

[image: image1]
Ecotoxicological Investigation in Three Model Species Exposed to Elutriates of Marine Sediments Inoculated With Bioplastics












	 
	ORIGINAL RESEARCH
published: 17 April 2020
doi: 10.3389/fmars.2020.00229





[image: image]

Ecotoxicological Investigation in Three Model Species Exposed to Elutriates of Marine Sediments Inoculated With Bioplastics

Tommaso Campani1, Silvia Casini1*, Ilaria Caliani1, Carlo Pretti2,3 and Maria Cristina Fossi1

1Department of Earth, Environmental and Physical Sciences, University of Siena, Siena, Italy

2Department of Veterinary Science, University of Pisa, Pisa, Italy

3Interuniversity Consortium for Marine Biology and Applied Ecology “G. Bacci”, Livorno, Italy

Edited by:
Patrick Reis-Santos, University of Adelaide, Australia

Reviewed by:
Chiara Gambardella, Italian National Research Council, Italy
Maria Violetta Brundo, University of Catania, Italy

*Correspondence: Silvia Casini, Silvia.casini@unisi.it

Specialty section: This article was submitted to Marine Pollution, a section of the journal Frontiers in Marine Science

Received: 27 January 2020
Accepted: 25 March 2020
Published: 17 April 2020

Citation: Campani T, Casini S, Caliani I, Pretti C and Fossi MC (2020) Ecotoxicological Investigation in Three Model Species Exposed to Elutriates of Marine Sediments Inoculated With Bioplastics. Front. Mar. Sci. 7:229. doi: 10.3389/fmars.2020.00229

The aim of this study was to evaluate a set of ecotoxicity biotests on three marine model species exposed to elutriates of marine sediments inoculated with the biodegradable plastic Mater-Bi or with cellulose. The sediments were incubated at 28°C and tested after 6 months, when clear signs of degradation were visible in the exposed samples, and after 12 months, when the samples had completely disappeared. The model organisms selected for the study were the unicellular algae Dunaliella tertiolecta, the sea urchin (Paracentrotus lividus) and sea bass (Dicentrarchus labrax) juveniles. The unicellular algae and sea urchins were used to determine the toxicological endpoint of growth inhibition and embryotoxicity, respectively, and the sea bass juveniles were tested to evaluate sublethal effect endpoints using lipid peroxidation and genotoxicity biomarkers. Elutriates of sediment inoculated with Mater-Bi for 6 and 12 months showed an absence of toxic effects in all of the model organisms exposed in this study. The Mater-Bi degradation process did not generate or transfer into the elutriates toxic substances that could cause alterations in the growth of D. tertiolecta, in the P. lividus embryo-toxicity assay or in the sensitive biomarker responses of the fish D. labrax. The tested species are considered to be representatives of different levels of the marine trophic chain. The results obtained in this study suggest that the ecotoxicological approach applied may be suitable for investigating the environmental impact of the degradation of bioplastics in marine sediments.
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INTRODUCTION

Biodegradable plastics are mainly used in the packaging sector, for carrier bags, tableware, and similar products (e.g., waste bags, coffee pods). Biodegradable packaging and products are designed to be collected together with bio-waste (kitchen, food, garden waste) and recovered as compost for soil fertilization by means of organic recycling (e.g., composting). Biodegradable plastics are also used in products for agriculture (e.g., mulch films for weed control), where biodegradation takes place directly in the soil after use. The use of bio-based and biodegradable (bioplastic) polymers has been proposed as a possible solution to the increasing problem of plastic waste, as substitutes for non-biodegradable polymers when other forms of recovery are not feasible. Suitability for composting and biodegradability in soil are determined with multi-tier testing schemes and acceptability criteria defined by international standards (EN, 2000, 2018).

The next frontier in the characterization of biodegradable plastics is the behavior in marine environments, following the growing concern about the pollution of water bodies with non-biodegradable plastics.

The awareness of the global problem of plastics in the seas and oceans has been growing since the first discovery of large aggregations of floating plastic debris (which cover an area as large as central Europe) in the North Pacific Ocean (Moore et al., 2001; Moore, 2003), in the North Atlantic Ocean (Law et al., 2010) and in enclosed and semi-enclosed seas, such as the Mediterranean (Colton et al., 1974; Barnes et al., 2009; Browne et al., 2010).

Tosin et al. (2012) developed three test methods to characterize the degradation of plastic in marine environments. Recently, Eich et al. (2015) investigated the early formation of biofilms on plastic shopping bags and its effects on the degradation of the plastic. Pauli et al. (2017) analyzed the marine fouling communities on plastic, studying the composition of their macroscopic community, their primary production and the degradation of polymer. In the study they compared conventional polyethylene and a biodegradable starch-based plastic blend, in coastal benthic and pelagic habitats in the Mediterranean Sea.

Considering biodegradability as a solution to littering is mistaken, because natural environments cannot deal with irresponsible littering even of fully biodegradable products. However, biodegradable materials could be used in specific applications where traditional non-biodegradable plastics are used with a high risk of littering. For example, aquaculture facilities could disperse non-biodegradable plastic gear in the sea, and replacing it with biodegradable materials could have a mitigating effect.

As mentioned above, biodegradation can now be measured thanks to the development of specific test methods developed and standardized by the ISO (ISO, 2016, 2017) and the ASTM (ASTM, 2015). However, to evaluate the ecotoxic impact of substances that may be released into the surrounding environment during biodegradation, an additional level of testing is necessary. Even if the release of ecotoxic substances is unlikely, considering the very high mineralization threshold levels required by the testing schemes applied for biodegradable plastics, the absence of negative effects is required by all the testing protocols developed, as an additional form of reassurance.

In order to detect ecotoxicity effects, all the testing protocols developed require that the plastic material be exposed to a very high dose of the matrix of interest (e.g., compost, soil, or seawater/marine sediments) and be left to biodegrade. After a selected time, ecotoxicity biotests are applied to the exposed matrix, as well as to a control sample that has not been exposed to the plastic material, and to a control sample that has been exposed to a GRAS (Generally Recognized As Safe) substance, such as cellulose. Absence of statistically significant difference between exposed and control matrices must be found (Sforzini et al., 2016).

In this contest, the main aim of this study was to evaluate a set of ecotoxicity biotests on three marine model species (that belong to different trophic levels) that have been exposed to elutriates of marine sediments inoculated with bioplastics. The product chosen for the testing was a commercially produced bag made with a biodegradable material produced by Novamont S.p.A. (Italy).

The model organisms selected for the study were the unicellular algae Dunaliella tertiolecta, the sea urchin (Paracentrotus lividus) and sea bass (Dicentrarchus labrax) juveniles. The unicellular alga e and sea urchins were used to determine the toxicological endpoint of growth inhibition and embryotoxicity, respectively, and the sea bass juveniles were tested to evaluate sublethal effect endpoints using lipid peroxidation (LPO) and genotoxicity biomarkers.

Since microalgae are positioned at the lower levels of trophic webs, the inhibition of growth bioassays is commonly used in ecotoxicity test batteries, because of the ecological relevance of these organisms (Prata et al., 2019). However, limited literature on the effects of plastic leachates on microalgae is available (Prata et al., 2019). Sea urchins are a useful indicator species for environmental contamination due to the fact that their gametes and larval stages are very sensitive to various classes of contaminants in complex environmental matrices, such as estuarine/marine waters and sediments (Pagano et al., 1993; Kobayashi and Okamura, 2005; Novelli et al., 2006; Rodríguez-Romero et al., 2016) including trace elements (Fernández and Beiras, 2001; Xu et al., 2011; Manzo et al., 2013) and plastic debris (Martínez-Gómez et al., 2017; Botterell et al., 2019).

The evaluation of toxicological effects associated with the presence of plastic can be made in bioindicator organisms, such as fish, using biomarkers. In this study we selected a biomarker of oxidative stress (LPO) and a biomarker of genotoxic effects (ENA assay).

Marine organisms are commonly exposed to various environmental stressors and oxidative stress is a crucial part of the stress response (Vinagre et al., 2012). Oxidative stress may be defined as a disturbed balance between the production of reactive oxygen species (ROS) and an organism’s ability to deal with them (Halliwell and Gutteridge, 2015). Increased reactive species production or reduced antioxidant defense can damage lipid components, proteins and DNA. Some ROS can start the self-propagating process of LPO, in which a peroxyl radical is formed when a ROS reacts sufficiently to a hydrogen atom from an intact lipid (Halliwell and Gutteridge, 2015). The reaction of ROS with lipids is one of the prevalent mechanisms of cell damage (Halliwell and Gutteridge, 2015). Progressive damage of biomolecules triggers an inflammatory response, cell and tissue damage, and induces degenerative changes, which can result in cell senescence and death, organ dysfunction and loss of, or reduced organism performance (Costantini, 2014). We selected this biomarker, as some studies have reported that the exposure of marine fish and invertebrates to non-biodegradable plastic resulted in oxidative stress (Paul-Pont et al., 2016; Alomar et al., 2017), and the subsequent induction of LPO (Avio et al., 2015; Barboza et al., 2018) and genotoxic damage (Avio et al., 2015; Martins et al., 2016).

Several techniques have been designed to detect the genotoxic damage caused by a wide range of substances. The technique most used to determine chromosomal clastogenesis, by analyzing nuclear aberrations, is the micronucleus test (MN) in mammalian cells. MN assay was extended to non-mammalian organisms that have nucleated erythrocytes, leading to the development of the erythrocytic nuclear abnormality (ENA) test (Bolognesi and Cirillo, 2014; Çavaş and Ergene-Gözükara, 2005). Avio et al. (2015) reported a statistically significant increase in the frequency of micronuclei, and number of nuclear anomalies in mussels (Mytilus galloprovincialis) that had been treated with microplastics of polystyrene and polyethylene.



MATERIALS AND METHODS


Test Material

The test material was compostable produce bags that are commercially available in the Italian market for selecting and bagging fruit and vegetables. These bags were made of the Mater-Bi grade HF03V1, a biodegradable and compostable plastic material produced by Novamont S.p.A. This plastic material can be recovered by organic recycling, i.e., it is biodegradable and disintegrable under composting conditions, in accordance with the European standard EN (2000). The plastic material is made of starch, biodegradable polyesters and a natural plasticizer.

The bags were powdered by a process of cryogenic grinding, with liquid nitrogen. Pieces of the film (40 mm × 40 mm) were used to monitor the progress of the physical deterioration (disintegration).



Reference Material

The reference material was pure microcrystalline cellulose (Merck), in powder form.

Pieces of cellulose filter paper (40 mm × 40 mm) (Whatman n.42) were also used to monitor the progress of the physical deterioration (disintegration).



Inoculum

The inoculum was a sandy sediment sampled at Punta Ala (Grosseto, Italy). The sediment was selected for its low content of heavy metals and polycyclic aromatic hydrocarbons.



Exposure of Materials to Inoculum

The sediment was filtered using a coarse/fast filter paper to eliminate excess seawater. The wet sediment thus prepared had a pH of 8.27, a water content of 20.74% and volatile solids of 1.70%. Samples (2500 g each) of wet sediment were placed in six reactors i.e., glass tanks of 2.6-litre capacity (22 cm in diameter). Test and reference materials were supplemented in the form of particles to the reactors as indicated in Table 1. The sediments and the particles were carefully blended, using a spatula, to obtain a homogeneous layer in the reactor. Samples of Mater-Bi films and of cellulose filter paper were also buried in the sediment of each reactor, in order to monitor the physical deterioration of the sample, i.e., disintegration.


TABLE 1. Test set-up: sediment elutriates after 6 months (R1 = control, R3 = biodegradable plastics, R5 = cellulose) and after 12 months (R2 = control, R4 biodegradable plastics, R6 = cellulose).

[image: Table 1]The reactors were then closed with a lid with two holes to ensure gas exchange, and incubated in the dark at 28 ± 2°C. Periodically the reactors/crystallizers were weighed and, if necessary, the initial masses were restored using distilled water.

A salt solution (0.2 g/Kg KH2PO4; 0.1g/Kg MgSO4; 0.6 g/Kg NaNO3; 0.6 g/Kg NH4Cl) and 2 g/Kg of CH3COONa were added to each reactor after 3 months of incubation and 2 g/Kg of Nutrient Broth after 7 months, in order to provide the isolated mesocosm with potentially missing nutrients and reduce the duration of the experiment.

After 6 and 12 months, one replica for each treatment was analyzed in ecotoxicity tests.



Elutriate Preparation

Elutriates were obtained by diluting each marine sediments, including the native sediment (R0), with synthetic marine water (Figure 1). A volume of three liters of filtered synthetic marine water was added to 1 Kg of sediments (dry weight) in a five-liter glass jar (dilution 1:4 w/v). The samples were stirred for 60 m and allowed to settle for 24 h at 4°C. The resulting liquid phase was filtered to obtain a clear solution. The seven types of elutriates obtained were analyzed applying a set of bioassays to algae, crustaceans and fish.
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FIGURE 1. Experimental plan and toxicity tests.




Algae and Crustacean Bioassay


Assay of the Inhibition of D. tertiolecta Growth

The inhibition of the growth of D. tertiolecta was evaluated in accordance with the protocol described in ISO (2016) procedures, with slight modifications. The D. tertiolecta strain CCAP 19/27 was purchased from the reference center CCAP (Culture Collection of Algae and Protozoa—Scottish Association for Marine Science/SAMS Research Services Ltd). The D. tertiolecta was cultured in an F/2 medium [artificial seawater (ASW) supplemented with a salt mix, a trace element mix, and a vitamin mix, in accordance with (Guillard et al., 1975)]. Late logarithmic phase algae were inoculated in 25 mL of fresh medium (50 mL conical flasks) to an initial concentration of 104 cells/mL and were grown at 20 ± 2°C, under cool white fluorescent continuous light of 7000 l×, with slow shaking for 72 h. The experiments were carried out in triplicate. The F/2 medium acted as a control. The eluates were tested at eluate maximum concentration (100%, no dilution, three replicates); where samples differed significantly from controls by more than 20% (Dunnett’s test), a full test was performed. Potassium dichromate was used as the reference toxicant. The endpoint was the inhibition of growth (no. of cells/ml) at the end of 72 h. The cells were counted using a Scepter 2.0 Handheld Automated Cell Counter (Millipore Corporation, Billerica, MA, United States).



P. lividus Embryo-Toxicity Assay

Adult P. lividus individuals were collected from MPA Secche della Meloria (Livorno, Italy). The embryo toxicity test was carried out following the EPA method (Chapman et al., 1995). The spawning of eggs and sperm was induced in the sea urchins by injecting 1 mL of 0.5 M KCl through the perioral membrane. The eggs were collected by placing each spawning female separately in a different 250 mL beaker with ASW, and “dry” sperm was collected from each male using an automatic pipette and stored in a sterile tube placed on ice. After a quality check of the gametes, three male and three female gametes were pooled and filtered through nylon plankton mesh (∅ = 200 μm for eggs and 50 μm for sperm). The egg suspension (stock solution) was diluted, to obtain the final concentration of 250–300 eggs/mL. Fertilization was carried out by adding 1 mL of pooled-sperm (1:1000 in ASW), to the egg suspension and by incubating it at 18°C for 20 min. A volume of the egg suspension corresponding to 250–300 fertilized eggs was treated with 10 mL of test solution, starting with the whole eluate and then another four 1:1 serial dilutions (three replicates/dilution). The eggs were then incubated at 18°C, for 48 h. After this period, 100 μl of 40% buffered formalin was added to each vessel and the developmental abnormalities were determined in each replicate by directly observing 100 randomly chosen individuals. Copper nitrate was used as a reference toxicant. For each treatment scheduled, 100 plutei were scored for the frequencies of normal larvae, according to their symmetry, shape, and size and malformed/unformed larvae, following EPA guidelines (Chapman et al., 1995); the sample scores were corrected for control response using Abbott’s formula.



Dicentrarchus Labrax Sub Lethal End Points


Experimental Design

Sea bass juveniles of about 10 cm in length and 6 g in weight were exposed to five different sediment elutriates obtained from reactor contents after 6 and 12 months of degradation (Table 2). Each experimental tank contained 10 fish, which were exposed to 25% v/v of elutriate, and 1 control tank contained synthetic seawater. The fish were fed every 7 days with commercial, certified chemical residue-free fish food, and kept under natural photoperiod.


TABLE 2. Disintegration of test and reference material after 6 and 12 months. Visual observations.

[image: Table 2]After 2 weeks the animals were sacrificed and a drop of blood was smeared on a glass slide to measure the ENA assay. The gills were sampled and stored in liquid nitrogen for LPO analysis.

The experiment was carried out in accordance with Directive 2010/63/EU on the protection of animals used for scientific purposes.



Erythrocytic Nuclear Abnormalities Assay

Two blood smears per sample were prepared. The slides obtained were fixed in methanol or ethanol for 10 min, and then stained with Giemsa (5%) for 30 min. The erythrocytic nuclear abnormalities (ENA) were scored in 1000 mature erythrocytes per sample, in accordance with the procedures of Maier and Schmid (1976); Carrasco et al. (1990) and Smith (1990), adapted by Pacheco and Santos (1997). In accordance with these authors, the nuclear lesions were scored into one of the following categories: micronuclei, lobed nuclei, segmented nuclei and kidney-shaped nuclei. The results were expressed as the ENA frequency, the mean value (‰) of each abnormality and the sum of all the lesions observed.



Lipid Peroxidation

The LPO was determined in the gills, following the procedure of Ohkawa et al. (1979) and Bird and Draper (1984). A total of 10 μl of 4% butylated hydroxytoluene (BHT) in methanol were added to and mixed homogeneously with 150 μl of plasma. Then, 1 ml of 12% trichloroacetic acid (TCA) in aqueous solution, 0.75 ml of Tris–HCl (60 mM, pH 7.4 and 0.1 mM DTPA) and 1 ml of 0.73% 2-thiobarbituric acid (TBA) were added to 100 μl of the mixture and mixed well. The mixture was incubated at 100°C for 1 h and then cooled on ice. Then, each sample was centrifuged at 13,400 g, for 5 min. The absorbance of the supernatant was measured at 535 nm in a spectrophotometer (Agilent Cary UV 60) and the rate of LPO expressed as nmol of thiobarbituric acid reactive substances (TBARS) formed/mg protein (ε = 1.56 × 105 M−1 cm−1).



RESULTS AND DISCUSSION


Bioplastic Biodegradation

The biodegradable plastics were incubated with the sediments for one year. The biodegradation process was indirectly monitored following the level of disintegration of film samples (test material) and a paper filter (reference material) buried in the sediment. After 6 months a reactor in each series (R1, R3, R5) was discontinued, the film/paper samples were withdrawn and the degree of disintegration was qualitatively assessed. The sediments were subjected to extraction and the elutriates were tested for ecotoxicity. The remaining reactors were incubated for another 6 months. After 12 months the film/paper samples had completely disappeared, indicating the biodegradation process had further advanced. The remaining sediments (R2,R4, R6) were extracted and the elutriates were tested. The disintegration levels are shown in Figure 2 and Table 2.
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FIGURE 2. Degradation levels after 6 and 12 months.




Inhibition of D. tertiolecta Growth

All tested elutriates showed an absence of effects, such as the inhibition of D. tertiolecta growth (Table 3). It could be hypothesized either that the compounds resulting from the degradation of the Mater-Bi and cellulose were not harmful to D. tertiolecta, or that they were not sufficiently concentrated in the elutriate. There are no published studies concerning exposure of microalgae to elutriates of sediment inoculated with plastics to compare with. A study by Sjollema et al. (2016), investigated the effects of polystyrene particles on microalgal photosynthesis and growth: microalgal growth was negatively affected by uncharged polystyrene particles at high concentrations, with effects increasing with decreasing particle size.


TABLE 3. Algal growth inhibition test on D. tertiolecta with different sediment elutriates zero-time (R0), after 6 months (R1 = control, R3 = biodegradable plastics, R5 = cellulose, control) and after 12 months (R2 = control, R4 biodegradable plastics, R6 = cellulose).

[image: Table 3]


P. lividus Embryo-Toxicity Assay

As shown in Table 4, the time-zero control sediment elutriate showed EC50 values of 45.8%. After six months’ incubation, R3 elutriates (Mater-Bi) showed EC50 of 95.4%, which was substantially higher than the 6 month control and the 6 month cellulose. The Mater-Bi EC50 further increased after 12 months of experiments (EC50 > 100). A similar trend was found for the no effect concentrations EC10 and EC20. In fact, elutriates of Mater-Bi showed very low/absent P. lividus embryo-toxicity, which was lower than the controls and the cellulose. There are no studies in the literature that could allow a comparison with the data obtained in this research.


TABLE 4. P. lividus embryo-toxicity test: Physicochemical parameters of eluates and corresponding EC10, EC20 and EC50 values (C.L. 95%: confidence limit set at 95%).

[image: Table 4]


Biomarkers in D. labrax


Lipid Peroxidation

Figure 3 shows the results of the LPO test carried out on the gills of D. labrax specimens exposed to the different sediment elutriates. The data does not show any statistically significant difference between the various groups (Mann-Whitney U, p < 0.05). The studies carried out by Barboza et al. (2018), which exposed specimens of D. labrax to persistent microplastics, Oliveira et al. (2013), which exposed Pomatoschistus microps to persistent microplastics and pyrene, Alomar et al. (2017), which exposed Mullus surmuletus to persistent microplastics, and Avio et al. (2015), which exposed Mytilus galloprovincialis to persistent microplastics, showed an induction of LPO levels in all treatments, with respect to controls. As there are no studies in the literature that refer to fish exposure to elutriates of sediment inoculated with plastics, the above-mentioned papers are the only ones available for comparison with the present work. Our data does not show any LPO alteration in the treatments with respect to control groups, and in general, the mean values of the byproducts of TBARS are extremely low when compared to the above-mentioned studies. Also, by comparing our data with that published by Cotou et al. (2012) in which the authors exposed specimens of D. labrax to an antifouling agent, obtaining mean TBARS values of 100 nmol mg−1, it is clear that the values found in our study should be considered low. The values recorded for each experimental group in the present study are in line with the control values reported by a study carried out by Duarte et al. (2018) on D. labrax from natural estuary areas.


[image: image]

FIGURE 3. Lipid peroxidation (median, 25–75%, min–max) in D. labrax exposed to sediment eluates at time zero (R0), after 6 months (R1 = control, R3 = biodegradable plastics, R5 = cellulose) and after 12 months (R2 = control, R4 = biodegradable plastics, R6 = cellulose).




Genotoxicity: Erythrocytic Nuclear Abnormalities

The results of the ENA assay performed on mature erythrocytes of D. labrax exposed to the different elutriates are shown in Figures 4, 5. None of the groups tested differed from the controls in terms of the percentage of mature erythrocytes with nuclear abnormalities (Figure 4). Kidney and lobed nuclei were the most common ENA (Figure 5). Overall, the frequency of intact mature erythrocytes exhibiting nuclear abnormalities of any type ranged between 1.6% (R4) and 13% (highest scores in R3). There were no micronuclei (MN), which are extra-nuclear bodies that contain damaged chromosome fragments and/or whole chromosomes that are not incorporated into the nucleus after cell division (Fenech, 2011; Luzhna et al., 2013) in any of the treatments, except for R1, in which the frequency was 0.2 ‰.


[image: image]

FIGURE 4. Total erythrocytic nuclear abnormalities (median, 25–75%, min–max) in D. labrax exposed to sediment eluates at time zero (R0), after 6 months (R1 = control, R3 = biodegradable plastics, R5 = cellulose) and after 12 months (R2 = control, R4 = biodegradable plastics, R6 = cellulose).



[image: image]

FIGURE 5. Frequency of erythrocytes with lobed nuclei, micronuclei, kidney shaped nuclei, and segmented nuclei found in D. labrax exposed to the sediment eluates at time zero (R0), after 6 months (R1 = control, R3 = biodegradable plastics, R5 = cellulose) and after 12 months (R2 = control, R4 = biodegradable plastics, R6 = cellulose).


The micronucleus frequencies obtained in this study were lower than the values found in sea bass specimens exposed to nanoparticles of TiO2 and CdCl2 in a study by Nigro et al. (2015), and were in line with the values reported as controls in the same work. Moreover the total nuclear abnormalities and the micronucleus frequencies were lower than in the work of Avio et al. (2015), which shows higher values of nuclear abnormalities in all treatments than in the control, with statistically significant differences in mussels exposed to microplastics and microplastics+pyrene.

A study by Caliani (2009) on sea bass sampled in a reference area in Liguria (Lavagna) and in the port of La Spezia, showed average values of total ENA ranging from 30 to 70‰, which were much higher than those found in this study. The lowest values were found in samples from the area in front of the town of Lavagna, and the highest values were found in the port of La Spezia, following dredging of the port.



CONCLUSION

Elutriates of marine sediment exposed for 6 and 12 months to Mater-Bi fragments at a 1% (dry weight/wet weight) content showed the absence of the toxic effects examined in all of the model organisms exposed in this study, in both an absolute sense, and after comparison with the controls and with elutriates from sediments exposed to cellulose. The Mater-Bi degradation process did not generate and transfer into the elutriates toxic substances that could cause alterations in the growth of D. tertiolecta, in the P. lividus embryo-toxicity assay, or, in particular, in the sensitive biomarker responses (LPO and ENA assay) in the fish D. labrax. The tested species are considered to be representatives of different levels of the marine trophic chain.

The results obtained in this study suggest that the exposure phase of sediments to plastics and the preparation of elutriates are suitable for the preparation of samples for the investigation of the environmental impact of bioplastic degradation in marine sediments. In particular, we confirm the suitability of the use of a detailed ecotoxicological multi-endpoint protocol for bioplastic degradation in marine sediments, the evaluation of toxicological test in three different trophic level organisms, using acute and chronic endpoints and the use of biomarkers to evaluate the sublethal effects. Further studies will be needed in order to confirm whether this approach is suitable for a standardized testing scheme to be routinely used for the assessment of biodegradable materials.
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