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1. Introduction 
 

Ifremer and CNRS, with the help of QMUL, Labocea and PML partners, have 
focused their efforts on the characterization of the toxicity of microplastics, 
mainly for those whose reduction of entry into the environment is problematic. 
This choice is based on the fact that more than 92% of plastic waste at sea are 
microplastics smaller than 5 mm1, that the small micrometric sizes are most 
easily ingested by marine organisms, and finally, that a number of measures and 
regulations on macro-waste are underway or coming at the French national level 
(e.g. anti-waste law for a circular economy), European (e.g. directive on single-
use plastics) and international (e.g. international agreement called Paris Plus to 
limit plastic pollution currently being negotiated) giving hope for a significant 
reduction in the coming years of macroplastic waste arriving in the terrestrial 
and aquatic environments and therefore suggesting that the effort should be 
focused on microplastics.  

Among microplastics, an IUCN report shows that microplastics arriving in 
environments at micrometer size (so-called primary microplastics) are very 
present in proportion along European coasts (Figure 1 from Bouchez and Friot, 
20172); in the range of these small microplastics that can be ingested by the 
primary consumers along the food chain (including shellfish), the two most 
present, and therefore of concern, on European coasts are synthetic fibers (35%) 
and tire wear particles (28%), to which may be added locally other uses of rubber 
such as the elastic nets used to attach oyster bags. It is important to know that 
0.2 to 0.7 million tons of tire particles related to road traffic would end up in the 
oceans every year, while about 2 million tons of textile microfibers would be 
discarded every year from domestic washing, textile industries, as well as from 
fishing nets and ropes. 

 

 
1 Eriksen et al (2014) https://doi.org/10.1371/journal.pone.0111913  

2 Boucher & Friot (2017) https://portals.iucn.org/library/sites/library/files/documents/2017-002-
En.pdf 

https://doi.org/10.1371/journal.pone.0111913
https://portals.iucn.org/library/sites/library/files/documents/2017-002-En.pdf
https://portals.iucn.org/library/sites/library/files/documents/2017-002-En.pdf
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Figure 1. Global plastic discharges to the world ocean (from Bouchez & Friot, 20172). 

Data from micro-waste monitoring undertaken in PPP in the Iroise Sea and in the 
bay of Brest confirm a high proportion of microfibers at some points in the bay, 
reaching 70% of floating microplastics >335µm collected closest to the outlets of 
wastewater treatment plants. As for tires, collection data from the OFB-PNBI 
partner show levels of tire pollution in ports that can reach 1.5 kg per cubic meter 
of sea water. 

Microplastic impact measurements related to these sources identified on our 
coasts, have been experimentally examined on a marine bivalve mollusk by 
biological tests on sensitive early planktonic phases (gametes, embryos, larvae) 
and on young adults. The model marine bivalve targeted in this work is the 
cupped oyster. It is an emblematic species of the Breton coasts of major 
ecological (biodiversity refuge as an engineer species3), economic and food 
interests. 

According to the scientific literature, the starting point is that microplastics can 
cause changes in the physiology of the animal that ingested them, by their 
physical presence in the digestive tract, but also by the release of chemical 
molecules such as additives, plasticizers added to plastics from their conception. 

 

 
3  https://www.encyclopedie-environnement.org/vivant/huîtres-meconnus-milieux-cotiers/ 

https://www.encyclopedie-environnement.org/vivant/huitres-meconnus-milieux-cotiers/
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2. Impacts of rubber including tires 

 
We therefore first studied the chemical toxicity of 3 types of rubber gears, 
automobile tires, granules from the recycling of tires for synthetic sports fields, 
and elastic nets for oyster farming. To study only their chemical effects, 
fragments of these 3 types of rubber gears, new or used, were soaked in 
seawater at final concentrations of 0, 0.1, 1 and 10 g/L for two weeks to allow the 
release of chemical molecules contained on the surface or in the plastic into the 
sea water (so called "leaching"). The recovered water was then put in beakers 
with young oyster life stages, specifically targeting the critical stages of 
fertilization (gametes) and embryo-larval development. Gametes, embryos and 
larvae are cells or groups of cells that are free in the sea water since the 
fertilization of the cupped oyster is external. 

Globally, the new forms of the tested gears presented the highest toxicity, 
potentially due to the higher content of additives compared to the used gears 
whose additives may have already been released into the environment during 
their previous use. Thus, all three types of gears in their new form emitted 
chemical compounds that reduced the embryonic developmental success of 
oysters4. The strongest effects were observed during exposures to chemical 
compounds released by the new elastic nets (toxicity observed as early as 1g/L 
for elastic nets vs. 10g/L for tires) (Figure 2). The latter also decreased the survival 
of oyster spermatozoa, thus reducing fertilization success. It should be noted 
that chemical determinations of the leachates revealed the presence and 
significant concentrations (greater than µg/L) of chemical substances such as 
pyrene, phenanthrene, fluoranthene and benzo(ghi)perylene. Even if additional 
analyses must be carried out in order to evaluate the environmental risk, as a 
precaution and anticipation, this study suggests that processes (e.g., 
marinization of new oyster elastic nets), and the development of eco-materials, 
could be beneficial for aquaculture farming and more broadly for the 
environment. 

 
4 Tallec et al (2022a) https://doi.org/10.1016/j.jhazmat.2021.127883 

https://doi.org/10.1016/j.jhazmat.2021.127883
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Figure 2. Graphical abstract of the results of the experiment that evaluated the developmental 
impacts of chemical molecules released by 3 types of new and used rubbers on young oyster life 
stages (from Tallec et al 2022a)4. 

 

Other laboratory studies have consisted in evaluating the impacts of chemical 
molecules released only by a mixture of new and used tires on 8 months-old 
oysters (Tallec et al., 2022b5). This work was carried out using an ecophysiological 
approach6: trying to understand the response of an animal to the constraints of 
its environment constitutes a scientific discipline called "Ecophysiology". To 
measure the response of a marine bivalve, a device called "ecophysiological 
bench" was built in the laboratory. It allows recording in an automated way and 
at high frequency, parameters of the environment of the oyster as for example 
the concentrations of food (microalgae) or dissolved oxygen. These parameters 
are then used to estimate the main biological functions of the individual oyster 
such as respiration (which reflects energy expenditure) and food intake (which 
reflects energy intake). This ecophysiology bench is composed of 9 identical 0.5-
liter chambers, in which seawater circulates continuously at a constant rate, to 
which a mixture of microalgae is added to feed the oysters. Each chamber 
contains a single individual, with the exception of an empty chamber that serves 
as a control (Figure 3). The main parameters of the seawater, such as 
temperature, fluorescence, dissolved oxygen, salinity, pH, are measured in real 
time at the outlet of each chamber thanks to a set of sensors; everything being 

 
5 Tallec et al (2022b) https://doi.org/10.1016/j.marpolbul.2022.113936  

6 https://fr.preventingplasticpollution.com/impacts-ecologiques-la-reponse-de-lhuître-a-la-
presence-de-microparticules-de-
plastiques/?_gl=1*1r7ly6s*_ga*MTIxNTg4Nzc3My4xNjcyOTI1NzA4*_up*MQ.. 

https://doi.org/10.1016/j.marpolbul.2022.113936
https://fr.preventingplasticpollution.com/impacts-ecologiques-la-reponse-de-lhuitre-a-la-presence-de-microparticules-de-plastiques/?_gl=1*1r7ly6s*_ga*MTIxNTg4Nzc3My4xNjcyOTI1NzA4*_up*MQ
https://fr.preventingplasticpollution.com/impacts-ecologiques-la-reponse-de-lhuitre-a-la-presence-de-microparticules-de-plastiques/?_gl=1*1r7ly6s*_ga*MTIxNTg4Nzc3My4xNjcyOTI1NzA4*_up*MQ
https://fr.preventingplasticpollution.com/impacts-ecologiques-la-reponse-de-lhuitre-a-la-presence-de-microparticules-de-plastiques/?_gl=1*1r7ly6s*_ga*MTIxNTg4Nzc3My4xNjcyOTI1NzA4*_up*MQ
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controlled by a man-machine interface that allows visualization and high 
frequency data acquisition (Figure 4). The results show that in response to 
chemical contaminants released into the seawater by pieces of tire, 8-month-old 
oysters reduced their food intake by about half and their respiration by 16% 
(Figure 5). Based on these results, the calculation of an index called "Scope for 
growth", which provides information on the energetic state of the animal, 
suggests a disruption of the animal's energy balance by more than half 
compared to unexposed control oysters. This balance determines the energy 
that the animal can invest in its growth and reproduction functions. 

 

Figure 3. Picture of the ecophysiological apparatus where are visible the sensors and the man-
machine interface (left), two peristaltic pumps (in the center) allowing the circulation of sea water 
at a constant flow rate in the chambers each containing an oyster (right). Copyright L. 
Boismorand/Ifremer. 
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Figure 4. Kevin Tallec takes a sample of seawater at the outlet of a chamber of the 
ecophysiological apparatus (see figure 3), after the passage of this water on the sensors connected 
to machine. It includes a set of 9 valves and electronic cards, as well as a man-machine interface, 
which allows the recording, the storage and the visualization in real time of the measured data. 
Copyright S. Lesbats/Ifremer. 

 

Figure 5. Graphical abstract of the results of increasing concentrations of tire leachate exposed to 
juvenile oysters in an ecophysiological apparatus (from Tallec et al 2022b5). 

The obtained results lead us to study the long-term effects of the chemicals 
released by the tires on the oyster, and in particular those that will affect the 
growth and reproduction performances, possibly harmful to the species. 
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This was done in a third two-year experiment evaluating the effect of recycled 
tire micro-fragments and their chemical releases on oyster reproduction and 
offspring. First, one-year-old oysters were exposed in the laboratory (Figure 6) 
for 8 weeks during the production and maturation of gametes essential for 
reproduction, to several treatments: tire particles with an average size of 176µm 
+/- 68µm (in the oyster's ingestion range) at very low concentrations for a 
chronic exposure (10 and 100 tire particles per mL meaning 5.2 and 52 µg per L), 
leachates of same tire fragments (equivalent to 5.2 and 52 µg per L), natural 
diatomite particles (at 52 µg/L) and an unexposed control. Testing both particles 
and leachates is of importance to investigate the potential hazard associated 
with physical and chemical effects of microplastics. Effects were examined at 
different biological levels in the tissues of adults and their gametes: from the 
ecophysiology of the animal (growth, survival, reproduction) to cellular and 
molecular functioning, including digestive microbiota. Overall, the results 
showed no effect of the different treatments on the ecophysiological 
parameters and the characteristics of the hemocytes (immune cells). The main 
explanation for this result, different from the one found with the 
ecophysiological apparatus (see second experiment described above), would be 
the concentration of the leachates. Indeed, the present study focused on a 
medium-term chronic exposure to low environmental doses, 20 times less 
concentrated than in Tallec et al (2022b)5. Furthermore, since the same tires 
were not used in the two experiments, we cannot exclude that the results are 
dependent on the type and formulation of the tires used to produce the 
leachate. Indeed, recycled tire fragments were used, and the process for their 
recycling and its effect on their chemical formulation remain unknown. In terms 
of molecular analysis, few alterations in the microbial composition of the gills 
and digestive gland were found. In contrast, gene expression profiling showed 
changes between conditions, particularly in oysters treated with the highest 
concentrations of tire particles and leachates showing alterations in pathways 
involved in xenobiotic metabolism, fatty acid metabolism and glycolysis, a major 
energy metabolism. Regarding possible effects on oyster reproduction, leachate 
exposures significantly reduced the percentage of motile sperm compared to 
the unexposed control condition. Molecular study in oocytes also showed 
alteration of genes involved in biological processes such as hormone signaling, 
development, immune response and inflammation suggesting a loss of gamete 
quality. 



 

Ecological impact of plastic pollution 

9 

 

Figure 6. Picture of the experimental exposure of oysters to micro-fragments of tires and their 
chemical molecules, at the Ifremer station of Argenton Porspoder, France. Copyright A. 
Huvet/Ifremer. 

The consequences on the next generation were then assessed by controlled 
breeding of oysters from each conditions (1st generation), then placed on an 
oyster farming area and monitored for one year for growth, survival and 
reproductive outputs, and finally followed by a second controlled breeding and 
larval rearing (2nd generation), providing unprecedented data on the potential 
risks of tire microparticles to marine organisms. The only notable difference 
between conditions appeared during the follow-up of the first generation 
offspring on the shellfish farming area, on the wet weight of the animal. Indeed, 
oysters from parents previously exposed to high-dose leachates showed smaller 
wet flesh weights (4.2 ± 0.2g) than unexposed control oysters and oysters 
exposed to low-dose leachate (4.8 ± 0.2g). There is therefore a consequence on 
the next generation in terms of growth which is probably energetically-based. 
No signal on reproduction was recorded, which is a positive signal. 

 

3. Impacts of textile microfibers 

 
The recent rise of fast-fashion and our daily use of fibrous materials over the 
years have led to the massive release of microfibers into the oceans, estimated 
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at 2 million tons per year7. Although microfiber pollution is usually related to 
plastic pollution, a part of the microfibers collected at sea are made of natural 
components. In this work, we studied the effects of a 96h exposure to natural 
(wool, cotton, organic cotton) and synthetic (acrylic, nylon, polyester) textile 
microfibers and their associated chemical releases on the ability of the cupped 
oyster (one year old) to ingest these microfibers and on effects on key molecular 
and cellular parameters of oyster functioning (Figure 7). 

 

Figure 7. Picture of the experimental exposure of cupped oysters to textile microfibers and their 
chemical releases, on the Ifremer center of Plouzané, France. Copyright C. Détrée/Ifremer. 

Microfibers were produced in the laboratory from six commercial yarns (Figure 
8), or originating from the laundering of jumpers made of polyester, cotton or a 
mix of MF (polyester/cotton/acrylic). 

 
7 Mishra et al 2019. https://doi.org/10.1016/j.marpolbul.2019.01.039  

https://doi.org/10.1016/j.marpolbul.2019.01.039
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Figure 8. Camille Détrée observes textile microfibers produced in the laboratory under a scanning 
microscope. Copyright S. Lesbats/Ifremer. 

 

Two scenarios were considered: an environmentally relevant scenario (10 
microfibers per liter) and a worst case scenario (10,000 microfibers per liter). 
Overall, a distinct response was observed when comparing laboratory-produced 
microfibers and microfibers from washing machines. For laboratory microfibers, 
there was no effect of exposure concentration on key physiological processes 
measured in oysters, suggesting that a low environmental dose is sufficient to 
trigger effects, whereas a dose-dependent effect was observed in oysters 
exposed to microfibers from washing machines. Furthermore, exposure to 
leachate and microfibers from washing machines disrupted the digestive 
function of oysters regardless of the nature of the microfibers, natural or 
synthetic. A more contrasting response was observed in the case of laboratory-
produced microfibers: it was only the ingestion of natural microfibers that 
resulted in a disruption of the digestive functions of oysters, which was not 
observed after ingestion of synthetic microfibers. This striking difference in 
effect would likely be related to the physical characteristics of the microfibers. In 
our experiment, the natural microfibers had a much higher surface roughness, 
possibly making these microfibers more inflammatory for the digestive walls 
during their transit. 

The toxicity of textile microfibers appears very dependent on their weaving 
method, which will determine their physical characteristics (including surface 
roughness) and their chemical composition, i.e. the manufacturers' recipes and 
their lists and quantities of chemical additives added to the textile design. 
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Toxicity is therefore case by case depending on each manufacturer/supplier and 
no general trend can be delivered on the toxicity of microfibers based on this 
work. It is important to add that natural materials do not seem to have less 
impact once ingested by the oyster. But, the big difference between natural and 
synthetic microfibers is the duration of persistence in the marine environment, 
from a few weeks to a few months for natural materials against tens or even 
hundreds of years for synthetic materials. 

 

4. Vectorization of pathogenic species 

 
In addition to the toxic effects in animals after ingestion of microplastics, there is 
a second important environmental concern related to the presence of plastic 
waste at sea: it is the transport of species on the surface of plastic debris. 
Indeed, plastics constitute in the sea a new habitat for many species, benthic 
macro-organisms such as arthropods, mollusks, cnidarians and many micro-
organisms such as bacteria or viruses. These species will colonize the plastic 
waste at sea constituting the "Plastisphere"8. Some species identified on the 
surface of plastic waste at sea are harmful, toxic or pathogenic as families of 
bacteria pathogenic to humans, fish or shellfish, for example bacterial strains of 
the genus Vibrionaceae found on plastics collected in the bay of of Brest (Laura 
Frère’s PhD, 20179). Once detected, two questions arise: what is their quantity on 
the surface of microplastics, and does their condition (abundance, viability, 
virulence) allow a transmission of disease following the ingestion of 
contaminated microplastics? In this context, we conducted experiments to 
evaluate and quantify the attachment to microplastics of Vibrio bacteria (Vibrio 
crassostreae) and a herpes-like virus (OsHV-1), both responsible for summer 
oyster mortalities. This was evaluated both on i) microplastics put on an oyster 
farming area in the bay of Brest during an oyster mortality outbreak to test the 
attachment in natural conditions (experiment 1) ; and on ii) microplastics put in 
contact with these microorganisms in vitro in the laboratory to evaluate the 
temporal dynamics of attachment and detachment of these microorganisms on 
microplastics (experiment 2); then finally iii) on microplastics distributed 
experimentally to healthy oysters in order to identify the transmission of disease 
following the ingestion of contaminated microplastics (experiment 3). 

In the first experiment, we immersed plastic pellets of three different polymers 
(polyethylene PE, polypropylene PP and polyvinyl chloride PVC) in an oyster 

 
8 Amaral-Zettler et al (2020) https://www.nature.com/articles/s41579-019-0308-0  

9 Frère et al (2017) https://doi.org/10.1016/j.envpol.2018.07.023  

https://www.nature.com/articles/s41579-019-0308-0
https://doi.org/10.1016/j.envpol.2018.07.023
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farming area (Brest, France) (Figure 9) during summer oyster mortality events 
measured through batches of healthy young oysters deployed at the site 
between May and July. Mortalities were systematically associated with the 
presence of pathogens in oysters and in the water. The pellets have been placed 
at different tidal levels (water column, on the sediment, in intertidal and subtidal 
areas) and collected weekly over a period of 4 months. Molecular analyses by 
real-time PCR were performed on DNA extracted from seawater samples, 
oysters and at the surface of microplastics, to detect and quantify bacterial 
(Vibrio crassostreae) and viral (OsHV-1) pathogens. 

 

Figure 9. Experimental setup at different tidal levels (intertidal and subtidal indicated by yellow 
stars). The pellets of the three polymers were placed within the oysters in bags fixed on racks at 
70cm from the ground or placed on the sediment. 

OsHV-1 was detected in 20% of the collected microplastic samples while V. 
crassostreae was detected in only 3% of the samples, and this only in the 
intertidal zone.  In the intertidal zone, both pathogens appeared more present on 
microplastics in the water column than on the sediment. Indeed, viral loads 
appeared six times higher on microplastics collected on oyster tables than at the 
water-sediment interface under the tables. Three times more viral loads were 
detected on PE than on PVC. Finally, OsHV-1 and V. crassostreae were exclusively 
detected at 7 days of incubation. No pathogens were detected on microplastics 
incubated from 21 to 147 days, which may explain the lack of pathogen detection 
in subtidal condition for which the incubation period of microplastics was one 
month. 

The herpes virus OsHV-1 and the bacteria V. crassostreae are therefore able to 
attach to microplastics present in the vicinity of oysters in oyster farming areas. 
The following studies aimed at studying more precisely the attachment 
dynamics, as well as the transmission of the disease. 

In the second experiment, polyethylene (PE) particles were incubated in tanks 
containing diseased oysters releasing viral and bacterial particles into the water 
(Figure 10). Several parameters were tested on the attachment of OsHV-1 and V. 
crassostreae to the microplastics: the presence or absence of a natural biofilm 
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on the surface of the microplastics, the biomass of diseased oysters in the tank, 
the water turnover rate in the tank, and the duration of contact with the 
diseased oysters. 

 

 

Figure 10. Experimental structure used at the Ifremer station of Argenton (Porspoder, France) for 
the incubation of polyethylene (PE) particles in water contaminated by the oyster pathogens 
OsHV-1 and Vibrio crassostreae. 

Early detection of virus and bacteria was observed on microplastics, as early as 
2h of contact with infectious water, regardless of the infectious biomass, 
suggesting a rapid colonization of microplastics based on viral loads between 101 
and 103 copies of viral DNA per microplastic. The infectious biomass present in 
the tank affected the viral load detected in the water and on the microplastics, 
with loads up to 104 viral DNA copies per microplastic in the "very high biomass" 
condition. The natural biofilm on the surface of the particles appeared negligible 
and had no effect on the pathogen loads on the surface of the microplastics. 



 

Ecological impact of plastic pollution 

15 

Finally, it should be noted that the removal of the infectious biomass (diseased 
oysters removed and water completely renewed) leads to a progressive 
decrease over time of the viral loads on the microplastic particles. However, the 
presence of the virus is detectable up to 10 days after the removal of diseased 
oysters, suggesting a possible transport of this pathogen in the marine 
environment for 10 days after contact with diseased oysters, thus contributing to 
the dissemination of viral and bacterial agents. 

After having shown an easy attachment and transport of oyster pathogens to the 
surface of microplastics, the third experiment aimed at evaluating the capacity 
of microplastics to transmit these pathogens to healthy oysters and to induce 
mortality phenomena via the ingestion of contaminated particles. For this 
purpose, polyethylene (PE) and polyamide (PA) fragments of a size ingestible by 
oysters (50 µm) were incubated for up to 2 days with infectious water from 
diseased oysters before being put in the presence of healthy young oysters. 
Although an effect of exposure to contaminated particles was observed on the 
filtration activity of the oysters, no mortality was detected during this 
experiment, suggesting an absence of disease transmission when oysters are 
exposed to OsHv-1 contaminated particles. Further studies are needed on the 
efficiency of pathogen transfer from microplastics to the surrounding water and 
marine animals in order to test all possible scenarios in the natural environment. 

To conclude, all this scientific information on the quantification and monitoring 
of microplastic sources and the analysis of the different aspects of their toxicity 
are essential for decision support by allowing us to target major pollution in 
terms of quantity and toxicity for future decision-making (e.g. upstream 
reduction work, proposals for new bio-based and biodegradable materials, 
legislation). 

5. Prevalence of microplastic types in freshwaters and estuaries 
 

Despite growing interest in the environmental impact of microplastics, a 
standardized characterization method is not available. In order to work out 
which types of plastic are most commonly found as microplastics, we carried out 
a systematic analysis of published data from around the globe detailing the 
relative abundance of the polymers that they found. To do this we used search 
engines to gather together all the publications (e.g., journal articles, reports, MSc 
and PhD theses) we could find that gave a description of the different types of 
microplastic that were found in freshwaters and estuaries. We screened the 
6,280 pieces of evidence we found to identify those studies that reported the 
relative abundance of different types of microplastics in the water, in the 
sediment or in animals living in freshwater or estuaries.  
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A total of 69 different types of polymer/co-polymers have been found in 
freshwaters and estuaries globally. The main polymers based on production 
volumes are polyethylene terephthalate (PET), polypropylene (PP), high- and 
low-density polyethylene (HD and LDPE), polyvinyl chloride (PVC), polystyrene 
(PS) and polyurethane (PUR)10. We used data on the relative production volumes 
of these polymers, estimates of their relative abundance in plastic waste and the 
output of a model that describes the release of microplastics into the 
environment, to compare with their relative abundance as microplastics.  

Polyethylene (HD and LDPE) is the most common type of microplastic in 
freshwater or estuaries globally, which is unsurprising as it has the largest 
production volume and is the most frequent in plastic waste. The relative 
abundance of microplastics comprised of PET, HD and LDPE, PP and PS in the 
environment was consistent with their relative global production, but PVC and 
PUR were surprisingly infrequent as microplastics, compared with the volume of 

these polymers that is 
produced or generated as 
waste. While PET, PE, PP and 
PS are widely used in the 
packaging of food and single 
use products, PVC and PUR 
are predominantly utilized in 
long lifespan products for the 
building and construction 
sector. This mismatch could 
be due to various factors, 
such as a lower probability of 
PVC and PUR products being 
discarded into the 
environment, a lower 
likelihood of PVC and PUR 
products fragmenting in use 

or after being discarded to produce microplastics, or better recycling 
management of PVC- and PUR-based products. These results suggest that 
better management of packaging and single-use products could reduce the 
amount of microplastics in the environment. 

 

We also looked at whether there were differences in the types of polymers that 
had been found in the water, in the sediment or in animals, as we were 

 
10 Plastics Europe: Plastics the facts https://plasticseurope.org/knowledge-hub/plastics-the-facts-2021/ 
11 Jones et al. (2020) https://www.mdpi.com/1660-4601/17/24/9304  
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significant difference from environmental samples11 
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interested in how the transport and fate of microplastics in the environment 
might affect the polymer profile.  Here we found a significant difference in the 
relative frequency of polymers identified from samples of water, sediment and 
animals (largely fish and bivalves). We found that PE, PP and PS were all less 
frequent in animals, whereas the miscellaneous plastics (especially nylon) were 
substantially more frequent in biota than either water or sediment. Although the 
studies used a wide variety of methods to separate and characterise the 
microplastics making the results very variable, this finding suggests that animals 
are selective in which types of microplastic they consume, affecting their 
exposure to any potentially toxic effects. 

6. Estimating the risk of ecological impacts  
 

There have been many laboratory-based studies looking at the potential for 
microplastics to cause ecological impacts. Summarising the findings of these 
studies to assess the potential hazard that microplastics present is an important 
step towards establishing the risk of ecological impacts. Similarly, we need to 
assess the extent to which aquatic organisms are exposed to microplastics. It is 
only through an assessment of the likelihood that the hazard presented by 
microplastics will occur that we can assess the risk of ecological impacts. 

To assess the potential risk that microplastics present, we undertook a 
systematic analysis of published data on experiments that detailed the 
concentration of microplastics that caused negative effects on aquatic 
organisms. We also undertook a systematic review of the published data on the 
concentrations of microplastics found in freshwaters and estuaries globally. To 
achieve these aims, we used search engines to gather all the publications (e.g., 
journal articles, reports, MSc and PhD theses) we could find that detailed either 
a) experiments on the impacts of microplastics on biota found in freshwaters 
and estuaries, or b) studies of microplastics in these environments. We screened 
the initial 7,087 pieces of evidence that we identified as possibly being relevant, 
down to 133 and 298, respectively, that contained information that was useful to 
the two questions addressed in this risk analysis. From studies of the impact of 
microplastics on aquatic biota, we extracted information on the threshold 
concentration needed to cause a significant negative impact, the type (polymer) 
and size of the microplastics used, the species used and the response measured 
in the experiment. We only considered those experiments that measured a 
clearly negative biological impact, affecting the behaviour, feeding, growth, 
reproduction or survival of the test organism. From studies of microplastics in 
the environment, we extracted information on the methods used, the volume of 
water or sediment sampled, the size of the particles included in the 
measurements and the maximum concentration of microplastics that was 
recorded.  
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Across the studies of microplastics in the environment, the concentrations 
reported (particles m-3) declined with the volume (m3) of water or sediment 
sampled (Figure 12), which suggests a systematic bias in the methods used to 
date: there should be no relationship between concentration and volume 
sampled. This bias appears to be a consequence of the size of the particles 
considered by each study: as small microplastic particles are more abundant 
than larger particles, differences in size selectivity among the methods used by 
different studies introduce a systematic bias into the concentrations of 
microplastics reported. Studies that used methods that measure small particles 
reported consistently higher concentrations (particles m-3) than those that just 
included larger particles. Nevertheless, by taking the size of particles into 
consideration we can estimate the frequency that maximum concentrations of 
microplastics are exceeded in rivers and estuaries globally.  

 

As well as affecting the measured concentration of microplastics in the 
environment, the size of microplastics has an influence on the concentration of 
microplastics required to cause negative effects. By accounting for the size of 
the particles, we established a size specific threshold where 90% of studies 
needed concentrations of microplastics higher than this threshold to cause an 
effect (Figure 13). We did this for both lethal and sub-lethal effects. We then 
compared these thresholds based on laboratory studies with the data on 
maximum concentrations of microplastics reported from field samples. We used 
maximum concentrations rather than mean concentrations, to provide a worst 
case scenario for exposure to compare against the hazard established from 
laboratory experiments. Here it was apparent that the size specific threshold 
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Figure 12. Size selectivity in methods influences the concentrations of microplastics reported: 
a. methods that sample large volumes tend to return lower concentrations (p < 0.0001). b. 
Concentrations reported for small particles are far greater than those of larger particles (p < 
0.0001). Note Log scales on both axes. Each point represents values for a different study or 
sampling technique in either freshwater or estuarine environments.  
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concentration for lethal effects was considerably higher than 99% of reported 
environmental concentrations. However, the analysis did indicate that, over 
certain size ranges, the calculated size specific threshold concentration for sub-
lethal effects was exceeded by the highest 10% of maximum concentrations 
reported from environmental samples globally, suggesting that there may be a 
possible risk of some sub-lethal effects in a small proportion of sites.  

 

This analysis suggests that the risk of ecological impacts from microplastics are 
low. However, this does not suggest that we can be complacent. Only certain 
types of plastic have been used in these relatively short-term laboratory 
experiments: other types of plastic may have effects particularly if they include 
toxic chemicals in their formulation, and the consequences of long-term 
exposure are not known. On the other hand, this risk analysis used data from 
laboratory tests to determine threshold concentrations for toxic effects, and it is 
not clear how well the results of these laboratory translate into the field. There is 
evidence that the presence of alternative natural food sources reduces the 
likelihood that animals will consume microplastics, reducing the potential for 
toxic effects. Other factors may also influence the likelihood of negative effects, 
such as the colonisation of microplastics by microbes.  

To summarise, this risk analysis suggests that widespread effects of 
microplastics are unlikely. But with increasing production and release of 
microplastics into the environment we cannot be complacent.  
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7. Interactions between chemical contaminants and microplastics 
 

As well any impacts of the microplastics 
themselves, it has been suggested that 
microplastics may interact with any 
chemical contaminants already present in 
the environment. As plastics are organic, 
they may attract compounds that are poorly 
soluble in water, such as the organic 
compounds used in industrial processes, 
agrochemicals, pharmaceuticals and 
personal care products. If the microplastic 
particles are then ingested by an animal, the 
chemicals may be released directly into the 
animal’s tissues. The concern is that by 
behaving in this way, microplastics may 
increase the rate of uptake and the impact 
of chemical contaminants originating from 
wastewater, urban runoff, agriculture, and 
landfill leachate: microplastics could 
concentrate harmful chemicals by 
scavenging them from the water and 
delivering them directly to the place where 
they would have the most impact.  

However, we have a poor understanding of how likely it is that microplastics will 
act as a vector of chemical contaminants in this way. Chemical contaminants can 
form strong bonds with microplastic particles. But, if the bonds with chemical 
contaminants are irreversible, rather than enhancing the toxicity of chemical 
contaminants, microplastics may make them less available and reduce their 
negative effects. As microplastics often originate from similar sources and are 
transported through the landscape along similar pathways to other potentially 
toxic chemical contaminants, it is important that we understand how they 
interact.  

Experiments exploring the interactions between microplastics and chemical 
contaminants have not provided a clear answer, with some showing enhanced 
toxicity, some reduced toxicity and some no effect. These contradictory results 
may be due to the complexity of the interaction between microplastics and 
chemical contaminants, where the range of environmental conditions, 
characteristics of the microplastics, and properties of the chemical contaminants 

Figure 14. Details of screening process 
to identify publications containing 
relevant data. 
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used might influence the extent to which microplastics act as a vector. To 
provide some clarity on this important question we undertook an analysis of the 
published literature on experiments which investigated the interaction between 
microplastics and chemical contaminants where we took three factors into 
account, the water, the microplastics and the chemical used.  

First we gathered together all the publications (e.g. journal articles, reports, MSc 
and PhD theses) we could find that focused on the interactive effects of 
microplastics and chemical contaminants on aquatic organisms. These searches 
identified 3449 publications. By screening through these, we reduced this to 39 
which contained data that we could use in our analysis (Fig. 14). The publications 
included in the analysis were those that i) investigated how microplastics affect 
at least one chemical and at least one toxicological response in either freshwater 
or marine organisms and ii) included both independent and combined 
treatments of microplastics and chemicals. We excluded studies that only 
assessed how chemicals adsorb onto plastics and those that used heavy metals, 
as the association between metals and plastics is different to that of organic 
chemicals. 

As the concentration of salts in the water affects the solubility of organic 
chemicals, we split the studies into those that studied freshwater organisms and 
those that studied marine organisms. 

Because the studies used very different methods, we summarised the result of 
the experiments as either positive, negative, or neutral, based on whether the 
presence of microplastics increased, decreased, or had no effect on the toxicity 
of the chemical.  

As chemicals that are more soluble in organic solvents (hydrophobic chemicals) 
have a stronger affinity for microplastics than chemicals that are more soluble in 
water, we expected the presence of microplastics to have a stronger effect on 
the toxicity of hydrophobic chemicals. We also expected small microplastic 
particles to have stronger effect on the toxicity of chemicals than larger ones, as 
they present a larger surface area for the chemical to interact with and they are 
more likely to be ingested and reach the animals tissues.  

However, we found no evidence that either the hydrophobicity of chemicals or 
the size of microplastic particles had any influence on how microplastics affect 
chemical toxicity. Despite assertions that microplastics that these two factors 
influence the interaction between microplastics and chemical contaminants, the 
interaction between microplastics and chemicals remains complex, with 
numerous factors potentially having an influence on the sorption / desorption of 
chemicals onto microplastics.  
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In summary, the interaction between chemical contaminants and microplastics 
is complex. Suggestions that microplastics act as widespread vectors for organic 
chemical contaminants such that they accentuate their toxic effects are not 
supported.  

8. Ecosystem level effects 
 

Whilst highly controlled, laboratory experiments investigating the toxicity of 
microplastics are very important in developing our understanding of how 
microplastics might harm the environment, experiments are inevitably 
undertaken under artificial conditions. Translating the findings of laboratory 
experiments to the real world is challenging, as there are many factors that 
potentially affect both the toxicity of microplastics and the way that animals 
respond to them.  

To address these challenges, we undertook experiments using a set of artificial 
ponds, which were large enough to mimic the real world but gave us a degree of 

experimental control and replication. 
These ponds had a layer of sediment 
added to the bottom, then filled with 
1,500 L of natural water and seeded 
with animals from local ponds, ditches 
and rivers, so that they resembled the 
communities that we would expect to 
find in natural ponds. The ponds were 
next to the floodplain of the river 
Frome and open to colonisation by 
flying insects as well as those that we 
added. Once they were set up, we left 
the ponds for some time to establish 
before stating our experiment. 

Figure 15. The experimental ponds 

Figure 16. Making the microplastics with an industrial grinder and adding them to the ponds 



 

Ecological impact of plastic pollution 

23 

As biodegradable plastics have been suggested as a potential solution to plastic 
pollution and are being used increasingly, we looked at the effect of two 
different types of microplastic, an oil-based traditional plastic, high density 
polyethylene (HDPE), and a biodegradable plastic made from plant sources of 
organic compounds, polylactic acid (PLA). We also looked at the effect of 
nutrient enrichment, as this should affect the growth of algae and give the 
animals an alternative source of food, thus ameliorating any effect of 
microplastics. To assess the effect of the microplastics, we used two 
concentrations of each type of plastic, and compared them to a control which 
did not have any microplastics added. A lower concentration that corresponded 
to the average concentration of microplastics found in freshwaters globally and 
a higher concentration that was four times the maximum safe limit determined 
from published laboratory studies (the maximum safe limit should protect 90% 
of species from harm: Jones et al. 2019). Due to the mass of microplastic needed 
to achieve these concentrations, we had to make them by physical abrasion of 
virgin pre-process pellets using an industrial stainless-steel grinder. The powder 
was sieved through a series of metal sieves to obtain a size range of 63-500 μm. 
The microplastic powder was conditioned in natural water for a few days to help 
it mix, then added to the ponds. Several aspects of the ecology of the ponds 
were then monitored over the following months.  

Community Composition of: Ecosystem functioning: 

       Microbial community        Growth of planktonic algae 

       Planktonic algae        Growth of benthic algae 

       Zooplankton        Breakdown of detritus 

       Benthic invertebrates        Diet of invertebrates 

        Functioning of microbes 

 

As we were interested in how microplastics might affect freshwater ecosystems, 
we looked at both the composition of the invertebrate, algal and microbial 
communities, and at the way that the pond ecosystems functioned (Table 1). 
Although we added the microplastics to the water column, we looked at both 
the planktonic and benthic communities as we assumed that the microplastics 
would distribute around the ponds over time. Our expectation was that the 
higher concentrations of microplastics that we added would cause profound 
changes, where species would be lost from the community, causing changes to 
the way that the ecosystems functioned.  We expected any effects caused by 
the lower concentration of microplastics to be more subtle. We also expected 
there to be differences between the two types of plastic that we used, with the 
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biodegradable plastic causing substantial changes to the microbial community 
(which would use the plastic to grow as they degrade it) not seen with the 
traditional, oil based plastic. 

Despite exposing the ponds to substantial quantities of microplastic, which were 
predicted to be lethal to many of the species present in the ponds at the higher 
concentration that we used, we were unable to detect any impact on the 
structure and functioning of these semi-natural freshwater ecosystems. 
Although we cannot discount the possibility that plastics other than the ones we 
used might cause problems, one of the plastics that we used, HDPE, is the most 
common microplastic found in the environment (Jones et al., 2020), the other a 
biodegradable alternative to traditional plastics. 

These findings indicate that the negative impacts of microplastics predicted 
from species-specific laboratory studies are unlikely to be realised at the 
ecosystem scale.  

 

 

 

Figure 17. Monitoring the experimental ponds 
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