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Abstract

Plastics have been widely reported to be present in the environment yet there are still many
questions regarding the extent of this and the impacts these may have on both the environment and
human health. The purpose of this investigation is to determine levels of micro and mesoplastic
(MP), in the 1-5000 um range, in commercially important species of finfish and shellfish.
Additionally, to determine and compare the relative MP levels in edible versus non-edible tissues,
and consider the wider implications in terms of human health concerns with a preliminary risk
identification approach. For several fish species, samples taken from typically non-edible (gills,
digestive system) and edible (muscle) flesh, and were analysed separately. Scallops, where all
tissues are edible, were analysed whole. Significant differences were observed in the number of
particles isolated from the finfish gills and digestive tissues relative to the control samples, but not
in the edible flesh. For scallop, the abundance of particles in the Scottish samples did not vary
significantly from the control, while the Patagonian scallops displayed significantly higher numbers
of MPs. Characterisation of MPs by FTIR microscopy found that 16-60% (depending on species)
were polyethylene terephthalate (PET) and polyethylene (PE) in origin. The risk identification
results validate MPs as an emerging risk in the food chain and establish seafood as a vector for the
exposure and uptake of MPs through the ingestion route for humans. Levels of MPs in seafood, and
a direct link to the human food chain, suggests that their quantification be included as one food

safety measure.
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1. Introduction

The global presence of plastics in the marine environment is well documented. MPs are generally
defined as be plastic particles measuring 1 to 1000 um across the longest dimension, although some
count any plastic particle less than 1 mm across and/or from 1-5 mm in size (Browne et al. 2010;
Van Cauwenberghe et al. 2015; Hartmann et al., 2019). Macro-, meso, and micro-sized plastics are
found throughout the world’s oceans from beaches and coastlines, to subtropical oceanic gyres,
polar ice caps and the deep ocean (for review: Wright et al. 2013; Law and Tompson 2014; Cole et
al. 2014; Waller et al. 2017). This has led to the incidence of plastics in sediments of areas used to
cultivate commercial bivalves and finfish (Kazmiruk et al. 2018), as well as in natural ecosystems
of marine biota (Nor and Obbard 2014). Some of these particles originate from the cosmetic and
hygiene industries and products in the form of microbeads (Fendall and Sewell 2009) and are
generally referred to as primary plastics as they enter the ocean already at a microscopic size (Cole
et al. 2011; Hartmann et al. 2019). However, many plastics start out as macroplastics, and break
down over time in the ocean water through exposure to UV light (Ryan et al. 2009), these are
referred to as secondary plastics (Cole et al. 2011; Hartmann et al. 2019).

The primary environmental risk associated with plastics is their availability (Wright et al. 2013;
Desforges et al. 2015). Multiple marine species, including their different life stages, have now been
reported to ingest plastics from the environment (Thompson et al. 2004; Browne et al. 2008;
Boerger et al. 2010; Murray and Cowie 2011; Foekema et al. 2013; Lusher et al. 2013; Steer et al.
2017). This includes species of commercial fish and shellfish seafood products for human
consumption (Tables S2 and S3), which represents an exposure route for humans with possible but

currently unknown health implications that are not yet fully understood (Rochman et al. 2015; Van
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Cauwenberghe and Janssen 2014). Of the studies to date there has been a greater diversity of finfish
species investigated (Table S2), while more studies in total have been conducted using shellfish
(Table S3). Many of these studies provide only a baseline for further study, particularly for finfish,
where few of the species have had repeat observations. Also, the majority of previous studies do not
separate the typically edible from non-edible tissues prior to analysis.

Lab-based exposure studies into impacts associated with plastics exposure in animals have been
carried out including behaviour changes (de S& et al. 2015), and physiological changes (Van
Cauwenberghe et al. 2015). Findings have suggested that the consequences can range from a loss in
predatory performance, such as Common goby, Pomatoschistus microps, struggling to identify prey
items following MP exposure (de S& et al. 2015), to increased energy consumption of
Blue/Common mussel, Mytilus edulis (Van Cauwenberghe et al. 2015). However, there is
uncertainty as to whether such research has used environmentally relevant exposure conditions (von
Moos et al. 2012).

In this study, we examine the levels and types of micro- and mesoplastics (MPs) in seafood
samples intended for human consumption (by sale at supermarkets) from a commercial supplier
source. The aims are threefold: to determine the MP tissue burdens in selected commercially
important finfish and shellfish species; to compare levels in the edible flesh relative to the
non-edible tissues; and, by applying a preliminary risk-based assessment approach, to determine the
potential human health impacts. The rationale for this approach is to provide a level of assessment

of the potential for human exposure to MP via ingestion of seafood.



2. Materials and Methods

2.1. Sample source

Scottish haddock (Melanogrammus aeglefinus), Greek seabass (Dicentrarchus labrax),
Icelandic plaice (Pleuronectes platessa), Atlantic mackerel (Scromber scombrus), Patagonian
scallop (Zygochlamys patagonica) and Scottish scallop (Pecten maximus) (n=10 individuals for
each species with the exception of n=12 for haddock, and n=10 (that were subsequently processed
in two subsamples due to their larger size) for Scottish scallops, were provided by a commercial
producer (Supplemental Table S1). For the fish species, pre-dissection of the gill, gut and edible
flesh tissues were conducted within a sterile laminar flow fume hood at the commercial producers
facility. Scallops were provided de-shelled and whole. Length and weight measurement data, taken
prior to dissection, for each fish was also recorded (Supplemental Table S1). On receipt, the fish
tissue samples were further minced with scissors in a sterile laminar flow fume hood, and ~5 g of
soft tissue from each then digested. Scallops (whole) were similarly chopped using scissors before

digestion.

2.2. Hydrogen peroxide digestion treatment of soft tissue

The digestion extraction methods and analysis of particles from samples were based on Li et al.
(2018). For each sample, the minced soft tissue (~5 g by weight for fish, scallops whole) was placed
in a 1 L conical flask. Ten replicates were digested for each species. Next, 200 mL of 30% H20:
were added to each conical flask, and the flasks were covered with foil and placed in an oscillation

incubator at 65 °C at 80 rpm for 24 h and then at room temperature for 24 to 48 h depending on the

digestion status of the soft tissue. All liquids (hydrogen peroxide) were filtered with a 1 um filter
paper (Whatman qualitative filter paper No. 1, supplied by Camlab Ltd., Cambridge, UK) prior to

use to reduce contamination of the samples by airborne MP. The digestions were terminated once
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they appeared clear with no obvious large particles visible, and then filtered with a 5 um pore size,
47 mm diameter cellulose membrane filter (EMD Millipore, Fisher Scientific, U.K.). Filters were
removed from the filter assembly using sterile tweezers and stored until microscopy analysis. A
procedural blank extraction (n=6 replicates) without tissue was performed simultaneously to

identify and characterize any extraneous MP contamination during the digestion step.

2.3. Observation and validation of MPs and other anthropogenic or natural source particles

The filters were observed under an Olympus SZX10 Research High-Class Stereo microscope
(Olympus Corporation, Japan), and photographed with an Olympus UC30 digital camera. A visual
assessment was conducted to identify particles according to the physical characteristics. MPs were
classified as fibers, film, fragments or spheres using the descriptions from Tagg et al. (2015). A
number of commonly detected particles were selected and verified with a micro-FT-IR, iNicolet,
Thermofisher Scientific) cooled with liquid nitrogen (Tagg et al. 2015). Analysis was conducted in
transmittance mode with MPs mounted on a diamond compression cell. Spectra were acquired and
matched using a series of polymer library databases (Hummel), a hit index of at least 70% was

considered acceptable.

2.4. Statistical analyses

Statistical analyses were performed using Statistical Package for the Social Sciences (SPSS)
and R. Any differences of the abundance of total MPs, and total fibers alone, in tissue samples was
determined using Kruskal Wallis test for non-parametric datasets. Statistical significance was
accepted at *=p <0.05, **=p<0.01, ***=p<0.001. The data are presented without the subtraction of,

and alongside, the procedural blank values to promote transparency.

2.5. Preliminary risk identification of MPs in seafood



A preliminary food safety risk analysis has been carried out based on the English food safety
legislative framework which encompasses the European Union Regulation 178/2002 on food safety
(European Commission 2002), the UK General Food Regulations (2004) and the English Food
Safety and Hygiene Regulations (2013). The risk analysis included an emerging risk identification
(ERI) procedure (EFSA 2014). Further details regarding the definitions and methodology used in

the ERI procedure and the risk analysis are described in Supplemental Information Methods S1.

3. Results

3.1. Particle type, abundance and distribution in fish tissue samples.

Particles were detected in all replicate fish tissue and procedural blank (control) samples
(Figure 1). In terms of procedural contamination, particles from airborne fibres ranged from 0.02 +
0 to 0.8 £ 0.131 items/filter (+ standard deviation). In terms of significant differences, the number
of particles isolated from haddock gills (yet not the flesh or digestive tissues) were increased
compared to the procedural blank (p=0.009). The seabass digestive tissues contained significantly
higher levels of particles relative to the blank (p=0.001) and also the haddock digestive tissues
(p=0.03). The mackerel samples showed no significant differences from the procedural blank yet
the haddock gill tissues contained significantly higher number of particles (p=0.025) compared
with the lower value for mackerel gill tissues. The plaice samples also revealed no significant
differences from the number of particles isolated from the blank, although the plaice digestive
tissues contained significantly more particles (p=0.017) when compared with the mackerel
digestive tissues. The edible flesh samples derived from each of the fish species showed no
significant differences from the number of items isolated from the respective procedural blank

samples.

3.2. MP abundance and distribution in whole scallop tissue samples

The numbers of particles detected in scallop tissues are shown in Figures 1 and 2. These values
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are relative to a procedural blank value of 0.19 + 0.18 items/filter. The abundance of particles in
the Scottish scallops did not vary significantly from the procedural blank, while the Patagonian
scallops displayed significantly higher numbers of particles relative to both the blank and the
Scottish scallops (p=0.000 for both). Comparing the Patagonian scallops with the various fish
digestive tissues (Figure 1), a significantly higher number of particles were observed in the
Patagonian scallops relative to the mackerel, plaice and haddock digestive samples, but were
similar to the seabass digestive tissue values observed. For flesh comparisons; Patagonian scallop
samples contained significantly more particles compared with all the fish flesh samples (p=<0.003)
and Scottish samples were significantly lower (all p=0.000) compared with three of the fish species

but displayed a similar abundance with the mackerel.

3.3. Chemical characterisation of the particles identified in tissue samples

The types of particles identified in the fish tissues varied as follows. Fibres were the most
abundant particle throughout all samples (Figure 3), representing approximately 90% of all items in
mackerel. Fragments were the next most represented, followed by very small incidences of film or
spheres. The latter were only identified in Plaice samples (Figure 3). A similar pattern of particle
types was observed in the scallops: fibres>fragments>spheres (Figure 3). The smallest size range of
particles (5-25 pum) was represented most in the fish tissue samples (Figure 4), which contrasts the
scallop findings where larger particles (of the size range 500-5000 um) were more abundant
(Figure 4).

Micro-FT-IR spectroscopy was conducted on randomly selected fish and scallop sample
particles. For the fish samples, a total of 601 unknown items were isolated from all tissues and of
these, 96 were chemically characterized (representing 16% of the sample set). For scallop, a total
of 372 unknown items were isolated from tissues and, of these, 101 items were chemically
characterized (27% of the sample set). From the procedural blanks, 27 and 12 particles were

isolated alongside the fish and scallop analyses respectively, and were identified as
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cellulose/cellophane fibres or, in two instances polyethylene terephthalate (PET), and one instance
each as zinc stearate/polyacrylonitrile/polyolefin.

Overall, the spectra found that 17-59% of these particles characterized were made up of
MPs in the fish tissues analysed depending on the species: haddock 20%, seabass 17%, mackerel
50% and plaice 59% MP. Of the MPs detected, PET and polyethylene (PE) were the most common
in fish tissues (Figure 5). With respect to the scallop samples analysed: 60% and 16% were of
MPs/semi-synthetic composition in the Scottish and Patagonian sourced samples respectively

(Figure 5).

3.4. Summary of a literature review of MPs in fish and shellfish

Approximately 31 papers recently published specifically investigate MPs in finfish and shellfish
(Supplemental Tables S2 and S3). There has been a more focused approach carried out on a few
shellfish species, compared to large numbers of studies using many finfish. Many studies provide a
baseline for further study, particularly for finfish, but have few repeat observations. Relevantly to
this study, the majority of previous studies do not separate the typically edible from non-edible
tissues prior to analysis. In terms of geographical distribution, there have been a high number of
shellfish studies around European coastlines compared to the rest of the World, this is in contrast
with African coastlines and the Oceania region where there has been a lack of investigation (Figure
6). There have been several studies conducted along the coastlines of North and South America
(Boerger et al. 2010; Davidson and Dudas 2016; Liboiron et al. 2018; Mathalon and Hill 2014;
Possatto et al. 2011; Rochman et al. 2015; Santana et al. 2016) (Figure 6), but there are still large
areas of the Americas which have not been studied at all, and some studies did not quantify the MP
concentration in the organisms (e.g. Rochman et al. 2015). The finfish studies are less concentrated

in one area but there are still no studies from Africa’s coastline or in Australasia (Figure 6). Plus,
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while there are some studies carried out along Chinese coastlines and in the East China Sea (L.i et al.
2015; Li et al. 2016; Jabeen et al. 2017), there has only been a single study conducted in Japan

(Tanaka and Takada 2016) (Figure 6).

3.5. Risk assessment of MPs in seafood

The outcome of the ERI procedure identifies MPs as an emerging risk (Figure 7A)
subsequently triggering a full risk assessment (Figure 7B). The conceptual model takes into
consideration the unique characteristics of MPs found in seafood intended for human consumption
(Figure 7B) and is informed by relevant guidelines that are already used for other contaminants in
the assessment of environmental risks and drives (FDA 2002; SCENIHR 2012; EFSA Scientific
Committee 2017; 2018). A major component of the risk assessment procedure is establishing an
exposure/uptake route, and looking at the findings of this study and the data from the literature
review regarding the presence of MPs in seafood (Tables S2 and S3), it is clear that there is
evidence to support human exposure to MPs through the ingestion uptake route and identify seafood
as a vector of MPs into the human body. Quantification of the exposure can be derived from
seafood consumption data. In the UK, the weekly quantity of household purchases per person (~136
g), and the takeaway food brought home (~9 g) add up to a weekly consumption of 145 g per person,
or 7.54 kg per year (DEFRA 2017). The Food and Agriculture Organization (FAO) of the United
Nations reports a much higher consumption of fishery products in the UK at 20.8 kg per capita per
year (for 2013) (FAO 2016). Modelling consumption and exposure rates provides an exposure
assessment to MPs attributed to seafood (Table S4). According to the findings of this study for
whole shellfish and fish (edible) flesh tissues, taken together with the DEFRA consumption rates,

the lowest would be 1,267 MP items per year and the highest 5828 MP items per year, derived from
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the incidence of MPs in Scottish scallops and plaice, respectively (Table S4). Using the
consumption rates from FAO (FAO 2016), this extrapolates the lowest yearly exposure to 3,494 MP
items per year and the highest to 16,076 MP items per year from the same seafood species. The
limitations of this exposure assessment include the small sample of the present study, and that
consumption does not differentiate between different types of seafood and species. Also, regarding
the results on the flesh of the fish, the MP content could be attributed to the very low level (but still
present) airborne sample contamination in the lab environment. The next step of the risk assessment
is to interpret how this exposure relates to human health effects, especially in the long term as well

as health effects throughout the life course.

4. Discussion
4.1. Abundance and distribution of MPs in fish and shellfish samples

This study provides a report of MPs, and other natural and semi-synthetic items, in the fish
tissues and shellfish samples supplied. The results from the seafood samples analysed have been
further separated into typically edible and non-edible tissues to determine the relevance to human
consumption. Compared with the procedural blank, low levels of particles have been observed in
the majority of fish samples regardless of tissue source (with less than ~1 item per gram). However,
significantly increased numbers of particles were observed in the seabass digestive gland and
haddock gills relative to their respective blank samples, tissues that would not normally be
consumed by humans. Regarding the procedural blank background levels of contamination,
particles from airborne fibers ranged from 0.02 + 0 to 0.8 + 0.131 which compares favourably with
our past average of 2.17 + 1.47 items/filter for previous mussel analyses conducted in our lab (Li et

al. 2018). The lowest incidence of MPs detected in typically edible fish tissues (from mackerel flesh)
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extrapolates to an incidence of approximately 30 MP or semi-synthetic items per 100g serving of
flesh for mackerel. This assumes an even distribution of ~0.6 particles per gram and a MP rate of
50% based on the FTIR findings. The highest incidence of MPs detected using the Patagonian
scallop, which are consumed whole, also extrapolates to an incidence of approximately 30 MP or
semi-synthetic items per 100g serving, assuming an even distribution of ~2 particle per gram and a
MP rate of 16% based on the FTIR findings.

In this analysis, MP and other semi-synthetic items have been identified in every tissue type.
Looking at rates of items per individual: all of the fish flesh samples contained particles, with the
exception of mackerel flesh where only 70% of the samples analysed contained particles, and 100%
of both scallop samples contained particles. While keeping in mind the small sample set involved:
for haddock, 20%; seabass, 17%; mackerel, 30%; plaice, 50%; Scottish scallop, 60%; and

Patagonian scallop, 16% of items analysed were chemically characterised as MPs.

4.2. Comparison with published worldwide field investigations: finfish

For the fish samples herein, these rates compare with a report for Thames Estuary caught
flounder (Platichthys flesus), a similar bottom feeder flatfish to the plaice, where 75% of individuals
contained MPs (McGoran et al. 2017) compared with 100% for the plaice reported here. In contrast,
others report significantly lower levels of MP contamination in bottom dwelling North Sea fish
species, amounting to only 0.5% of grey gurnard (Eutrigla gurnardus)(Foekema et al. 2013), and
0% abundance for common dab (Limanda limanda) analysed (Hermsen et al. 2017). These authors
attribute low abundances to strict quality assurance criteria in reducing background contamination,
yet our procedural blank data suggests that reducing such background, even using quality assurance
approaches, to zero is not possible (Foekema et al. 2013; Hermsen et al. 2017). In support of our

findings, another study conducted further offshore, reported that 47.7% of the bottom dwelling
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flatfish European plaice (Pleuronectes platessa), and 51% for plaice sampled from the North East
Atlantic around the Scottish coastline (Murphy et al. 2017) contain MPs. One important
consideration however, is that all of these collective previous studies do not differentiate between
typically edible and non-edible tissue sources from the fish sampled and analysed, their results are
expressed as MPs incidence from digestive tissue samples only. The only other current study to
differentiate between edible and non-edible tissues from commercially caught fish, reports a similar
finding to those herein, whereby Asian seabass (Lateolabrax maculatus) have significant
microplastic contamination in the guts and gills, yet not in the muscle/flesh relative to the level
determined for the procedural blank (Su et al. 2019).

Trophic level and feeding strategy may account for the observed differences in MP levels. Ory
et al. (2017) suggested that predatory finfish were selective in what MPs they consumed, choosing
particles which most resembled prey items in colour. This is also supported by the lab study which
found juvenile fish would consume more plastic if it was the colour of their prey and would then
struggle to identify actual prey (de Sa et al. 2015). This could suggest that filter feeding bivalves
may ingest MPs in greater numbers as they passively ingest the particles while filtering water,
rather than choosing particles to consume, while finfish may avoid some MPs. On the other hand,
predatory species such as haddock, mackerel, and sea bass would be likely to take up MPs when
consuming prey with biomagnification along trophic levels. Yet Liboiron et al. (2018) found silver
hake, a finfish predator, to have no incidence of MP contamination.

When considering the literature assembled thus far there has been a range of dietary
preferences studied for finfish; from omnivorous Liza haematocheila (Jabeen et al. 2017), to
carnivorous Mullus barbatus (Bellas et al. 2016), to planktivorous Decapterus muroadsi (Ory et al.
2017). When considering a study which looked at a range of species along Chinese coastlines the
species identified as carnivores did not appear to have a significantly higher MP content than the
omnivore species, with the range for omnivores found to be 0.5+0.2 - 10.1 +4.9 MP/g and for

carnivores 0.4 £ 0.2 -17.2 £ 9.7 MP/g (Jabeen et al. 2017). In the case of D. muroadsi there was a
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high ingestion rate of MPs which resembled the colour of the plankton they would usually consume,
which appeared to suggest the fish were direct consumers of the MPs rather than accumulating them
through trophic transfer (Ory et al. 2017). That said, several trophic transfer investigations have
reported higher MP levels in predatory organisms (Setéld et al. 2014; Welden et al. 2018). For
example, predatory species of molluscs were found to have ingested a higher concentration of MPs
than non-predatory molluscs (Naji et al. 2018). However, this does not appear to be the case across
all biota as Welden et al. (2018) found no significant difference between the MP content of the prey
species Ammodytes tobianus, and its predator Pleuronectes platessa, and concluded that the
predator species did not retain MPs taken up when consuming the prey.

Karami et al. (2018) considered the MP content of canned sardines and sprats after processing.
The abundance of MPs in the cans was found to be relatively low, with complete absence in 16
brands and between 1-4 MPs in the 4 other brands. This may also suggest that following the gutting
and processing procedure the number of MPs is reduced and so canning may be a relatively safe
way to consume seafood. However, it is also worth considering that this study used Raman
spectroscopy which has previously failed to identify plastics when there are colourants present in

the material (\Van Cauwenberghe and Janssen 2014).

4.3. Comparison with published worldwide field investigations: shellfish

In comparison with our previous mussel tissue analysis, a similar trend has been observed when
compared with the scallop samples. For mussels (which are filter feeders), half of all particles (50%)
characterized were confirmed to be MPs and included polyester, polypropylene and polyethylene
(Li et al. 2018). Polyester was the dominant polymer type in mussels sampled from the environment,
while polypropylene was the most prevalent type in farmed mussels (Li et al. 2018). An additional
37% of particles were made up of rayon and cotton fibres as well as a natural/synthetic blend of

cotton and olefin and were considered to have an anthropogenic origin, whilst only ~10% were
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confirmed to be naturally occurring cellulose (Li et al. 2018). For the scallops analysed in this study,
PET was the most prevalent MP, though polyethylene and polypropylene are also represented. In
contrast to our previous mussel work, cellophane/cellulose occur at a significantly higher
prevalence of up to 20-85% in the two scallop species compared with mussels. It is important to
note that FTIR analysis of ‘cellulose-type’ materials that have been weathered (or have gone
through a digestive system) are difficult to identify with absolute certainty as either cellulose or

cellophane.

4.4. The impact of methodological approach on reports of MP abundance levels in seafood

As the field is still relatively new it could be expected there may be some issues with the
methodology that make data comparisons difficult. In terms of processing organisms there are two
different acids used to dissolve the tissues; H2O2 (Bonello et al. 2018; Li et al. 2018; Naji et al. 2018)
and HNOz (De Witte et al. 2014), a base such as KOH may also be used (Foekema et al. 2013;
Phuong et al. 2018). A study considered whether prolonged exposure of anthropogenic debris to
different chemicals would cause loss of some materials, finding that nylon was underrepresented
when samples were treated with HNO3s (Claessens et al. 2013), so use of different methods could
make some studies incomparable. Some of the studies conducted thus far have also not carried out
chemical analysis on the items identified as anthropogenic to show whether they are a MP
(Rochman et al. 2015), resulting in overestimations.

Van Cauwenberghe and Janssen (2014) identified plastic types using Raman spectroscopy, which
created spectra of the colourants used in the plastics, not identifying the plastics themselves, and
potentially leading to overestimations. In selected finfish studies no further analysis of the particle
types was attempted. An alternative is FTIR micro-spectroscopy, as employed in this investigation
and by others (Claessens et al. 2011; Li et al. 2018). However, neither of these analysis methods can

identify particles in the size range of 20nm to 10um (GESAMP 2015), leading to a failure to
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identify many MPs, and those in the nanoplastics size range. This may be especially relevant for
filter feeding bivalves, as well as the finfish gills and digestive system, where crossing cell

membranes, and entering the bloodstream become possible.

4.5. Human exposure levels of MPs via seafood and risk assessment

To recap, all samples analysed, with the exception of a minority of the mackerel flesh samples,
contain particles. The gill and digestive gland tissues from the four finfish analysed contain more
MPs compared to the edible flesh samples from the same fish, reducing the potential for human
consumption. On closer examination of a subset of the particles isolated, it has been possible to
predict the incidence of MPs for each species analysed, which are relatively low compared with
some international studies and similar to a number of previous UK studies. Critically, relative to the
background levels of MPs (identified in the procedural blanks), there were no significant levels in
the edible flesh of the four finfish species analysed, nor in many species of finfish reported in
published studies. This was not the case for shellfish however, where all of the shellfish species
investigated were confirmed to uptake MPs, even when some individual animals were found to not
contain MPs (Santana et al. 2016). The implications of these low levels of MPs in shellfish in
particular, either in terms of consumers’ perceptions, or actual health impacts, are currently
unknown.

When considering the countries as having the greatest fish catch rate in tonnes, namely; China,
Indonesia, USA, Peru, Russian Federation and Japan (Richardson et al. 2016), the lack of
understanding on how much plastic is being consumed by humans becomes clear. For instance, at
this moment, only one study on a single species has been conducted along the coastline of Japan
(Tanaka and Takada 2016) despite this being among the countries with the highest catch rates.

Although, all the stages of the risk assessment have not yet been completed, the initial results
confirm the characterization of MPs as an emerging risk in the food chain and establish exposure

and uptake route of MPs through the consumption of seafood. These conclusions alone support the
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adoption of the precautionary principle since we are at the moment faced with an uncertain risk
(Zander 2010). Our laboratory is in the process of conducting research towards the completion of
the risk assessment and the establishment of a causality relationship between exposure to MPs and

specific human health effects; if indeed there is one.

4.6. Summary and conclusions

Significant differences were observed in the number of particles isolated from typically non
edible gills and digestive tissues in the finfish relative to the blanks, but not in the edible flesh. This
is important to highlight since published studies analysing whole fish may overestimate the real MP
burden in seafood. For scallop, species differences in MP levels were observed, yet each contained
MPs and the tissues analysed represent the edible parts. Analysis by FTIR microscopy found that
16-60% of the particles characterized were made up of MPs with PET and PE most commonly
detected. The FTIR findings demonstrate the need to properly characterise the particles or risk
overestimation of MP levels, especially with cellulose type items. The literature review, risk
identification and initial risk assessment results validate MPs as an emerging risk in the food chain
and establish seafood as a vector for the exposure and uptake of MPs through the ingestion route for
humans. As such, MP quantification should be included as one of the food safety measures as a
preventative measure for shellfish. On the other hand, given the very low MP levels in edible fish
flesh, such measures may not be required, as yet, for finfish species. To investigate this further, our

current research investigates the presence of MPs in the human digestive system.
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Figure and Table Legends

Figure 1. Mean relative abundance of particles per gram of tissue from fish and scallop samples.
n=10 for fish tissue (n=12 for haddock), n=3 to 6 for procedural blanks. n=10 for scallops, n=9 for
procedural blanks.

Figure 2. Mean relative abundance of particles per individual scallop. PS, Patagonian scallop; SS,
Scottish scallop. n=10 for scallops, n=9 for procedural blanks.

Figure 3. Shapes of particles isolated from fish and scallop tissue samples and procedural blank
samples.

Figure 4. Distribution of the sizes (mm) of particles found in the fish and scallop tissue and
procedural blank samples.

Figure 5. Chemical composition of particles identified in A. Haddock, B. Seabass, C. Mackerel, D.
Plaice, E. Scottish scallop, and F. Patagonian scallop. Grid shading represents chemicals that have
been identified in all species. Abbreviations: PET, polyethylene terephthalate; PE, polyethylene; PP,
polypropylene; PEP, polyethylene:polypropylene copolymer; PEPD,
polyethylene:polypropylene:dien; PVAE, polyvinyl acetate:ethylene, PAN, polyacrylonitrile; zein, a
maize plant protein.

Figure 6. World map showing the geographic origin of fish investigated for their MP content and
the number of species studied at each location. Map locations may be approximations based on
information provided in the papers. Red marker = shellfish study, yellow marker = finfish study
(Bellas et al. 2016; Boerger at al., 2010; Bonello et al. 2018; Catarino et al. 2018; Davidson and
Dudas 2016; De Witte et al. 2014; Foekma et al. 2013; Jabeen et al. 2017; Jantz et al. 2013; Li et al.
2016; Li et al. 2018; Liboiron et al. 2018; Lusher et al. 2013; Mathalon and Hill 2014; Nadal et al.

2016; Naji et al. 2018; Neves et al. 2015; Ory et al. 2017; Phuong et al. 2018; Possatto et al. 2011;
18



Rochman et al. 2015; Santana et al. 2016; Tanaka and Takada 2016; VVandermeersch et al. 2015; Van
Cauwenberghe et al. 2015; Welden et al. 2018). Base map: World Map Blank, credit: Petr Dlouhy,
CC BY-SA 3.0, via Wiki Commons.

Figure 7. A) ERI procedure diagram for MPs, and B) Risk assessment diagram for MPs in seafood.
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