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1. Microplastics in the marine environment

Occurence and sources

Plastic is widespread on land and oceans all around the world. On the beach, in rivers, in the water and on the surface of the seas. Marine litter mainly consists of plastics and represents up to 95% of all litter on the beach; some is coming from the sea and others from tourism and decreasing numbers of microplastics (MPs) are found if you go further offshore. Vertical cores can be taken in order to assess changes in the amount of plastics over time on the sea-floor. However, human activities (trawl fishing, dredging, aggregate extraction) can sometimes disrupt the sediment layers and no vertical profiles are observed (which is true for large areas of the North Sea).
Two main sources of MPs in the marine environment are: (i) direct introduction for example through the use of industrial plastic pellets or cosmetics like your toothpaste; and (ii) indirectly from the break-down of larger plastic items, like a plastic bag from a supermarket. Rivers are important transport ways in bringing plastics from land to sea; we think that on land big plastics become smaller faster as a result of sunlight (UV), mechanical forces and higher temperatures. At the moment, we know little on amounts of MPs in rivers, so research is largely based on estimates. A new project has just started that will look at this for four different rivers in Europe looking for the small plastic particles to collect more data from the field. 
Some plastics degrade into smaller fragments quite fast, which means that they produce a lot of small plastic particles during their lifetime in the sea. Microplastics are not stable materials, in the sense that they can degrade. Scallop fishers for example have to replace their nets once every two weeks due to degradation. The weight of the plastic ropes decreases and even though this difference may be small, it can mean a lot of small particles have disappeared into the environment. How fast this happens depends on the type of plastic; things like Styrofoam degrade faster than plastics like PVC.

Microplastics ingestion by marine biota

Research has shown that there is a link between the amount of microplastics, which were mainly fibres, found in an area in Scotland and the langoustines that were sampled there. About 85 percent of all langoustines had fibres in their bodies confirming the marine organisms take up microplastics from their environment directly from the water or the sediment due to food resemblance. The ingestion of microplastics may lead to a wide range of physiological alterations described below.
Association of MP with some marine unicellular algae was demonstrated and this interaction may modify the buoyancy and sedimentation process of microplastics, making them available faster for organisms at the sea floor. The potential retroactive effects of organisms on microplastics dynamics in the marine environment (water column and sediment) needs to be further investigated. 
Methods development and validation
New methods for sampling MPs are being developed all the time. In Ireland a pump underneath a vessel was used to sample microplastics a few meters below the sea surface. The benefit of this method is that a lot of water can be sampled and analysis of how many plastics were found can also be done more easily. Validation of this method is needed. 
Especially for the smallest microplastics, it is difficult to distinguish between organic material and the microplastics. There are techniques available to tell the difference between these materials, like FTIR, which are constantly improved, but still remain costly and time-consuming. This means that precautions must be taken when extrapolating or comparing field data on environmental contamination by microplastics. 
Cooperation with citizens and NGOs 
Microplastics were found in high numbers in the Great Lake area in the USA, which were thought to come mainly from cosmetics because mainly spheres were found. The 5 Gyres organisation would like to involve more citizens in sampling microplastics, also in the marine environment and has launched a new project iGyres to do this. 
A good example of cooperation between science, citizens and an NGO is given by Planete Urgence, who has set up its own training program and protocol to collect MPs. In the Canary Islands a lot of plastics get washed up on the beach, most of these coming from across the oceans. Local initiatives to raise more awareness for this problem are started there, going from a more research centred approach to a community centred approach. Cooperation with citizens and NGOs is important to raise awareness. 
Take home messages:
· It may be difficult to see difference between MPs and organic material or silica and fly-ash, scientists have to be careful in interpretation / communication
· Validation and standardisation of methodologies and protocols are needed to compare data from different areas / research teams
· Degradation of MPs occurs faster or slower, depending on the environment (faster on land, slower in deeper water) and the type of plastics

· Involving local communities and/or citizens can aid in gathering data and raising awareness
· MPs interact with the living environment around them, which could have effects on commercially important species like langoustines. A retroactive effect of organisms on microplastics dynamics can also be observed.
2. Impacts of microplastics on the marine life
Microplastics can be ingested by several marine organisms and lead to deleterious effects. These potential effects of microplastics are evaluated for several key species of different niches and/or different trophic levels, such as zooplankton, marine worms, bivalves, crustacean and fish species. The main question rising from this research topic concerns the fate of the MPs after their ingestion by marine organisms and whether these particles are excreted, bioaccumulated or even translocated depending of the type of plastic (nature, shape, size), the species and the way of exposure. Controlled lab exposures are definitely needed to evaluate these mechanisms and the biological effects of uptake of microplastics by marine life. These assessments will integrate physiological effects such as feeding activity, food adsorption, growth and survival, reproduction and general health, and effect parameters such as biomarkers and histopathology to indicate any damage or disruption to normal functioning. Overall, the question is whether microplastics are a threat to the ecosystem, and possibly human health. 

The levels of microplastics used in the controlled lab exposures is often much higher than the environmental levels as the duration of the experiments is usually quite low (a few weeks). Often, fluorescent microplastics are used in order to enhance the detection of these particles in tissues with histology and fluorescent microscopy. 

Location of microplastics in tissues

Presence of MPs is detected in all the organisms exposed to microplastics, from algae and filter feeders to commercially important fish species. The ingestion of microplastics was also confirmed in situ for marine invertebrates such as the blue mussel and the lugworm living in natural habitats. Microplastics are mainly found in the gut, as demonstrated for bivalves, crustacean and fishes. When shore crabs were experimentally exposed to microplastics through the water, microplastics were also observed in the gills. Translocation of microplastics into the organism was suggested for experiments with shore crabs, mussels and oysters, although the mechanism of translocation remains controversial within the scientific community and is still under debate.  We have to remark that it is difficult to avoid contamination by microplastics during the sampling of specific organs, tissues or fluids and that the researchers are working on this specific aspect. This means that these experiments must be validated to reflect true effects.

Impacts of microplastics

When the marine worm Arenicola marina was exposed to microscopic plastic such as PVC, an effect on the energy level of the organism was observed. This lugworm is important as a food source for birds and fish, and they prefer of course well-fed worms. An effect on the energy levels and malformations after microplastics exposure were also observed for zooplankton. Microplastics are called love-killers for oysters, because they effect the reproduction and gamete quality. Long term exposures with microplastics implicate problems with reproduction and the growth of the larvae. 

Trophic transfer of microplastics

Trophic transfer of microplastics in the food chain has been highlighted for zooplankton food webs for the Stickleback larvae after feeding on plastic contaminated artemia, and also for the shore crabs feeding on mussels with microplastics. This raises the question of the consequences on human health, aquaculture and quality of fisheries products. 

Take home messages:

· Interactions between microplastics and several organisms are demonstrated
· More information on the translocation of microplastics into tissues, organs or fluids of the organism is needed
· The question of translocation remains controversial in the scientific community as problems with microplastic contamination in the lab exposures due to the sampling method have been demonstrated
· Findings from several laboratory experiments implicate possible effects on ecosystem health and possibly human health

3. Microplastics as vectors for biological and chemical contaminants

The presence of small plastic fragments (<1-5mm) called microplastics (MP) deriving from industrial wastes and the breakdown of larger plastics was identified for the first time in the 1970s and is currently recognized as a major threat for the marine environment. 
The MP characteristics (buoyancy, composition) and their relatively large surface area facilitate the leaching of highly toxic plasticizers (Bisphenol-A, nonylphenols, polybromophenols, phthalates, etc.), the adsorption of waterborne pollutants (such as HAP, PCB, DDT) to concentration higher than those found in surrounding waters, and the colonization by micro-organisms. The presence of MPs in the environment may therefore enhance the bioavailability and bioaccumulation of environmental contaminants in marine organisms potentially leading to extreme toxic effects.
Plasticizers

The extensive use of plastics, such as expanded polystyrene (EPS) for construction, packing and aquaculture purposes in Korea, leads to the leachate of toxic additives like the hexabromocyclodecane (HBCD). This toxic compound has been listed as prioritary organic pollutant by the Stockholm convention in 2013 due to its high carcogenicity, mutagenicity and neurtoxicity.  Despite the high quantities of this additive found in the marine environment, studies are lacking to assess its impact on marine fauna.
Waterborne pollutants

Adsorptions of PCBs, POPs (the dirty dozen), emerging POPs (perfluorooctonoic acid, PFOA) and additive on industrial plastic pellets and MPs, notably PE, PS and PVC have been demonstrated in laboratory controlled conditions. Affinity plastic-pollutant are highly polymer and pollutant specific, and desorption rates are dependent of the physic-chemical parameters. Desorption rates are maximal in conditions mimicking the gut, highlighting the role of MP as vectors for organic pollutants and additives. This fast release of PCBs in the digestive track of the shore crab and the Norway lobster was also demonstrated in vivo. Studies dealing with the interactive effects of chemicals and MP often concern small vertebrates (fish) and invertebrates (molluscs) exposed in laboratory conditions. Such studies demonstrate clear modifications of the accumulation and the toxicity of chemicals in the presence of MPs using a range of integrated approaches (transcriptomic analyses, cellular responses, physiological perturbations). 
Field studies using large filter feeders such as whales and basking sharks are developing in the field of MPs and highlight the threat of MPs and associated chemicals for such large organisms worldwide. Additionally whales and large filter feeders could be used as bioindicators of MP contamination in the marine environment. 

Micro-organisms

The formation of biofilms on MP has been demonstrated for a wide variety of microorganisms (algae, bacteria, protozoan) and the role of MP as vectors for pathogenic organisms and invasive species needs to be investigated. The communities living on microplastic debris vary as a function of the location of the particles (offshore vs. coastal) and are distinct from the communities present in seawater and sediment. There is an urgent need to increase the scientific knowledge in this area as almost no data is available to date.
Models development

Overall it is important to note that experimental data and models demonstrating the plastic-facilitated transfer of chemicals to organisms an increased exposure to chemicals by MP are still scarce and discrepancies may persist.  Some models tend to demonstrate that plastic ingestion is either relevant or irrelevant for direct exposure of chemicals depending on the species, the trophic regime and the chemicals residing in the ingested plastics. More refined studies and models using in vivo exposure of contaminated plastics to a range of marine organisms with contrasting feeding strategies and/or physiological conditions are definitely needed to clarify this question.
Take home messages:

· Extensive use and discharge of plastics in the marine environment lead to the leachate of toxic plasticizers 
· Adsorption / desorption rates of waterborne pollutant onto microplastics are pollutant and polymer dependant. 
· Microplastics may modify the bioavailability, the bioaccumulation and the toxicity of waterborne pollutants in marine organisms
· As microplastics constitute a suitable substrate for micro-organisms colonization, the transport of pathogen organisms and invasive species via MPs is suggested and more research is needed in this area.
· Discrepancies remain between existing data and models must be developed to address the plastic transfer of biological and chemical contaminants to marine organisms. 
