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Abstract
We report the presence of 'plasticrusts' and 'pyroplastic' from coastal habitats in Giglio
island, Tyrrhenian Sea, Italy. These novel plastic debris types have only recently been
described for the first time from Madeira island (NE Atlantic Ocean) and the United
Kingdom, respectively. While 'plasticrusts' are generated by sea waves smashing plastic
debris against intertidal rocks, 'pyroplastic' derives from (un)deliberately burnt plastic waste.
Using Fourier-transform infrared (FTIR) spectroscopy, we identified the 'plasticrust' material
as polyethylene (PE) and the 'pyroplastic' material as polyethylene terephthalate (PET).
These polymers are widely used in everyday products and, therefore, contribute heavily to
plastic pollution in aquatic and terrestrial environments worldwide. Furthermore, our field
surveys suggest that 'plasticrust' abundance is related to wave-exposure and that the
'pyroplastic' derived from beverage bottles which we frequently found along the Giglio
coast. Overall, our findings corroborate the notion that 'plasticrusts' and 'pyroplastic' are
common debris types in marine coastal habitats.
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Introduction
Plastic materials have become part of everyday life and are appreciated for their high
durability in single-use items such as beverage bottles, food packaging and shopping bags.
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However, mismanaged plastic debris is rapidly accumulating in marine (Andrady 2011),
freshwater (Wang et al. 2017, Akindele et al. 2019) and terrestrial ecosystems (Scheurer and
Bigalke 2018, Panebianco et al. 2019) and can even be found in the most remote locations
such as the deep sea (Woodall et al. 2014) and the arctic (Bergmann et al. 2019, Kanhai et al.
2019). Due to the omnipresence and persistence of plastic materials, the term 'Plasticene'
has been introduced (Reed 2015). In marine ecosystems, plastic debris has been detected
since the 1970s (Carpenter et al. 1972, Carpenter and Smith 1972). To date, most studies on
marine plastic pollution examined pelagic environments (e.g. Chambault et al. 2018,
Campanale et al. 2019). In contrast, there has been surprisingly little research on plastic
debris in rocky intertidal habitats. This is remarkable since marine plastic debris is regularly
washed ashore and can easily be fragmented when crashed against intertidal rocks by sea
waves (Gestoso et al. 2019). Recently, plastic debris encrusting the Madeira island (NE
Atlantic Ocean) rocky intertidal has been termed 'plasticrusts' and described as a new type
of marine plastic debris that may harm invertebrates grazing on intertidal rocks. Moreover,
observations suggest that 'plasticrusts' can persist over years and that 'plasticrust'
abundance may increase over time (Gestoso et al. 2019). Another novel type of plastic
debris is 'pyroplastic' which has been reported from beaches in the SW United Kingdom
recently (Turner et al. 2019). 'Pyroplastics' have a stone-like appearance and contain
encapsulated plastic debris. Such 'pyroplastics' are formed when plastic waste is burnt and
cooled down which creates grayish agglomerates with encapsulated plastic material that
may leach toxic substances. Due to their appearance, 'pyroplastics' are difficult to distinguish
from natural rocks (Turner et al. 2019). However, to consider novel plastic debris types in
marine conservation policy (Gestoso et al. 2019) it is necessary to investigate whether
'plasticrusts' and 'pyroplastics' occur on other coasts as well. Since plastic pollution in the
Tyrrhenian Sea (European Mediterranean) is relatively high (Campanale et al. 2019), we
examined for the first time the occurrence of 'plasticrusts' and 'pyroplastics' on Tyrrhenian
Sea coasts.

Materials and Methods
Studied coasts
On 19 October 2019, we found blue crusts on mid intertidal rocks that directly faced the
open sea in a wave-exposed rocky intertidal habitat (42.3555, 10.8670) of the Franco
Promontory in western Giglio island, Tuscan Archipelago, Tyrrhenian Sea, Italy. Along this
coast, the rocky substrate consists of limestone (Bavestrello et al. 2000). On the same day,
we detected a grayish stone-like agglomerate with blue inclusions on a wave-sheltered
sandy beach (42.3652, 10.8747) near the Campese resort in Giglio. Using Fourier-transform
infrared spectroscopy (FTIR), we later verified these crusts and the agglomerate as
'plasticrusts' and 'pyroplastic', respectively (see below). While the rocky intertidal habitat is
barely accessible to the public, the sandy beach is frequently used for recreational activities
including fishing, diving, boating and campfires. From 18 to 20 October 2019, we also
surveyed rocky intertidal habitats located in three wave-sheltered bays (Campese Bay East:
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42.3657, 10.8747; Campese Bay West: 42.3700, 10.8813; Allume Bay: 42.3528, 10.8802) in
Giglio for 'plasticrust' occurrence and plastic debris.
Field and lab work
To measure 'plasticrust' density in the rocky intertidal, we haphazardly deployed four
quadrats (10 cm x 10 cm) where 'plasticrusts' were present. We took pictures of the
quadrats to determine 'plasticrust' area and percent cover in GIMP 2.10 software. Using a
knife, we carefully removed 'plasticrust' pieces and determined 'plasticrust' piece thickness
with a digital microscope (VHX-2000, Keyence, Osaka, Japan). We measured 'pyroplastic' size
with digital calipers. Using a scalpel, we cut small chips out of the 'pyroplastic'. We kept
'plasticrust' pieces and 'pyroplastic' chips for subsequent FTIR analyses.
Fourier-transform infrared spectroscopy (FTIR)
We identified the 'plasticrust' and the 'pyroplastic' polymer types through FTIR (Vertex 70,
Bruker, Ettlingen, Germany). We conducted our FTIR measurements in attenuated total
reflectance (ATR) mode in a wavenumber range between 4000 and 370 cm−1 with 8 coadded scans and a spectral resolution of 4 cm−1. Then, we compared the obtained spectra
with the Bruker spectral library using Opus 7.5 software. A hit quality > 700 hits was set as
threshold for polymer identification (Bergmann et al. 2017).

Results
'Plasticrust' (Fig. 1 A-C) density was 3.25 ± 1.65 'plasticrusts'/dm2 (mean ± SE; n = 4
quadrats). 'Plasticrust' area was 0.46 ± 0.08 mm2 (n = 13 'plasticrusts'). 'Plasticrust' cover was
0.02 ± 0.01 % (n = 4 quadrats). 'Plasticrust' thickness ranged between 0.5 and 0.7 mm. FTIR
analyses revealed the 'plasticrust' material as polyethylene (PE, Fig. 1 D). We did not detect
any other crusts in Campese Bay East, Campese Bay West and Allume Bay.
'Pyroplastic' (Fig. 2 A) size was approximately 2 cm x 1.4 cm x 0.5 cm (length x width x
height). FTIR analyses showed that the 'pyroplastic' material was polyethylene terephthalate
(PET, Fig. 2 B). On the sandy beach, we detected burnt charcoal near the ‘pyroplastic’.
Finally, we found several blue PET bottles (Fig. 2 C & D) in each surveyed location.
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Fig. 1. A-C) Blue 'plasticrusts' found in Giglio. D) The corresponding FTIR spectrum that
revealed polyethylene (PE) as the 'plasticrust' material. The red spectrum resulted from the
FTIR measurement and the blue spectrum is from the Bruker spectral library.

Fig. 2 A) The 'pyroplastic' with a blue inclusion (see insertion) detected in Giglio. B) The
corresponding FTIR spectrum that reveals polyethylene terephthalate (PET) as the
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'pyroplastic' material. C) A blue beverage bottle found in Giglio. D) The FTIR spectrum that
reveals PET as the beverage bottle material. The red spectra resulted from the FTIR
measurements and the blue spectra are from the Bruker spectral library.

Discussion
Our 'plasticrusts' results from Giglio island, Tyrrhenian Sea, resembled recent 'plasticrust'
findings from Madeira island, NE Atlantic Ocean, regarding 'plasticrust' color (white and
blue), thickness (0.77 ± 0.10 mm, mean ± SE) and material (Polyethylene, PE; Gestoso et al.
2019). Although our plastic debris survey did not detect any blue PE items in Giglio, it is not
surprising that the 'plasticrust' consisted of PE since this polymer is one of the most
frequently used plastics worldwide (Kalogerakis et al. 2017) and, consequentially, PE
pollution is common along NE Atlantic (Lots et al. 2017) and Tyrrhenian coastlines (Avio et al.
2017, Baini et al. 2018, Caldwell et al. 2019) including Madeira (Lots et al. 2017) and Giglio
(Avio et al. 2017), respectively.
'Plasticrusts' are generated by sea waves smashing plastic debris against rugose rocks
(Gestoso et al. 2019). Interestingly, 'plasticrust' abundance was much higher in Madeira
(9.46 ± 1.77 % cover, mean ± SE; Gestoso et al. 2019) than in Giglio (0.02 ± 0.01 % cover) on
rocks of similar rugosity (Gestoso et al. 2019, Fig. 1 A-C). Floating plastic debris is common
off Madeira (Chambault et al. 2018) and Giglio (Campanale et al. 2019). However, while
Madeira is an isolated off-shore island exposed to open Atlantic waves, Giglio is a nearshore
island that is relatively wave-sheltered among larger nearby islands (Elba, Corsica and
Sardinia) and the Italian mainland. Moreover, wind speed and wave height are typically
higher in the NE Atlantic Ocean than in the Tyrrhenian Sea (Gazeau et al. 2004) suggesting
that differences in wave exposure between Madeira and Giglio may actually cause the
detected difference in 'plasticrust' abundance between the two islands. This notion is
supported by the fact that we did not detect any other 'plasticrusts' during our survey of
rocky intertidal habitats in the three wave-sheltered bays (Campese Bay West, Campese Bay
East, Allume Bay) in Giglio. Finally, while the Madeira 'plasticrusts' were spread across the
mid to upper intertidal (Gestoso et al. 2019), the Giglio 'plasticrusts' where limited to a
relatively narrow strip along the mid intertidal (Fig. 1 A). Since the maximum tidal amplitude
in Madeira (ca. 2.6 m; Cacabelos et al. 2019) is much wider than in the Tyrrhenian Sea (ca.
0.45 m; Cutroneo et al. 2017), this observation suggests that tidal amplitude may influence
'plasticrust' spread. Thus, we conclude that 'plasticrust' abundance may depend on the local
levels of nearshore plastic debris, wave exposure and tidal amplitude. We propose that this
conclusion could be examined, for instance, by combining environmental modelling and
coastal surveys to predict and verify 'plasticrust' abundance in order to deepen the
understanding for 'plasticrust' generation.
Microplastic (particles < 5 mm, Andrady 2011) can enter food webs via consumption by
invertebrates, such as snails (Gutow et al. 2016) and crabs (Watts et al. 2014, Brennecke et
al. 2015), and can harm the affected organisms (Watts et al. 2015, Brennecke et al. 2015).
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For instance, as microplastic is readily ingested by grazing snails (Gutow et al. 2016, Ehlers et
al. 2019, Panebianco et al. 2019), it has been suggested that 'plasticrusts' may be consumed
by co-occurring intertidal snails (Tectarius striatus) in Madeira (Gestoso et al. 2019). Along
the Tyrrhenian Sea coast, limpets (Patella aspera, Patella rustica) and topshells (Phorcus
turbinatus) are common snails grazing on low intertidal and shallow subtidal rocks (Heller
2015, Sousa et al. 2018). In Giglio, we found these snails on rocks ca. 0.5 m below the
'plasticrusts' suggesting that they may not contact the 'plasticrusts'. However, we frequently
observed marbled rock crabs (Pachygrapsus marmoratus) at the 'plasticrust' elevation.
These common omnivorous crabs consume algae and invertebrates (Cannicci et al. 2002,
Fratini et al. 2013) and may, therefore, represent a potential microplastic pathway into the
Tyrrhenian food web.
The 'pyroplastic' from Giglio visually resembles those reported from beaches in the SW
United Kingdom (UK; Turner et al. 2019) regarding its stone-like appearance, size, grayish
color and blue inclusions (Fig. 2 A). However, in contrast to UK 'pyroplastics', the Giglio
'pyroplastic' did not consist of PE or polypropylene (PP) but of polyethylene terephthalate
(PET) which is a typical beverage bottle material (Oberbeckmann et al. 2016). Interestingly,
we frequently found blue PET bottles in Giglio and also witnessed burnt charcoal on the
beach where we detected the 'pyroplastic'. These observations suggest that the detected
'pyroplastic' may have resulted from a PET bottle that melted during a campfire.
Alternatively, the 'pyroplastic' may have resulted from a waste incineration fire since we
frequently noticed the strong smell of melting plastic from nearby fires on private properties
at several occasions during our daytime field surveys.
Upon detecting 'plasticrusts' in Madeira, Gestoso et al. (2019) recommended that this new
plastic debris type may be included in marine conservation policy and mentioned the need
to document 'plasticrusts' on other coasts. Similarly, Turner et al. (2019) stressed that
information on the distribution of 'pyroplastics' is lacking and that 'pyroplastics' should be
reported from regions worldwide. Our 'plasticrust' and 'pyroplastic' findings in Giglio show
that these novel plastic debris types are not local phenomena. Furthermore, 'plasticrusts'
and 'pyroplastics' may harm invertebrates through microplastic ingestion and toxic
substance release, respectively (Gestoso et al. 2019, Turner et al. 2019). Therefore, we
recommend that risk assessment studies should document the distribution and abundance
of these novel plastic debris types and examine the ecotoxicity of these potentially
hazardous materials in order to decide upon 'plasticrust' and 'pyroplastics' inclusion in
marine conservation policy.

Acknowledgments
We thank Jochen HE Koop (Department of Animal Ecology, Federal Institute of Hydrology,
Koblenz, Germany) for letting us use the Fourier-transform infrared spectrometer (FTIR) for

6

bioRxiv preprint first posted online Nov. 12, 2019; doi: http://dx.doi.org/10.1101/837484. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

polymer type identification. This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Competing Interests Statement
The authors have no competing interests to declare.

References
Akindele EO, Ehlers SM, Koop JHE (2019) First empirical study of freshwater microplastics in
West Africa using gastropods from Nigeria as bioindicators. Limnologica 78: 125708. Doi:
10.1016/j.limno.2019.125708
Andrady AL (2011) Microplastics in the marine environment. Marine Pollution Bulletin 62(8):
1596-1605. Doi: 10.1016/j.marpolbul.2011.05.030
Avio CG, Cardelli LR, Gorbi S, Pellegrini D, Regoli F (2017) Microplastics pollution after the
removal of the Costa Concordia wreck: first evidences from a biomonitoring case study.
Environmental Pollution 227: 207-214. Doi: 10.1016/j.envpol.2017.04.066
Baini M, Fossi MC, Galli M, Caliani I, Campani T, Finoia MG, Panti C (2018) Abundance and
characterization of microplastics in the coastal waters of Tuscany (Italy): the application of
the MSFD monitoring protocol in the Mediterranean Sea. Marine Pollution Bulletin 133: 543552. Doi: 10.1016/j.marpolbul.2018.06.016
Bavestrello G, Bianchi CN, Calcinai B, Cattaneo-Vietti R, Cerrano C, Morri C, Puce S, Sarà M
(2000) Bio-mineralogy as a structuring factor for marine epibenthic communities. Marine
Ecology Progress Series 193:241-249. Doi:10.3354/meps193241
Bergmann M, Mützel S, Primpke S, Tekman MB, Trachsel J, Gerdts G (2019) White and
wonderful? Microplastics prevail in snow from the Alps to the Arctic. Science Advances 5, no.
8, eaax1157. Doi: 10.1126/sciadv.aax1157
Bergmann M, Wirzberger V, Krumpen T, Lorenz C, Primpke S, Tekman MB, Gerdts G (2017)
High Quantities of Microplastic in Arctic Deep-Sea Sediments from the HAUSGARTEN
Observatory. Environmental Science and Technology 51(19): 11000-11010. Doi:
10.1021/acs.est.7b03331
Brennecke D, Ferreira EC, Costa TMM, Appel D, da Gama BAP, Lenz M (2015) Ingested
microplastic (> 100 μm) are translocated to organs of the tropical fiddler crab Uca rapax.
Marine Pollution Bulletin 96(1-2): 491-495. Doi: 10.1016/j.marpolbul.2015.05.001
Cacabelos E, Gestoso I, Ramalhosa P, Riera L, Neto AI, Canning-Clode J (2019) Intertidal
assemblages across boulders and rocky platforms: a multi-scaled approach in a subtropical
island. Marine Biodiversity. Doi: 10.1007/s12526-019-01000-7
7

bioRxiv preprint first posted online Nov. 12, 2019; doi: http://dx.doi.org/10.1101/837484. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

Caldwell J, Petri-Fink A, Rothen-Rutishauser B, Lehner R (2019) Assessing meso- and
microplastic pollution in the Ligurian and Tyrrhenian Seas. Marine Pollution Bulletin 149:
110572. Doi: 10.1016/j.marpolbul.2019.110572
Campanale C, Suaria G, Bagnuolo G, Baini M, de Rysky E, Ballini M, Aliani S, Fossi MC,
Uricchio VF (2019) Visual observations of floating macro litter around Italy (Mediterranean
Sea). Mediterranean Marine Science 20(2): 271-281. Doi: 10.12681/mms.19054
Cannicci S, Gomei M, Boddi B, Vannini M (2002) Feeding habits and natural diet of the
intertidal crab Pachygrapsus marmoratus: opportunistic browser or selective feeder?
Estuarine, Coastal and Shelf Science 54(6): 983-1001. Doi: 10.1006/ecss.2001.0869
Carpenter EJ, Anderson SJ, Harvey GR, Miklas HP, Peck BB (1972) Polystyrene spherules in
coastal waters. Science 178: 749-750. Doi: 10.1126/science.178.4062.749
Carpenter EJ, Smith KL Jr. (1972) Plastics on the Sargasso Sea surface. Science 175: 12401241. Doi: 10.1126/science.175.4027.1240
Chambault P, Vandeperre F, Machete M, Lagoa JC, Pham CK (2018) Distribution and
composition of floating macro litter off the Azores archipelago and Madeira (NE Atlantic)
using opportunistic surveys. Marine Environmental Research 141: 225-232. Doi:
10.1016/j.marenvres.2018.09.015
Cutroneo L, Ferretti G, Scafidi D, Ardizzone GD, Vagge G, Capello M (2017) Current
observations from a looking down vertical V-ADCP: interactions with winds and tides? The
case of Giglio island (Tyrrhenian Sea, Italy). Oceanologia 59: 139-152.
Ehlers SM, Maxein J, Koop JHE (2019) Low-cost microplastic visualization in feeding
experiments using an ultraviolet light emitting flashlight. Ecological Research (in press)
Fratini S, Ragionieri L, Cutuli G, Vannini M, Cannicci S (2013) Pattern of genetic isolation in
the crab Pachygrapsus marmoratus within the Tuscan Archipelago (Mediterranean Sea).
Marine Ecology Progress Series 478: 173-183. Doi: 10.3354/meps10247
Gazeau F, Smith SV, Gentili B, Frankignoulle M & Gattuso JP (2004) The European coastal
zone: characterization and first assessment of ecosystem metabolism. Estuarine, Coastal and
Shelf Science 60: 673-694. Doi: 10.1016/j.ecss.2004.03.007
Gestoso I, Cacabelos E, Ramalhosa P, Canning-Clode J (2019) Plasticrusts: A new potential
threat in the Anthropocene’s rocky shores. Science of the Total Environment 687: 413-415.
Doi: 10.1016/j.scitotenv.2019.06.123
Gutow L, Eckerlebe A, Giménez L, Saborowski R (2016) Experimental evaluation of seaweeds
as a vector for microplastics into marine food webs. Environmental Science and Technology
50(2): 915-923. Doi: 10.1021/acs.est.5b02431
Heller J (2015) Sea Snails. A Natural History. Springer International Publishing, Cham,
Switzerland. Doi: 10.1007/978-3-319-15452-7
Kalogerakis N, Karkanorachaki K, Kalogerakis GC, Triantafyllidi EI, Gotsis AD, Partsinevelos P,
Fava F (2017) Microplastics generation: onset of fragmentation of Polyethylene films in
8

bioRxiv preprint first posted online Nov. 12, 2019; doi: http://dx.doi.org/10.1101/837484. The copyright holder for this preprint
(which was not peer-reviewed) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.
All rights reserved. No reuse allowed without permission.

marine environment mesocosms. Frontiers in Marine Science 4:84. Doi:
10.3389/fmars.2017.00084
Kanhai LDK, Johansson C, Frias JPGL, Gardfeldt K, Thompson RC, O’Connor I (2019) Deep sea
sediments of the Arctic Central Basin: a potential sink for microplastics. Deep Sea Research
Part I: Oceanographic Research Papers 145: 137-142. Doi: 10.1016/j.dsr.2019.03.003
Lots FAE, Behrens P, Vijver M G, Horton AA, Bosker T (2017) A large-scale investigation of
microplastic contamination: abundance and characteristics of microplastics in European
beach sediment. Marine Pollution Bulletin 123: 219-226. Doi:
10.1016/j.marpolbul.2017.08.057
Oberbeckmann S, Osborn AM, Duhaime MB (2016) Microbes on a bottle: substrate, season
and geography influence community composition of microbes colonizing marine plastic
debris. PLoS ONE 11(8): e0159289. Doi: 10.1371/journal.pone.0159289
Panebianco A, Nalbone L, Giarratana F, Ziino G (2019) First discoveries of microplastics in
terrestrial snails. Food Control 106: 106722. Doi: 10.1016/j.foodcont.2019.106722
Reed C (2015) Plastic age: how it’s reshaping rocks, oceans and life. New Scientist 28.
Scheurer M, Bigalke M (2018) Microplastics in Swiss floodplain soils. Environmental Science
and Technology 52(6): 3591-3598. Doi: 10.1021/acs.est.7b06003
Sousa R, Delgado J, González JA, Freitas M, Henriques P (2018) Marine snails of the genus
Phorcus: biology and ecology of sentinel species for human impacts on the rocky shores. Pp
141 – 167 in Ray S (editor) (2018) Biological Resources of Water. Doi:
105772/intechopen.69758
Turner A, Wallerstein C, Arnold R, Webb D (2019) Marine pollution from pyroplastics.
Science of the Total Environment 694: 133610. Doi: 10.1016/j.scitotenv.2019.133610
Wang W, Ndungu AW, Li Z, Wang J (2017) Microplastics pollution in inland freshwaters of
China: a case study in urban surface waters of Wuhan, China. Science of the Total
Environment 575: 1369-1374. Doi: 10.1016/j.scitotenv.2016.09.213
Watts AJR, Lewis C, Goodhead RM, Beckett SJ, Moger J, Tyler CR, Galloway TS (2014) Uptake
and retention of microplastics by the shore crab Carcinus maenas. Environmental Science
and Technology 48(15): 8823-8830. Doi: 10.1021/es501090e
Watts AJR, Urbina MA, Corr S, Lewis C, Galloway TS (2015) Ingestion of plastic microfibers by
the crab Carcinus maenas and its effects on food consumption and energy balance.
Environmental Science and Technology 49(24): 14597-14604. Doi: 10.1021/acs.est.5b04026
Woodall LC, Sanchez-Vidal A, Canals M, Paterson GLJ, Coppock R, Sleight V, Calafat A, Rogers
AD, Narayanaswamy BE, Thompson RC (2014) The deep sea is a major sink for microplastic
debris. Royal Society Open Science 1, 140317. Doi: 10.1098/rsos.140317

9

