. , 2018; Molins-Delgado et al., 2018). Indeed, studies have shown that the 

addition of sunscreen to the water causes the release of zooxanthellae in coral reefs, and by 

epifluorescence and TEM microscopy analysis they show loss of photosynthetic pigments 

and membrane integrity. The speed at which this phenomenon occurs has a direct 

proportional relationship with the concentration of sunscreen present and the temperature as 

demonstrated by laboratory experiments. Furthermore, it has been estimated that on average 

during a 20-minute dive, about 25% of the ingredients of the sunscreen applied to the skin 

are released into the water, and from this it is believed that 10% of the world's coral reefs are 

threatened by bleaching caused by sunscreen (Danovaro et al., 2008). Therefore, in 2018, 

some of the ingredients used in their production, e.g. oxybenzone (BP3), octinoxate (EHMC) 

and octocrylene (OC), were banned in countries with coastal areas of intense tourist flow 

such as Hawaii, Palau and Thailand (Yuan et al., 2022). Sunscreens contain a wide range of 

organic (synthetic) compounds, among the 50 legally permitted are benzophenones, PABA 

p-aminobenzoates, salicylates, cinnamates (UV-B filters found in 90% of sunscreens) and 

camphor, and inorganic (mineral) compounds, i.e. nanoparticle oxides, such as titanium 
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dioxide (TiO2) and zinc oxide (ZnO), the only two legally permitted, which prevent oxidative 

stress on the skin and have limited intracutaneous penetration. These types of organic and 

inorganic compounds are called ultraviolet filters (UVFs) and reflect and absorb high-energy 

UV radiation in the UV-A (320-400 nm) and UV-B (280-320 nm) range in order to release it 

in the form of lower energy rays (heat). In this way they are able to block the penetration of 

UV light into the epidermis acting as physical barriers and protect the skin in the short and 

long term. UV-A is the wavelength that penetrates the deepest and is associated with the 

formation of wrinkles, pigmentation and long-term damage to the skin. While UV-B 

exposure causes red and painful irritation (Elmarzugi et al., 2013). Both wavelengths are 

recognised as causes of skin cancer (Lowe, 2006). An estimated 10,000 tonnes of UV filters 

are produced each year for the global market (Chisvert and Salvador, 2007; Sanchez-Quiles 

et al., 2020; Osterwalder et al., 2014). Table 1 shows the 12 most commonly used UV filters, 

10 organics and 2 inorganics, with their main characteristics. These same components not 

only represent the active ingredients of cosmetic products but are also those used in the 

manufacture of plastic objects as UV light stabilisers to prevent deterioration of the material 

(Tashiro and Kameda, 2013). Each type of sunscreen, despite its different formulation, 

combines a number of both organic and inorganic UV filters, as the maximum permitted 

concentrations must be observed for each of them, and in this way the spectrum of protection 

they can provide is also extended (Watkins and Sallach, 2021). In addition, in order to satisfy 

every type of consumer, aqueous and organic dispersing agents, emulsifiers, antioxidants, 

humectants, preservatives, stabilisers and antimicrobial agents are also included in addition 

to the choice of UV filters in order to achieve different forms of application such as creams, 

lotions, gels, sticks or aerosols (Ruiz-Gutierrez et al., 2022). Thus, the release of sunscreen 

into the sea depends on the nature of its ingredients, the characteristics of the receiving 

medium and a series of physico-chemical interactions between them. These processes can 

keep the components unchanged in the environment, change their speciation or even cause 

their transformation into other compounds (Wang et al., 2022). 
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Table1. IUPAC chemical name, chemical structure, regulation, and the main properties of the most common UV 

filters used in sunscreens. (*) In the Mexican states of Quintana Roo and Yucatan, biodegradable sunscreens are 

permitted and the use of sunscreen in sinkholes is regulated in several municipalities. (**) ASEAN (Brunei, 

Cambodia, Indonesia, Laos, Malaysia, Philippines, Singapore, Thailand, and Vietnam); MERCOSUR (Argetina, 

Brazil, Paraguay, amd Uruguay). 
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1.2.1 Effect of UV filters on seagrasses 

To date, studies on the accumulation and effects of UV filters in the marine environment 

have focused mainly on zooplankton, pelagic fish, dolphins and birds, i.e. the components at 

the apex of the marine food web (Sánchez-Quiles et al. 2020). For primary producers, 

however, researchers have focused on micro- and macroalgae (Haynes and Ward, 2020; 

Montesdeoca-Esponda et al., 2021). For example, studies performed on Gracilaria 

lemaneiformis (Bory) Greville 1830 have shown that TiO2 nanoparticles induce oxidative 

stress responses, disturbances in the antioxidant system and decreased photosynthetic 

pigments (Liu et al., 2019). Few experiments have been performed on marine seagrasses, 

although the sedimentation of UVFs in coastal environments is evident. There is evidence 

that the following UVFs can accumulate in the rhizomes of P. oceanica: benzophenone 3 

and 4 (BP3, BP4), avobenzone (AVO), camphor 4-methylbenzylidene (4MBC), 5-methyl 

benzotriazole (MeBZT) and methylparaben (MePB, used as an antifungal preservative). The 

highest concentrations found belong to BP4, which is nevertheless considered a less toxic 

substance at sea than BP3 and 4MBC (Agawin et al., 2022). Furthermore, the leaf segments 

of P. oceanica increase their primary productivity with the addition of sunscreen, probably 

due to the inorganic nutrients released by the cream. However, the remaining biological 

parameters analysed reflect possible impairments to the full functioning of the seagrass due 

to oxidative damage (Gárcia-Márquez et al., 2023). Regarding inorganic UVFs, on the other 

hand, it has been established that exposure of C. nodosa to ZnO nanoparticles leads to the 

disruption of photosystem II functioning, resulting in reduced photosynthetic efficiency and 

increased generation of hydrogen peroxide (H2O2), which is part of the reactive oxygen 

species (ROS) that are toxic at high concentrations (Malea et al., 2019). While the toxicity 

of TiO2 nanoparticles was tested on Halophila stipulacea (Forssk.) Asch. and resulted in 

significant inhibition of leaf elongation and loss of leaf cell structure and vitality (Mylona et 

al., 2020). 
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2. AIM OF THE RESEARCH 

This study examines the coastal marine ecosystem consisting of seagrass beds. Seagrass 

ecosystems rank among the most threatened ecosystems on Earth, compromising the 

important services they provide (Unsworth et al. 2018). Seagrasses are now facing increasing 

pressures from a rapidly changing climate and high exposition to emergent contaminants like 

sunscreen pollution (Agawin et al. 2022). However, the effect of sunscreen exposition in 

physiological responses and how this contaminant challenge may affect the carbon 

sequestration service on seagrasses are still disregarded.  

Considering the scarce studies conducted on these marine primary producers, the objective of 

this paper is to analyse and evaluate in the laboratory the effect of exposure to a mixture of 

commercialised sunscreens of the temperate seagrass Cymodocea nodosa (Ucria) Ascherson 

sampled in the Bay of Cádiz, Andalusia, in April 2023. In addition to measuring abiotic 

parameters such as temperature, pH, salinity and nutrients, the study aims to obtain 

measurements of physiological and community response variables.  

Responses ranging from individual (biomass and non-structural carbohydrates content) to 

community (carbon metabolism, chlorophyll in sediment and organic matter and carbon) were 

studied in mesocosm experiment subjected for 28 days to three levels of sunscreen exposure 

(control, moderate and severe concentrations) in an indoor mesocosm system at the Faculty of 

Marine and Environmental Sciences of the University of Cadiz. This study provides 

additional arguments to the growing need to protect and conserve seagrass meadows as 

valuable ecosystems to counteract climate change under the IPCC framework 

(Intergovernmental Panel on Climate Change). Finally, through this experiment, the intent is 

to contribute to the achievement of Sustainable Development Goal 14 of the UN Agenda 

2030, which refers to life under water and has the objective to significantly reduce all types of 

marine pollution by 2025 and to bring ocean acidification to a minimum level 

(https://unric.org/it/agenda-2030/). In this regard, the ultimate goal is to pave the way for a 

still lacking assessment of harmful anthropogenic impacts and the protection of marine 

coastal habitats for the sustainable use and renewal of marine resources. 
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3. MATERIALS AND METHODS 

 

3.1 Study area  

Within the Bay of Cádiz, two clearly distinct areas can be identified: an outer bay, 

characterised by inlets, sandy shores and small reefs, well connected to the open sea and the 

continental shelf, and an inner bay (Saco), which is very sheltered and largely occupied by 

shallow water environments influenced by tidal cycles. These two areas are connected by the 

Puntales Strait, which is very important for the exchange of water in the inner bay (Figure 8). 

The tidal regime is mesotidal, with a maximum amplitude of 3,7 m and an average of 2,18 

(Guiterréz et al., 2000). 

Figure 8. Geographical map of Cádiz Bay. 

 

Cymodocea noda Ucria (Ascherson) samples were collected in a continuous monospecific 

meadow in a protected shallow macrotidal embayment (Figure 9) known as Santibáñez 

(36°28'02"N; 6°15'10"W), in the inner part of Cadiz Bay, which has an area of 

approximately 3545 hectares, an average depth of 3 metres and sediment characterised by silt, 

mud and sand (Hernández et al., 2010). Although the meadow is dominated by C. nodosa, the 

community is actually an assemblage of diverse organisms including epi- and endofauna, 

bacteria and other primary producers that contribute to the primary production of the system, 
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such as epiphytes, ephemeral macroalgae or microphytobenthos (Egea et al., 2023). 

Climatically, the system is characterized by a semi-warm subtropical regime with an annual 

seawater temperature between 9-28ºC. In the water column, nutrients usually peaks in winter, 

with values up to 1,4 μM NO2
-, 12 μM NO3

-, 25 μM NH4
+ and 1,5 μM PO4

3- (Egea et al., 

2020). In addition to Cymodocea nodosa, the seagrasses Zostera noltei and Zostera marina 

inhabit this intertidal zone, living in mixed communities with other macrophytes including 

Caulerpa prolifera (Vergara et al., 2012). 

 
Figure 9. Map of the location of the sampling area, the beach of Santibáñez (red dot). The rectangle outlined in 

blue with the UCA inscription inside indicates the Faculty of Marine and Environmental Sciences in Puerto Real 

and the yellow polygon indicates the selected seagrasses meadows where the samples were taken for the 

experiment. 

 

3.2 Sampling strategy 

Sampling was carried out on 20 April 2023 at around 9:00 am, during low tide. In the areas 

with the highest density, a total of 18 whole benthic community samples of C. nodosa were 

extracted with the help of a shovel, at least 10 m apart and randomly selected. Extraction went 

down to a sediment depth of 5-7 cm to keep both the epigeal and hypogeal biomass intact. 

Although each community was dominated by marine seagrass, the samples were actually an 

assemblage of various biological components, such as epiphytes, fauna (epi and endo), 

sediment microorganisms and algae, among which C. prolifera dominated. 



 

 
 

25 

 

The samples were collected by sinking an aquarium into the ground so that its mould 

remained in the sediment. The four marks corresponding to the sides of the aquarium were 

then incised with the shovel and finally, again with the shovel and the help of the hands, the 

samples were lifted and gently placed inside these 26x26x36 cm aquariums with a capacity of 

20 L. Within an hour of collection, the samples were transported to the laboratory covered 

with wet paper towels so that the seagrass and sediment would not dry out (Figure 10). 

Once in the humid laboratory of the CASEM (Centro Andaluz Superior de Estudios Marinos) 

Ecology Area of the University of Cádiz, all aquariums were acclimatised to the experimental 

conditions for 3 days in aerated and filtered natural seawater under saturating light (light 

penetration measured inside the aquaria was ca. 99,15 ± 0,01 %) with a light-dark cycle of 

14:10-h at 25°C before conducting the experiment. The filter system consisted of a pump and 

two filters (the first 50 μm and the second 1 μm) connected via two hoses (Figure 11). In 

order to recreate the natural conditions of sunrise and sunset, the switching on and off of the 

lamps was programmed progressively so as not to stress the plants due to sudden changes in 

irradiance. Thus, between the transition from dark to full light there was a third one-hour step 

during which the light remained at an intermediate intensity (7:00 to 8:00) and equally for 

transition from full light to dark (20:00 to 21:00). In addition, the aquariums were covered 

with black tarpaulins so that the light from the lamps was all concentrated above the 

aquariums and did not leak into the surroundings (Figure 12).  

             Figure 10. Aquariums containing samples            Figure 11. Seawater filtration system. 

             covered with moistened paper towels on the  

             beach of Santibáñez. 
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Figure 12. Aquariums covered with black curtains to focus the light of the lamps on them. 

 

3.3 Experimental design  

The experiment was conducted in an indoor mesocosm system within an air-conditioned 

room (EMR 300-500 LXPD) set at 25°C at the Faculty of Marine and Environmental 

Sciences (University of Cadiz) and the experimental period lasted 4 weeks (Figure 15). The 

aquaria were constantly aerated to homogenise the water and reduce the diffusive boundary 

layer. The experimental design involved the analysis of a single factor, a sunscreen mix, with 

two levels (high and low concentration). 

After acclimatisation, the actual experiment began on 24 April 2023, on which day the 

eighteen aquaria were divided into six for replicates for each treatment (Figure 13): 

 

1. Exposure to a low concentration 

of sun cream (SC1), 40 mg/L; 

2. Exposure to a high concentration 

of sun cream (SC2), 80mg/L;  

3. Control (C), i.e. no sun cream. 

          

 

 

 

 

 
                                                                                      Figure 13. Breakdown of the 18 aquaria into the three  

                                                                                      treatments: C = Control; SC1 = Sunscreen 1, low  

                                                                                      concentration of solar cream; SC2 = Sunscreen 2, high           

                                                                                      solar cream concentration. Bottom right, detail of an  

                                                                                      aquarium. Botton left, aquarium aeration system.                                                
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The sunscreen consisted of a mixture of the five most commonly used creams in Spain, 

differing in protection, composition and brand name (Figure 14). While the two different 

concentrations were chosen based on published data on concentrations found in the 

environment (Ruiz-Gutiérrez et al., 2022; Rodriguez-Romero et al, 2022). 

 

Figure 14. Five types of sunscreen tested on the seagrass  

Cymodocea nodosa in this experiment. 

 

The two treatments were obtained by preparing two different super concentrates of the creams 

in 6 L of seawater from the Rio San Pedro previously filtered (the same water that was used 

to fill the aquariums). Each aquarium contained a total of 10 L of water, but while the six 

controls were not exposed to the cream mix, to six of the remaining samples was added 1 L of 

the first super concentrate, leading to a final concentration of 40 mg/L, while to the remaining 

six was added 1 L of the second super concentrate, leading to a final concentration of 80 

mg/L. Thus, the super concentrate for the high concentration treatment had an initial 

concentration of 4800 mg/L, so 960 mg of each cream was added to prepare it. The following 

calculation was performed [(80 x 10 x 6)/5]. Whereas the super concentrate for the low 

concentration treatment had an initial concentration of 2400 mg/L, so 480 mg of each cream 

was added to prepare it. The following calculation was performed [(40 x 10 x 6)/5]. The water 

in the aquaria (coming from the Rio San Pedro and filtered each time), as well as super cream 

concentrates, were changed once every two days (48-hour cycles) and the plants were 

constantly dug up to prevent them from dying covered by sediment. In addition, the abiotic 

parameters of temperature (25°C) and salinity (~ 42psu) were monitored with measurements 

during the first and last week of the experiment, while the pH (~ 8) only during the first week. 
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In the case of nutrients, 18 samples, one per aquarium, of 25 mL were taken on three 

successive days after the acclimatisation period, precisely on the fourth, fifth and sixth day of 

the experiment, through the use of a syringe placed in the centre of the aquaria and 

subsequently filtered (0,47 μm) and frozen for subsequent analysis of dissolved nutrients 

(PO4, NH4, SiO2, NO3, NO2), that were carried out by INMAR (Instituto Universitario de 

Investigación Marina, Cádiz).  

 

 

 

Figure 15. Graph representing the experimental period divided into its various phases. 
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3.4 Laboratory analysis 

 

3.4.1 Carbon metabolism analysis 

To investigate the effect of the sunscreen mixture on the carbon metabolism of the C. nodosa 

communities, changes in the concentration of dissolved oxygen (DO) in the different aquaria 

were studied through the use of incubations placed within each aquarium on seagrass clumps. 

These incubations consisted of a rigid polyvinyl chloride cylinder (7 cm long, 8 cm in 

diameter and 2 mm thick) with a sharp lower end to insert it into the aquarium sediment. On 

the top of it an airtight polyethylene plastic bag (18 x 16 cm; volume ~ 0,7 L) is attached with 

an elastic band, which has an opening (Figure 16) from which water samples can be taken 

with a syringe from which the dissolved oxygen concentration can be measured (Egea et al., 

2019).  

Figure 16. Incubations for measuring dissolved oxygen in aquarium water. 

 

Three DO measurements were then taken for each aquarium (M1, M2, M3) at different times 

of day (T1, T2, T3) on the last two days of the experiment. The first measurement (M1) took 

place at approximately at 18:00 hours (T1), a time coinciding with sunset, the second (M2) at 

8:00 hours (T2), i.e. when the lights were switched on ('sunrise simulation'), and the last (M3) 

approximately five hours later, i.e. around 14:00 hours (T3). The dissolved oxygen 

concentration was measured in mg/L using an oximeter (OXSP5) with temperature and 

salinity compensation, taking care to avoid the formation of air bubbles inside the water 

samples taken from the incubations. This made it possible to determine community 

respiration (CR), i.e. nocturnal metabolism, and then net community production (NCP), i.e. 

diurnal metabolism. Their sum then made it possible to calculate the gross primary production 
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(GPP). 

The measurement of CR, NCP and GPP was made possible by using the following formulae: 

 

➢  Respiration rate per hour of the community (CRh; mgO2 m
-2 h-1) 

 

➢  Net production rate per hour of the community (NCPh; mgO2 m
-2 h-1) 

 

➢  Gross primary production rate per hour (GPPh; mgO2 m
-2 h-1) 

 

where DOT1 corresponds to the dissolved oxygen measured in the samples at time T1; DOT2 

to the dissolved oxygen measured at time T2; DOT3 to the dissolved oxygen measured at time 

T3; T is the elapsed interval during sampling and V and area correspond to the volume and 

area of the incubations. 

Once the metabolic rates were calculated in units of oxygen per hour, these were converted to 

units of carbon per day, per hour (considering the 12-hour photoperiod of full light) and per 

density by using the following four predefined formulae widely used in the study of marine 

seagrasses and measuring the dry weight of seagrass bundles within the incubations. 
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3.4.2 Chlorophyll amounts in sediments 

To obtain information on the presence and activity of photosynthetic pigments in the sediment 

of the various aquaria and to better understand the results obtained from carbon metabolism, 

the chlorophylls within the sediment were analysed. Ritchie's (2008) two-day protocol was 

followed for this purpose. Sediment samples were collected one per aquarium at the end of 

the experimental period with the use of a Falcon, which was crawled parallel to the sediment 

by sinking 2 - 3 cm into it. The samples were then frozen at -80°C until the first day of the 

analysis, during which they were thawed with the use of a stove. The protocol was carried out 

on a sediment amount of 0,5 g, so as to be sure to have enough chlorophyll to get a signal but 

at the same time not too much so as not to lose it. The quantity of sediment was taken from a 

Falcon for each aquarium after remixing its contents, so that the depth factor did not affect the 

results. Therefore, after homogenising the samples with a spatula, the amount of sediment 

was weighed using a micro-spoon and placed inside a tube into which 5 mL of 90% acetone 

(C3H6O) was added. After shaking the tubes, they were covered with aluminium foil and 

placed in the dark in a refrigerator for 24 hours. The following day, after centrifuging the 

samples (10000 rpm for 5 minutes), the supernatant was extracted and placed inside cuvettes 

for absorbance measurement on the spectrophotometer for wavelengths 630, 647, 664 and 691 

nm. Finally, the universal equations for estimating each chlorophyll molecule a, b, c, d as 
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g/m3 and total chlorophylls in natural assemblages of photosynthetic organisms listed below 

were applied: 

 

 The following formula was used to convert the results of chlorophyll in the sediment to g/g 

sediment: 

 

 

3.4.3 Organic matter and carbon (OM, OC) in the sediment analysis 

To verify the effect of the treatments on the surface carbon (C) stock and organic matter of 

the sediment, sediment samples were taken from each aquarium at the end of the experiment. 

They were weighed fresh (FW), dried by heating the fresh sample in an oven at 50°C for 24h 

and reweighed to determine their dry weight (DW). This was used to calculate the amount of 

water present in the samples using the following formula:     

H2O (%) = (1-(DW/FW)) x 100 

The measurement of particulate organic matter was obtained from the difference in weight of 

the samples before (DWsample) and after (i.e. content of inorganic matter, DWash) being placed 

in the muffle furnace at 500°C for 4h, time required for organic matter to evaporate. The 

formula generally used to convert this obtained value into a percentage value follows, where 

AFDW stands for ash-free dry weight (inorganic matter):  
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For the study of total carbon (TC) and inorganic carbon (IC) content in percentage, sediment 

samples were sent to INMAR, where colleagues carried out the analysis using the Elemental 

Analyser Flash Series EA 1112 (Thermo Electron Chorp., Germany). Finally, after obtaining 

the results from INMAR, a calculation was carried out to obtain the percentage of organic 

carbon (OC) present in the samples (in this case, two per aquarium), after correcting the value 

of inorganic carbon (%). The two formulae used are the following: 

➢ Correction of IC value:   ICcorrect (%) = (IC% x (DWafter / DWbefore) x 100 

➢ Organic carbon (%):   OC (%) = TC% - ICcorrect (%) 

INMAR also analysed the total and inorganic nitrogen and sulphur content, from which the % 

value of the organic component was subsequently obtained following the same calculations. 

 

3.4.4 Physiological analysis of seagrass 

In order to study the physiological state of the seagrass, the carbohydrate levels (sucrose and 

starch) in the two treatments and in the control were analysed. At the end of the fourth week 

of the experiment, once all aquaria had been drained of water, samples of epigeal and 

hypogeal biomass were taken from each aquaria and placed in the freezer at -80°C. 

Subsequently, carbohydrates were determined following the protocol of Yemm and Willis 

(1954). For the extraction of sugars, two samples of epigeal dry tissue and two of hypogeal 

dry tissue per aquarium (thus 72 in total) were lyophilised, triturated and weighted (~0,05 g). 

Then, 90% ethanol (C2H6O) was added and after several heating cycles at 80°C and 

centrifugation (4000 rpm for 2 minutes), a precipitate and supernatant were obtained, which 

were kept separate in different glass tubes. 

➢ Determination of sucrose: the supernatant was evaporated, and the remaining residue 

was dissolved in water. 0,1 mL of the solution was then extracted from each tube and 

0,25 mL of resorcinol and 0,75 mL of hydrochloric acid (HCl) were added to it. After 

being shaken and heated, the samples were left to cool. Finally, they were transferred 

into microcuvettes for absorbance measurement at 486 nm using a spectrophotometer. 

 

➢ Determination of starch: 3 mL of 0,1 N sodium hydroxide (NaOH) was added to the 

tubes containing the precipitate (pellet) and stored 24 h in the dark at environment 

temperature. The next day, they were vortexed, centrifuged (4000 rpm for 2 minutes) 

and 0,2 mL was extracted from each one, to which 1 mL of anthrone was added. After 

being shaken and heated, the samples were left to cool. Finally, they were transferred 
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into microcuvettes for absorbance measurement at 640 nm using a spectrophotometer. 

For both measurements, three replicates were performed for each tube. Thus, 108 samples of 

the hypogeal part and 108 of the epigeal part were examined for sucrose analysis and the 

same number for starch analysis. In addition, calibration straight lines with known sucrose 

concentrations were constructed for each day on which measurements were taken to 

determine the sugar concentration. Of course, the dilutions were treated exactly like the 

samples, adding the same reagents and following the same preparation procedures. 

 

3.4.5 Biomass variation analysis 

For understanding how the mixture of creams could affect the seagrass biomass, at the end of 

the experiment (25 and 26 May 2023) all aquaria were emptied of water and first of all the C. 

nodosa plants were separated from the macroalgae C. prolifera. At this point, a seedling of C. 

nodosa was randomly selected from each aquarium, and the biometry analysis was performed 

on it. The number of bundles, the number of leaves per bundle and their length, the length of 

the leaf sheath and the thickness of each leaf were measured. In addition, broken and necrotic 

leaves were also counted, and their lengths measured. All measurements were taken using a 

ruler with an accuracy of 0,01 cm. This made it possible to compare the evolution of the 

biomass of C. nodosa between the two treatments after four weeks of exposure to the different 

concentrations of cream and the control, which instead represents the normal state of the 

seagrass in the natural environment from which it was taken. Figure 17 follows as an 

example. 

Figure 17. Left: Control 1; Top right: Low 1; Bottom right: High 1. 
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3.5 Statistical analysis 

All graphs and data presented in this thesis are expressed as mean value  standard deviation 

using Excel software. Significant differences between the different treatments for the 

variables studied were determined by the statistical test of the analysis of variance ANOVA 

with a fixed factor (treatment). This analysis was carried out when the data were normal 

(normality was checked with the Shapiro-Wilk statistical test) and homogeneous 

(homogeneity was checked with the Bartlett's statistical test). When there were significant 

differences, Tukey's post-hoc test was used to identify which of the treatments differed 

significantly through two-by-two comparisons. Otherwise, when the data were not normal 

and/or homogeneous, the non-parametric Kruskal-Wallis test was applied. When the latter test 

showed significant differences between the three groups, a non-parametric post-hoc test, the 

Dunn-Bonferroni test, was applied to identify the groups that showed significant differences. 

The significance level () set in all tests performed was 0,05. The data were processed using 

the programme R-Commander version 4.3.1. All statistical tables can be found in the Annex. 

 

 

4. RESULTS 

 

4.1 Abiotic variables 

The abiotic parameters of the mesocosm in which the experiment was conducted are 

represented by the average values of pH, salinity and temperature measured during the first 

week of the experimental period shown in Table 2 together with the corresponding histogram 

(Figure 18). From the plot, it can be seen that the abiotic variables remained constant 

throughout the measurements, which is evident also from the low values of the standard 

deviations. The values were similar in the three groups despite a slight increase in salinity in 

the treatments compared to the control possibly due to the addition of the cream and a slight 

decrease in temperature in the treatments compared to the control possibly due to keeping the 

chamber door open during the measurements. 

The salinity also remained unchanged during the measurements taken on the fourth week of 

the experiment, with a small increase in the two treatments compared to the control, probably 

for the same reason as stated above (Table 3; Figure 19). Whereas a greater decrease in 

temperature of 4-5°C is noted in these second measurements, probably because the data 

acquisition took place not only with the door open but also in the early morning and late 
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evening, so the temperature outside the chamber with the aquariums had dropped more than 

in the first measurements taken in broad daylight. 

Again, the low values of the standard deviations show homogeneity between the 

measurements. 

 

Treatment pH Salinity (psu) Temperature (ºC) 

Control 8,20 ± 0,09 40,99 ± 0,88 25 ± 0,00 

Low 8,24 ± 0,10 42,60 ± 1,39 23,51 ± 2,58 

High 8,23 ± 0,09 42,13 ± 0,47 23,56 ± 2,50 

Table 2. pH, salinity and temperature values measured in the water column of each treatment during the first 

week of the experiment. All values are expressed as mean ± standard deviation (sd). 

 

 

 
Figure 18. Visualisation by histogram of the values of pH, salinity and temperature in the treatments in the first 

week of the experiment. 

 

 

Treatment Salinity (psu) Temperature (ºC) 

Control 41,83 ± 0,31 19,94 ± 0,30 

Low 42,78 ± 1,17 19,89 ± 0,31 

High 42,5 ± 0,31 20,1 ± 0,24 

Table 3. Salinity and temperature values measured in the water column of each treatment during the fourth week 

of the experiment. All values are expressed as mean ± standard deviation (sd). 
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Figure 19. Visualisation by histogram of the values of salinity and temperature in the treatments in the fourth 

week of the experiment. 

 

 

Regarding nutrients, the concentration of phosphoric acid (PO4), ammonium (NH4), silicon 

dioxide (SiO2), nitrate (NO3) and nitrite (NO2) dissolved in water were analysed. Their 

average values are shown in Table 4, where day 1, 2 and 3 correspond to samplings 

performed on three consecutive days starting from the fourth day of the experiment. The 

nutrient concentration trend over time in the three treatments is shown in the five scatter plots 

below (Figures 20, 21, 22, 23, 24). The one-way Anova statistical test (Tables 11, 14, 18) for 

phosphate shows no significant differences between the three groups over the three days (p-

value day 1 = 0,235; p-value day 2 = 0,641; p-value day 3 = 0,930), and it can be seen from 

Figure 20 that the values in the three groups differ little from each other. This is also the case 

of silica (Figure 24), whose p-values are 0,318; 0,990; 0,241 on days 1, 2 and 3 respectively 

(Tables 11, 14, 18), and it is the most abundant nutrient in the aquaria. Furthermore, the 

stability of the phosphate and silica values is also confirmed by the respective standard 

deviations which are low (Table 4). 

Ammonium, on the other hand, shows significant differences (Kruskal Wallis test) between 

the groups on day 2 (p-value = 0,01) and day 3 (p-value = 0,016), while on day 1 the p-value 

is 0,927 (Tables 11, 14, 18). Using Dunn's test, it is possible to confirm that the significant 

difference concerns the control and high sun cream concentration groups (Tables 15, 19). In 

fact, it can be seen very well from Figure 21 how the values of these two groups differ. The 

greatest significant differences are found for nitrate (p-value day 1 = <<0,05; p-value day 2 = 

0,007; p-value day 3 = <<0,05; Tables 11, 14, 18), particularly between the control and high 
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concentration and between high concentration and low concentration groups (Tables 12, 16, 

21), clearly visible from Figure 22, especially on day 1. Like nitrate is also the nitrite 

situation, with a significant difference between all pairs of the three groups on day 1 (p-value 

= <<0,05; Tables 11, 13), while on days 2 and 3 nitrite is almost completely absent in the two 

treatments and has values close to zero in the control (Tables 4, 17, 20; Figure 23). 

In general, the graphs show that all nutrients in the three groups decreased over time almost to 

exhaustion (except for phosphates and ammonium for control), probably because they were 

absorbed by the seagrass, but also by the epiphytes, bacteria, microflora and maybe other 

vagile fauna present in the aquaria. However, with the change of water every two days, the 

plants were refilled. 

 

 

Treatment Day 
Phosphate 

(µM) 

Ammonium 

(µM) 

Nitrate 

(µM) 

Nitrite 

(µM) 
Silica (µM) 

Control 

1 

0,24 ± 0,04 2,18 ± 0,43 1,77 ± 0,16 0,53 ± 0,04 13,26 ± 2,26 

Low 0,20 ± 0,03 2,34 ± 1,05 1,75 ± 0,14 0,48 ± 0,05 16,28 ± 9,98 

High 0,23 ± 0,04 2,02 ± 0,34 1,26 ± 0,09 0,41 ± 0,01 11,78 ± 0,45 

              

Control 

2 

0,15 ± 0,03 2,28 ± 1,69 0,21 ± 0,04 0,04 ± 0,03 3,03 ± 1,24 

Low 0,14 ± 0,02 0,27 ± 0,3 0,19 ± 0,01 0,00 ± 0,01 3,07 ± 1,60 

High 0,14 ± 0,02 0,04 ± 0,05 0,17 ± 0,01 0,00 ± 0,00 2,97 ± 0,01 

              

Control 

3 

0,15 ± 0,02 0,71 ± 0,54 0,19 ± 0,02 0,01 ± 0,01 1,81 ± 0,47 

Low 0,14 ± 0,02 0,25 ± 0,28 0,17 ± 0,01 0,00 ± 0,01 1,79 ± 0,40 

High 0,15 ± 0,02 0,07 ± 0,06 0,12 ± 0,01 0,00 ± 0,00 3,09 ± 0,01 

Table 4. Average values (µM)  sd of PO4, NH4, NO3, NO2 and SiO2 obtained from water samples from each 

treatment on the fourth (1), fifth (2) and sixth (3) day of the experiment. 
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Figure 20. Change in phosphate (PO4) concentration (M) on the fourth (1), fifth (2) and sixth (3) day of the 

experiment. 

 

 
Figure 21. Change in ammonium (NH4) concentration (M) on the fourth (1), fifth (2) and sixth (3) day of the 

experiment. 

 

 
Figure 22. Change in nitrate (NO3) concentration (M) on the fourth (1), fifth (2) and sixth (3) day of the 

experiment. 
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Figure 23. Chage of nitrite (NO2) concentration (M) on the fourth (1), fifth (2) and sixth (3) day of the 

experiment. 

 

 

 

 
Figure 24. Change in silica (SiO2) concentration (M) on the fourth (1), fifth (2) and sixth (3) day of the 

experiment. 

 

 

 

4.2 Carbon metabolism 

The results concerning the carbon metabolism in the three treatments are shown in Table 5 
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primary production, net production and respiration, given as mmol of carbon per gram of dry 
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Gross primary production is that derived from the photosynthetic processes carried out by the 
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given ecosystem. Seagrasses use part of this energy for the process of cellular respiration, 

which is essentially the reverse function of photosynthesis, in which there is consumption of 

oxygen and production of CO2. While the remaining energy represents the net primary 

production, which is defined as the rate at which new biomass, remaining available, is 

produced within the ecosystem. 

The information that immediately jumps to the eye when looking at the histogram (Figure 25) 

is that the net production in the two treatments has negative values (Low = -0,742 ± 0,371 and 

High = -0,218 ± 0,141) compared to that of the control (Control = 0,913 ± 0,330), suggesting 

heterotrophic community behaviour and confirming the autotrophic nature of seagrasses 

under healthy environmental conditions. This makes it possible to state that the addition of 

sunscreen to the water negatively influences the photosynthesis process of the plant, which 

fails to produce sufficient energy to cover its metabolic and growth needs.  

On the other hand, observing the respiration values, it can be affirmed that this process in the 

two treatments increases in comparison to the control (Control = -2,544 ± 0,236) because the 

values are more negative (Low = -3,527 ± 2,024 and High = -3,080 ± 1,477), which means 

that oxygen consumption is greater in the presence of sunscreens. 

Finally, gross primary production is higher in the control (Control = 3,457 ± 0,426), 

compared to the treatments, which have very similar values (Low = 2,785 ± 1,892 and High = 

2,862 ± 1,400). This means that the plant is producing less chemical energy than it would 

under normal environmental conditions. 

 

 

MEAN 

Treatment 

Gross Primary 

Production  

GPP 

(mmolC*gDW-1*d-1) 

Community Respiration  

CR 

(mmolC*gDW-1*d-1) 

Net Community 

Production  

NCP 

(mmolC*gDW-1*d-1) 

 

 

Control 3,457 ± 0,426 -2,544 ± 0,236 0,913 ± 0,330  

Low  2,785 ± 1,892 -3,527 ± 2,024 -0,742 ± 0,371  

High 2,862 ± 1,400 -3,080 ± 1,477 -0,218 ± 0,141  

Table 5. Mean values (mmolC*gDW-1*d-1)  sd of GPP, CR and NCP obtained from the oxygen concentrations 

(mg/L) of the water of each incubation at times T1, T2 and T3. 
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Figure 25. Effect of sunscreen mix on gross primary production, community respiration and net primary 

production in the three treatments. 

 

 

4.3 Chlorophyll amount in the sediment 

In this ecological context, the measurement of chlorophyll concentration in the sediment was 

also important, providing data to help assess the health of the experimental mesocosm after 

exposure to the sunscreen mix and to monitor primary production. The average values of total 

chlorophylls (a, b, c, d) and of chlorophyll a on ~0,5 g sediment samples collected from the 

three groups are shown in Tables 6 and 7. It is easier to understand these results by looking at 

the histograms below the tables (Figures 26 and 27).  

Although statistical tests show no significant differences in any group (all p-values are greater 
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control. It continues to have higher values than the control (Control = 0,575 ± 0,167) in the 

high concentration treatment (High = 0,692 ± 0,204). 

 

                                                 

            

 

 

Table 6. Mean values (g*m-3) ± sd of total chlorophylls                  Figures 26. Variation in concentration of total  

in the sediment obtained from the sum of the concentration            chlorophylls in the sediment in the three  

of chlorophylls a, b, c, d measured in sediment samples of              treatments obtained from 0,5 g sediment  

0,5 g of the three groups studied.                                                      samples following exposure to sunscreen mix. 

 

 

 

 

 

 

 

 
Table 7. Mean values (g*m-3) ± sd of chlorophyll a in the              Figures 27. Variation in concentration of  

sediment measured in samples of 0,5 g of the three groups             chlorophyll a in the sediment in the three  

studied.                                                                                              treatments obtained from 0,5 g sediment 

                                                                                                           samples following exposure to sunscreen mix. 
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Control 0,812 ± 0,359 
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High 2,398 ± 3,244 

Sample weight ~ 0,5 g 
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Average Choloryll a 
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Control 0,575 ± 0,167 

Low 0,836 ± 0,583 

High 0,692 ± 0,204 
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4.4 Organic matter and organic carbon, nitrogen and sulphur 

At the end of the experiment, the content of organic matter in the sediment was analysed, as 

well as the content of organic carbon, nitrogen and sulphur and the water content in each 

sediment sample from the three treatments was also verified. 

Table 8 shows the values of these variables in %. Despite the fact that the statistical tests do 

not show significant differences between the treatments (all p-values are greater than 0,05; 

Table 23), a direct proportionality trend between the organic carbon content and the 

concentration of the cream mix can be observed from the values shown in Figure 28, in fact as 

one increases, so does the other (Control = 0,355 ± 0,121; Low = 0,449 ± 0,228; High = 0,501 

± 0,260). The same is also true for organic matter content (Control = 1,273 ± 0,611; Low = 

1,766 ± 0,673; High = 3,237 ± 0,730) as can be seen from the pie chart (Figure 29) and for 

organic nitrogen content (Control = 0,031 ± 0,009; Low = 0,038 ± 0,014; High = 0,046 ± 

0,020), although the values are significantly lower (Figure 28). 

Organic sulphur content, on the other hand, is of little relevance, being the quantities very low 

and varying slightly between the three treatments (Control = 0,019 ± 0,010; Low = 0,017 ± 

0,007; High = 0,018 ± 0,010). The amount of water also varies little in the three groups 

(Control = 35,425 ± 6,495; Low = 35,058 ± 5,588; High = 32,233 ± 5,540). 

 

MEAN 

Treatment OC (%) ON (%) OS (%) OM (%) H2O (%) 

Control  0,355 ± 0,121 0,031 ± 0,009 0,019 ± 0,010 1,273 ± 0,611 35,425 ± 6,495 

Low 0,449 ± 0,228 0,038 ± 0,014 0,017 ± 0,007 1,766 ± 0,673 35,058 ± 5,588 

High 0,501 ± 0,260 0,046 ± 0,020 0,018 ± 0,010 3,237 ± 0,730 32,233 ± 5,540 

Table 8. Mean values (%) ± sd of organic carbon (OC), nitrogen (ON), sulphur (OS) and matter (OM) content 

and water (H2O) content in the sediment samples of the three groups studied. 
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Figure 28. Effect of sunscreen mix on the % content of organic carbon (OC),  

organic nitrogen (ON) and organic sulphur (OS) in the three treatments. 

 

 

 
Figure 29. Effect of sunscreen mix on the % organic matter 

 (OM) content in the sediment of the three treatments. 
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in the rhizomes, compared to the other two groups, with values of 321,96 ± 186,68 in the 

leaves and 180,02 ± 129,87 in the rhizomes (Table 9; Figure 30). Thus, in the leaves, sucrose 

has a slight increase from the control, to the low and then to the high cream concentration 

(Figure 32). In rhizomes, sucrose shows a net decrease in the low concentration treatment 

compared to the control, and then has an increase and reaches its maximum value in the high 

concentration treatment (Figure 33). 

On the contrary starch is more abundant in the rhizomes of the two treatments than in their 

leaves, while in the control the pattern is opposite and its values are greater in the leaves than 

in the rhizomes (Figure 31). In the leaves, starch content is higher in the control (132,67 ± 

48,98) than in the two treatments (Figure 31), which have almost identical values (Low = 

117,27 ± 49,6; High = 116,07 ± 66,86). On the contrary, in the rhizomes, starch increases 

significantly in the two treatments (Low = 154,55 ± 33,01; High = 133,08 ± 24,22) compared 

to the control (91,9 ± 57,41), more strongly in the one with a low cream concentration (Figure 

18). In fact, Tukey's statistical test also shows significant differences between the control and 

low concentration (p-value = 0,003) and the control and high concentration (p-value = 0,042) 

groups (Tables 24, 25). 

In general, higher sucrose values are found in Cymodocea nodosa than those of starch 

(Figures 32, 33), although, bearing in mind that carbohydrate analysis is not easy to perform 

and given the high standard deviations, it would be necessary to repeat the test to obtain more 

reliable results. 

 

 

MEAN 

Treatment 
Sucrose in leaves 

(mg*gDW-1) 

Sucrose in rhizomes 

(mg*gDW-1) 

Starch in leaves 

(mg*gDW-1) 

Starch in rhizomes 

(mg*gDW-1) 

Control 323,01 ± 142,11 339,03 ± 285,29 132,67 ± 48,98 91,9 ± 57,41 

Low 321,96 ± 186,68 180,02 ± 129,87 117,27 ± 49,6 154,55 ± 33,01 

High 353,82 ± 185,13 377,65 ± 160,74 116,07 ± 66,86 133,08 ± 24,22 

Table 9. Mean values (mg*gDW-1) ± sd of sucrose and starch content in epigean and hypogean tissues of 

seagrass in the three groups studied. 
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Figure 30. Effect of sunscreen mix on sucrose content in the leaves and rhizomes  

of the three groups studied. 

 

 

 

 

 
Figure 31. Effect of sunscreen mix on starch content in the leaves and rhizomes  

of the three groups studied. 
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Figure 32. Variation of sucrose and starch content in the leaves of the three treatments. 

 

 

 

 

Figure 33. Variation in sucrose and starch content in rhizomes from the three treatments. 
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11,02 ± 1,12). Notably, by Tukey's test, the groups with a significant difference are the 

control and the high concentration treatment with a p-value of 0,013 (Table 27). The 

progressive increase in leaf length also stands out very well from the histogram below (Figure 

34). 

 

 

Treatment 
N°  

Bundles 

N° 

Leaves 

Leaves 

Length (cm) 

Leaves 

Width 

(mm) 

Necrosis 

Length 

(cm) 

N°  

Broken 

Leaves 

Control 3 ± 2,42 3 ± 1,16 8,28 ± 1,27 3 ± 0,51 2 ± 2,10 6 ± 7,87 

Low  3 ± 2,10 3 ± 2,35 9,02 ± 1,86 2 ± 0,51 2 ± 2,34 4 ± 2,79 

High 3 ± 2,23 2 ± 1,12 11,02 ± 1,12 3 ± 0,42 2 ± 1,38 1 ± 1,51 

Table 10. Mean values ± sd of bundles, number of leaves, leaf length (cm) and width (mm), necrosis length (cm) 

and number of broken leaves for biometry analysis in the three groups. 

 

 

 

 

 
Figure 34. Effect of sunscreen mix on leaf length (cm) of seagrass samples in the three treatments. 
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5. DISCUSSION 

As evidenced by previous studies on the possible negative influence of sunscreen on marine 

organisms (Corinaldesi et al., 2018; Molins-Delgado et al., 2018; Danovaro et al., 2008; Liu 

et al., 2019; Gárcia-Márquez et al., 2023; Malea et al., 2019; Mylona et al., 2020), the current 

experiment further confirms the adverse impacts of such substances on aquatic ecosystems, 

particularly on the seagrass C. nodosa. The most eloquent visual evidence of this is found in 

the observation of the 18 aquaria at the end of the experimental period. The seagrass 

communities in the control groups were lush, characterised by a vivid green colour, while the 

walls of the aquaria were clean and transparent, indicating optimal plant health. In contrast, in 

the communities subjected to the two sunscreen treatments, a limited and bare presence of 

seagrasses was observed, with the aquarium walls covered in a green patina, indicating the 

proliferation of microalgae and, consequently, unfavourable environmental conditions for C. 

nodosa. The results also suggest that, in general, as the concentration of sunscreen in the 

water increases, there is a proportional increase in harmful effects on aquatic organisms and 

the ecosystem. 

 

5.1 Effect of sunscreen on Cymodocea nodosa metabolism 

In contrast to the study by Gárcia-Márquez et al., 2023 on the exposure of P. oceanica to 

sunscreen, which affirmed an increase in the gross and net primary production of seagrass 

subjected to the treatment, the results of this experiment show that the C. nodosa community 

had a decrease in autotrophic capacity, found in the control, until it was transformed into a 

heterotrophic community, as the net primary production values were negative in the two 

treatments (Casal-Porras et al., 2024; Jiménez-Ramos, 2017), especially in the one with a low 

concentration of cream. Gross primary production also shows a decrease when C. nodosa is 

subjected to the sun cream treatments. Several reasons, all plausible and perhaps 

complementary, can be given to try to explain the outcome of these analyses. Sunscreen 

contains chemicals, UV filters, that can block or filter sunlight, negatively impacting the 

photosynthesis process (Elmarzugi et al., 2013). By decreasing the amount of light available 

to the plant, net and gross energy yields are lowered. In addition, UV filters (e.g. BP3, 4MBC, 

ZnO, TiO2) can be toxic to seagrass, interfering with its metabolic processes and general 

health to the point of plant cell death (Agawin et al., 2022; Gárcia-Márquez et al., 2023). In 

particular, these substances could damage or destroy chloroplasts, the cell organelles 

responsible for photosynthesis. This could be a further confirmation of what was reported in 
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the study by Malea et al., 2019, in which it was shown that sunscreen components lead, in C. 

nodosa, to a loss of functioning of photosystem II and consequently to a decrease in 

photosynthetic efficiency and an increase in the generation of harmful ROS. Another possible 

hypothesis could involve the physical properties of water. Indeed, ingredients in the cream 

could alter the viscosity of water and/or its ability to transmit light (Puccetti and Fares, 2014). 

These changes affect the seagrass's ability to absorb nutrients or exchange gases with its 

environment through the stomata on its leaves. This limits the uptake of carbon dioxide 

essential for photosynthesis and prevents the proper release of oxygen. Alternatively, 

sunscreen could affect the seagrass's ability to regulate its water balance, causing problems in 

the absorption and transport of water through the plant. This in the long term could lead to a 

collapse of cell structures (Touchette and Burkholder, 2000). 

The heterotrophic behaviour assumed by the community in the two treatments, meaning 

utilizing organic matter and becoming a carbon source instead of a carbon sink (Casal-Porras 

et al., 2024), is further justified by the data obtained on organic matter and organic carbon and 

nitrogen, whose increase in the sediment can also be considered a cause for this change in 

behaviour. In areas with sediments rich in organic matter the plant could respond by 

increasing its uptake of organic nutrients directly from the sediment. However, it remains 

important to consider that the presence of epiphytes (organisms that grow on the surface of 

plant leaves and roots) and the benthic microbiome (such as bacteria and fungi) can also 

influence the trophic behaviour of seagrass. In fact, if epiphytes act as parasites or competitors 

and/or the benthic microbiome establishes symbiotic interactions with the marine plant, the C. 

nodosa community may respond by adapting to an increased intake of organic nutrients from 

the surrounding environment (heterotrophic behaviour) as a means of compensation (Fraser et 

al, 2016). 

Returning to the increase in organic components in aquarium sediments following exposure 

of C. nodosa to the sunscreen mix, this may be indicative of various processes. The most 

likely reason is that sunscreen, containing toxic compounds, influences the rate of seagrass 

decomposition, resulting in an accumulation of organic matter in the sediment and affecting 

not only the biogeochemical carbon cycle, but also the nutrient cycle. Thus, the 

decomposition of excess organic matter by sediment microorganisms can cause an increase in 

the release of nutrients such as carbon and nitrogen, which will then be absorbed and utilised 

by plants, but also by bacteria and other organisms living in the sediment, leading to a change 

in the sediment's chemical composition and a decrease in dissolved oxygen (Holmer and 
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Olsen, 2002). Indeed, aquarium sediments subjected to sunscreen treatments were black in 

colour, a sign that an anoxic condition had been generated. 

Concerning the amount of chlorophyll in the sediment, it is important to remember that in 

ecological and environmental contexts, as in the case of this experiment, this measurement is 

very important because it can provide indications of the health of aquatic ecosystems and 

changes in this parameter can be used as indicators of anthropogenic impacts on the 

environment, such as sunscreen pollution. In this study, the interpretation of the increases in 

total chlorophylls and chlorophyll a demonstrated by the analysis of sediment samples is 

similar to that for organic matter. The addition of the sunscreen may have caused an increase 

in dead leaves, which contain chlorophyll, and these, not only release chlorophyll and 

nutrients that could be utilised by other organisms, but also promote the growth of bacteria 

and algae, such as C. prolifera, which was not considered for the results of this experiment. 

This process could contribute to the phenomenon of eutrophication (Livingston et al., 1998), 

although three weeks is probably not enough time for the leaves to degrade. So, the increase 

in benthic microalgae biomass itself due to the higher presence of nutrients in the sediment 

could be the real cause of the rise in chlorophyll in the sediment. 

The increase in organic matter in the sediment as well as the increase in total chlorophylls and 

chlorophyll a, due to the addition of the cream, also help to explain the significant increase in 

nocturnal respiration of C. nodosa when exposed to the two cream treatments. Indeed, the 

sunscreen could influence the composition of the microflora present in the sediment, altering, 

along with the increase in chlorophyll and organic matter affecting nutrient availability, the 

dynamics of the benthic microbiome associated with seagrass roots, which would increase in 

biomass and consequently this would lead to an increase in respiration. However, it is also 

true that if C. nodosa community switches to a negative net primary production in the two 

cream treatments and thus to a heterotrophic behaviour, as explained above, it is plausible to 

expect an increase in respiration at night as there is the need to compensate for the lack of net 

energy production from photosynthesis (Tovar-Sánchez et al. 2020).  

On the other hand, one might think that the increase in nocturnal respiration of C. nodosa 

communities could also indirectly contribute to the eutrophication phenomenon, as it could 

release more nutrients into the surrounding sediment during the decomposition process of 

organic matter by encouraging the overgrowth of algae and bacteria (Burkholder et al., 2007). 

Furthermore, the increase in organic matter in the sediment can be interpreted, although less 

likely in the case of this experiment, as a consequence of increased respiration. Indeed, during 
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nocturnal respiration seagrass can release organic matter (metabolic waste products, dead 

cells) dissolved in the nearby sediment (Jørgensen et al., 1981). 

 

5.2 Effect of sunscreen on Cymodocea nodosa physiology 

In order to understand the health and physiological response of C. nodosa to the two 

sunscreen treatments, the analysis of carbohydrate content was a valuable tool, as was the 

investigation of changes in biometry, which allowed an assessment of the impact of sunscreen 

on the chemical composition and physical characteristics of the test species. 

As far as sucrose is concerned, the results show that exposure of seagrass to a low 

concentration of cream does not affect the amount of sucrose contained in the leaves to a great 

extent, but when switching to a higher concentration of sunscreen it slightly increases. The 

rise in sucrose could be an adaptive response to sunscreen-induced stress. Plants often 

accumulate sugars such as sucrose to mitigate the negative effects of stress, because sugars 

can act as osmolytes or osmoregulatory molecules, helping to maintain water balance and 

protect cells (Drew, 1978). Moreover, this increase may be related to the loss of the ability to 

carry out photosynthesis described in the previous paragraph, as the accumulation of sugars 

such as sucrose could be the result of an altered balance between carbohydrate production and 

utilisation. 

Whereas the reduction of sucrose in the rhizomes of the group treated with a low 

concentration of sunscreen compared to the control group is difficult to explain. In contrast, 

between the control group and the group treated with a high concentration of sunscreen, an 

increase in the amount of sucrose in the rhizomes is observed, in line with expectations. Since 

the initial hypothesis predicted a gradual rise in sucrose with increasing cream concentration, 

it is necessary to repeat this analysis in order to assess the reliability of the results obtained 

and better understand the dynamics underlying this phenomenon. In addition to the reasons 

described for the increase in sucrose in the leaves, which also apply to its increase in the 

rhizomes, its accumulation in the rhizomes could also indicate a redistribution of energy 

resources. The plant might store more carbohydrates in the rhizomes as a form of energy 

reserve in response to the change in environmental conditions induced by the sunscreen (Pirc, 

1989). 

Regarding the starch results, a divergence in the accumulation patterns between the leaves and 

rhizomes of C. nodosa is evident. While a decreasing trend in starch content in the leaves is 

observed with increasing sunscreen concentration, an increase is observed in the rhizomes, 

https://onlinelibrary.wiley.com/authored-by/J%C3%B8rgensen/Niels+O.+G.
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especially in the case of the low concentration treatment (a trend that would require further 

repetition for more reliable confirmation). Again, the decrease in starch in the leaves suggests 

a possible impairment of the photosynthetic process, confirmed by the carbon metabolism 

data. At the same time, the increase of starch in rhizomes could reflect a metabolic 

remodelling that shifts starch synthesis from leaves to rhizomes in response to new 

environmental conditions (Silva et al., 2013). Furthermore, starch redistribution could be a 

strategy adopted by the plant to allocate energy resources differently (Govers et al., 2015). 

The accumulation of starch in rhizomes could serve as a long-term energy reserve, whereas 

the decrease in leaves could be an immediate response to local energy needs or stress. For 

example, the starch in the leaves may have been consumed by the plant for the growth of the 

leaves, which become progressively longer as the concentration of cream increases. 

Finally, in both cases, the variations in sucrose and starch accumulation in the leaves and 

rhizomes of the plant could indicate a form of internal chemical communication, where 

chemical and molecular signals modulate the synthesis and production of carbohydrates in 

specific parts of the seagrass to coordinate a systemic response to environmental stress caused 

by sunscreen. 

In the biometry analysis, the relevant data focus mainly on leaf length in the three groups. The 

other measured variables show similar data in the three treatments, except for the number of 

broken leaves, which is higher in the control group and decreasing in the two cream-treated 

groups. This trend could be attributed to the fact that, at the end of the experiment, the control 

aquariums had more biomass than those of the two treatments, thus increasing the probability 

of finding broken leaves in them. It is more complicated, however, to find an explanation for 

the increase in average leaf length with the increase in sunscreen concentration that resulted 

from this experiment. These data, in fact, differ from what was found in the study by Mylona 

et al., 2020, which showed a decrease in leaf elongation. In any case, it may be thought that 

the reduction of UV radiation, induced by the UV filters contained in sunscreens, could 

positively influence plant growth, as excessive exposure to such radiation can damage plant 

DNA and cells (Costa et al., 2021; Papathanasiou et al., 2015). However, in this case, also 

taking into account the data obtained from the other analyses, it is more correct to think that 

the increase in leaf length is a defence and/or adaptation response to the side and harmful 

effects that sunscreen has on seagrasses. In fact, it could be a response to a decrease in 

irradiance dictated by the cream as it causes an increase in water turbidity. 
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6. CONCLUSIONS 

Although sunscreen use is an essential and necessary practice to protect the skin from UV 

damage, to preserve cutaneous health and to reduce the risk of long-term problems, such as 

skin damage and skin cancer (Antoniou et al., 2008), it is crucial to consider the 

environmental impacts, especially in the marine environment, that it can cause. Indeed, it is 

now known that sunscreens can have long-range effects on aquatic ecosystems, affecting the 

biodiversity and resilience of marine organisms. These effects could manifest themselves 

through alterations in population dynamics, community composition and the structure of 

marine habitats (Caloni et al., 2021). 

With this in mind, the results obtained from the experiment conducted show significant 

alterations in the physiology and growth of the seagrass C. nodosa, suggesting that the agents 

contained in the sunscreen adversely affected its health. Since the effects of these substances 

on seagrasses may vary depending on the specific composition of the sunscreen together with 

the environmental conditions of the habitat where the plants are found, in order to have a 

more in-depth view and to be able to conduct more specific evaluations on the impacts of 

sunscreen on this particular seagrass species present in the Bay of Cádiz and in the Venice 

Lagoon in Italy (Rismondo et al., 2003), it would be appropriate to extend the experiment by 

integrating analyses related to the chemical composition of the sunscreens used. A further step 

would be to conduct separate tests on the substances of which they are composed, focused on 

the target species. This approach would make it possible to specifically identify which 

components of sunscreens could have more harmful impacts on the studied species. 

Furthermore, in order to obtain more comparable and interpretable results, it would be 

advisable to structure the experiment by introducing sampling series not only at the end, but 

also at the beginning and in the middle of the experimental period. This approach would make 

it possible to assess the effect of the sunscreen not only in comparison with the control group, 

but also with respect to the time course. It would then be of further importance to extend the 

analysis to include the assessment of total biomass, to understand the differences between the 

two treatments compared to the control in their overall impact on the studied species. In any 

case, through this experiment, a space has opened for further scientific knowledge regarding 

this environmental problem. This study laid the foundation for further research, focusing on 

possible cumulative effects over time, which could cause progressive damage in seagrass. An 

example of this could be the accumulation of substances in the sunscreen in the plant tissues, 

causing problems on a cellular and systemic level (Cadena-Aizaga et al., 2022). It is also 
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important to consider that an unhealthy seagrass community is not efficient in using 

atmospheric CO2, in fact it may produce more than it consumes, and it also does not perform 

other ecosystem services for which seagrasses are important. 

Thus, taking into consideration the results obtained, this research emphasises the importance 

of adopting sustainable and responsible approaches in the use of sunscreens in aquatic 

contexts, seeking safer alternatives for the health of marine ecosystems. So, in order to 

mitigate the negative impacts of sunscreens on the environment, it is important to promote the 

use of eco-friendly sunscreens that use sunscreens that are less harmful to marine habitats, 

e.g. that are biodegradable, or to adopt alternatives such as sunscreen clothing. In this regard, 

it is worth mentioning the spin-off “Recover Ingredients” created by researchers at the 

Institute of Science and Technology of Ceramic Materials (Istec) of the CNR in Faenza, Italy, 

which aims to convert by-products of the food industry into high value-added materials for 

the production of innovative natural cosmetics and intelligent fertilisers for agriculture. As far 

as sunscreens are concerned, 'Recover Ingredients' has developed an inorganic biomineral, 

MarineBoost, coral-safe and non-nanometrically extracted from fish bones that can act as a 

sun protection factor (SPF) booster and increase the photo-protective capacities of any 

sunscreen (https://www.issmc.cnr.it/en/service-for-companies/startup-e-spinoff/recover-

ingredients/), also gaining recognition within Mistral (Mediterranean Innovation Strategy for 

transnational activity of clusters and networks of the Blue Growth). 

In conclusion, instead of taking drastic measures such as banning the use of sunscreens in 

specific risk zones, e.g. marine protected areas, which may prove difficult to monitor and 

enforce, a more judicious approach would be more effective. One suggestion would be to ban 

the use of the most polluting substances in sunscreens, while incentivising cosmetic 

companies to develop more environmentally friendly alternatives. Furthermore, providing 

incentives to companies that engage in innovative solutions will help create a competitive 

market for environmentally friendly products. 
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9.    ANNEX 

 

Nutrients Day 1 

Anova 1-way Df MS F p-value 

Phosphate 2 0,0022 0,60 0,235 

Nitrate 2 0,4931 28,98 0,00000705* 

Nitrite 2 0,0244 19,31 0,0000708* 

  

Kruskal Wallis test Df X2 p-value 

Ammonium 2 0,152 0,927 

Silica 2 2,292 0,318 

 

 

Tables 11, 12, 13. Statistical results of the ANOVA, Kruskall Wallis and Tukey analyses examining the effect of 

sunscreen treatments (control, 40mg/L and 80 mg/L) on nutrients concentration in seawater on the fourth day of 

the experiment. Asterisks indicates significant difference (p-value <0,05). 

  

 

Nutrients Day 2 

Anova 1-way Df MS F p-value 

Phosphate 2 0,0003 0,46 0,641 

Silica 2 0,0160 0,01 0,990 

  

Kruskal Wallis test Df X2 p-value 

Ammonium 2 9,255 0,010* 

Nitrate 2 9,930 0,007* 

Nitrite 2 13,361 0,001* 

 

 

 

 

 

 

NO3 

D
a
y
 1

 

Tukey Test 

Group Comparisons  p-value 

H - C <0,001* 

L - C 0,956 

L - H <0,001* 

NO2 
D

a
y
 1

 
Tukey Test 

Group Comparisons  p-value 

H - C <0,001* 

L - C 0,033* 

L - H 0,010* 

NH4 

D
a
y
 2

 

Dunn Test 

Group Comparisons  p-value 

C - H 0,004* 

C - L 0,084 

H - L 0,412 

NO3 

D
a
y
 2

  

Dunn Test 

Group Comparisons  p-value 

C - H 0,003* 

C - L 0,496 

H - L 0,052 
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Tables 14, 15, 16, 17. Statistical results of the ANOVA, Kruskall Wallis and Dunn analyses examining the effect 

of sunscreen treatments (control, 40mg/L and 80 mg/L) on nutrients concentration in seawater on the fifth day of 

the experiment. Asterisks indicates significant difference (p-value <0,05). 

 

 

 

 

 

Nutrients Day 3 

Anova 1-way Df MS F p-value 

Phosphate 2 0,00003 0,07 0,930 

Nitrate 2 0,0065 26,58 0,0000117* 

  

Kruskal Wallis test Df X2 p-value 

Ammonium 2 8,222 0,016* 

Silica 2 2,842 0,241 

Nitrite 2 7,370 0,025* 

 

         

 

 

NO3 

D
a
y
 3

 

Tukey Test 

Group Comparisons  p-value 

H - C <0,001* 

L - C 0,067 

L - H <0,001* 

 
Tables 18, 19, 20, 21. Statistical results of the ANOVA, Kruskall Wallis, Dunn and Tukey analyses examining 

the effect of sunscreen treatments (control, 40mg/L and 80 mg/L) on nutrients concentration in seawater on the 

sixth day of the experiment. Asterisks indicates significant difference (p-value <0,05). 

 

 

NO2 

D
a
y
 2

  

Dunn Test 

Group Comparisons  p-value 

C - H 0,001* 

C - L 0,006* 

H - L 0,934 

NH4 

D
a
y
 3

 

Dunn Test 

Group Comparisons  p-value 

C - H 0,006* 

C - L 0,195 

H - L 0,265 

NO2 

D
a
y
 3

  

Dunn Test 

Group Comparisons  p-value 

C - H 0,01* 

C - L 0,186 

H - L 0,364 
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Chl in sediment (0,5 g) 

Kruskal Wallis test Df MS F p-value 

Total Chl 2 3,303 1,405 0,276 

Chl a  2 0,028 0,995 0,393 

 

Table 22. Statistical results of the Kruskall Wallis analyses examining the effect of sunscreen treatments 

(control, 40mg/L and 80 mg/L) on the concentration of total chlorophylls and chlorophyll a 0,5 g sediment 

samples. 

 

 

 

 

 

Organic components in sediment 

Anova 1-way Df MS F p-value 

Oganic carbon 2 0,033 0,694 0,515 

Ogrganic nitrogen 2 0,0005 3,206 0,08 

Organic sulphur 2 0,000009 0,118 0,89 

H2O 2 18,31 0,528 0,601 

 
Kruskal Wallis test Df X2 p-value 

Organic matter 2 5,298 0,071 

 

Table 23. Statistical results of the ANOVA and Kruskall Wallis analyses examining the effect of sunscreen 

treatments (control, 40mg/L and 80 mg/L) on the organic components (OC, ON, OS, OM, H2O) in the sediment. 

 

 

 

 

 

 

 

 

 

Tables 24, 25. Statistical results of the ANOVA, Kruskall Wallis and Tukey analyses examining the effect of 

sunscreen treatments (control, 40mg/L and 80 mg/L) on the content of carbohydrates, sucrose and starch, in the 

leaves and rhizomes of the C. nodosa communities. Asterisks indicates significant difference (p-value <0,05). 

 

 

 

Carbohydrates 

Anova 1-way Df MS F p-value 

Sucrose in leaves 2 2819 0,235 0,794 

Starch in leaves 2 12 0,004 0,996 

Starch in rhizomes 2 7248 8,17 0,004* 

  

Kruskal Wallis test Df X2 p-value 

Sucrose in rhizomes 2 3,065 0,216 

Starch in rhizomes 

Tukey Test 

Group 

Comparisons  p-value 

H - C 0,042* 

L - C 0,003* 

L - H 0,435 
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Table 26, 27. Statistical results of the ANOVA, Kruskall Wallis and Tukey analyses examining the effect of 

sunscreen treatments (control, 40mg/L and 80 mg/L) on the biometry. Asterisks indicates significant difference 

(p-value <0,05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Biometry 

Anova 1-way Df MS F p-value 

N° bundles 2 0,389 0,077 0,927 

N° leaves 2 1,556 0,558 0,584 

Leaves length 2 12,115 5,74 0,014* 

Leaves width 2 0,062 0,269 0,768 

Necrosis length 2 0,368 0,094 0,911 

  

Kruskal Wallis test Df X2 p-value 

N° broken leaves 2 5,181 0,075 

Leaves length 

Tukey Test 

Group 

Comparisons  p-value 

H - C 0,013* 

L - C 0,653 

L - H 0,074 
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Figure 35. From left to right: Marina Isabel Vilaplana Páez, Rocío Jiménez Ramos, me and Esther Bautista 

Chamizo in the sampling area. 


