
 

 

 

 

 

 

 

 

 

 

Impact of microplastic uptake: 

contamination in sprat and 

microplastic-mediated uptake of 

PAHs by European shore crab 
 

Zoeter Vanpoucke Mechtild 

 

 

Supervisor: Devriese Lisa 

Promotor: Dr. De Witte Bavo 

Institute for Agricultural and Fisheries Research (ILVO) 

 
 
 

 

Master thesis submitted for the partial fulfillment of the title of 

Master of Science in Marine Biodiversity and Conservation 

within the International Master of Science in Marine Biodiversity and Conservation EMBC+ 



 
2 

 

I. Declaration 
 

 

 

 

 

 No data can be taken out of this work without prior approval of the thesis-promoter. 

 

 

 

 

 

 

I hereby confirm that I have independently composed this Master thesis and that no other than the 

indicated aid and sources have been used. This work has not been presented to any other 

examination board. 

 

Ghent - June 5th 2015 

 

 

 

Zoeter Vanpoucke Mechtild 



 
3 

II. Executive summary  
Since the early twentieth century, plastic has taken up an important position in our society. Today, 

plastic pollution is a worldwide phenomenon that is receiving an increasing amount of attention by 

the scientific community. A variety of direct and potential indirect effects of microplastic presence in 

the marine environment have been proposed. Examples are their role as a substrate for bacteria and 

in the dispersal of invasive species, as surface for persistence organic pollutants to accumulate and 

persist upon, as a source of chemicals used in plastic production that leach out. Another example is 

reduced feeding efficiency and the consequences thereof. This study aims to investigate two aspects 

of potential impact on marine biota. 

First of all, Sprattus sprattus (European sprat), was collected in the Belgian Part of the North Sea 

between March 2013 and March 2015. Acid digestion was performed on the stomachs of these fish, 

in order to determine number of ingested microplastics under a microscope. Microplastics were 

observed in 38.74% of examined fish. On average, fish had ingested 0.58 ± 0.88 microplastics, of 

which the majority (78.13%) consisted of fibres, ranging from 97 to 4,869µm. Results reveal no 

significant spatial or temporal variation, nor direct impact on overall condition of fish. 

Recommendations for future research include expanding the monitoring of plastic pollution. At this 

point this is only done in seabirds, but by expanding this to a pelagic and a benthic species, a vertical 

assessment of the water column is possible. 

The second focal point of this study lies on microplastic-mediated uptake and transfer of PAHs. For 

this purpose, Carcinus maenas individuals were exposed for 3 weeks to a selection of 6 PAHs: 

phenanthrene, fluoranthene, pyrene, 6-methylchrysene benzo(a)pyrene and indeno(123cd)pyrene. 

Exposure occurred under the form of jellified food containing PAHs and/or microplastics, PAH-loaded 

microplastics or none of the previous, depending on treatment group. Following the three weeks of 

exposure and two weeks of depuration, tissue analysis was performed by GC-MS. Results indicate no 

significant uptake of light PAHs and a significant uptake of heavier PAHs from feeding cubes. 

Microplastics seem to have only a minor impact on the uptake and accumulation of PAHs by C. 

maenas but further research is needed. 
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III. Abstract 
 

Plastic pollution is a worldwide phenomenon that is receiving an increasing amount of attention by 

the scientific community. In this thesis, 2 aspects of potential impact on marine biota were 

approached. First of all, S. sprattus, caught in the BPNS between March 2013 and March 2015, were 

subjected to acid destruction of the stomach, in order to determine number of ingested 

microplastics. Microplastics were observed in 38.74% of examined fish. On average, fish had ingested 

0.58 ± 0.88 microplastics, of which the majority (78.13%) consisted of fibres, ranging from 97 to 

4,869µm. Our results reveal no significant spatial or temporal variation, nor direct impact on overall 

condition of fish. 

The second focal point of this study lies on microplastic-mediated uptake and transfer of PAHs. 

Therefore C. maenas individuals were exposed for 3 weeks to jellified food containing PAHs and/or 

microplastics, PAH-loaded microplastics or none of the previous, depending on treatment group. 

Following the three weeks of exposure and two weeks of depuration, tissue was analysed by GC-MS. 

Results indicate no significant uptake of light PAHs and a significant uptake of heavier PAHs from 

feeding cubes. Microplastics seem to have only a minor impact on the uptake and accumulation of 

PAHs by C. maenas but further research is needed. 
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Introduction 
Mankind has a long history of influencing and polluting its environment. Despite their vastness, even 

the marine environments were affected by human activity. Since the early twentieth century, plastic 

has taken up an important position in our society. The yearly production in Europe alone stabilised at 

57 million tonnes, while worldwide production has grown continuously and reached 299 million 

tonnes in 2013 (PlasticsEurope, 2015). Of this massive quantity, only 26% was recycled and 36% was 

used for energy recovery in 2012. Consequently, an ever-increasing amount of plastic particles finds 

its way into the seas and oceans (PlasticsEurope, 2015). Surprisingly, only 10% of plastics in the 

world’s oceans is estimate to originate from ships and a comparable amount from fishing activity. 

The remaining 80% comes from land (Andrady, 2011). All this plastic debris continuously breaks 

down into smaller particles, mainly due to light-induced degradation (UV solar radiation), but also 

thanks to thermal and/or chemical degradation, and fragmentation caused by wave action (Andrady, 

2011; Ivar do sul and Costa, 2014). These particles eventually become microplastics, defined as 

plastics with a diameter < 5mm (Arthur et al., 2009). Next to these “secondary” microplastics, formed 

out of larger plastic, also “primary” microplastics enter the marine environment through loss of 

preproduction pellets, washing of synthetic clothing, and their use in cosmetic products (Arthur et al, 

2009). 

In recent decades, the interest of the scientific community in microplastic research has increased and 

first indications for a myriad of direct and indirect effects have been discovered. Plastic debris can 

serve as a substrate for potentially harmful bacteria (Vandermeulen et al., 2014; Osborn and 

Stojkovic, 2014; Zettler et al., 2013), mainly because the hydrophobic surface stimulates biofilm 

formation. This hydrophobic surface also leads to adherence, accumulation, and prolonged 

environmental persistence of persistent organic pollutants (POPs) (Hirai et al., 2011). Additionally, 

chemicals used in the manufacturing process are already present on the plastics and may leach out 

(Teuten et al., 2009). Furthermore, plastic particles aid in the dispersal of invasive species (Gregory, 

2009), and cause entanglement, leading to reduced feeding efficiency or even drowning  and 

starvation. In this thesis, the focus is on uptake, i.e. not restricted to ingestion but also including 

uptake via gills. 

Nano- and microplastics are available to every level of the food web, and their intake has been 

demonstrated for a wide variety of species. From primary producers (Oliveira et al., 2012), 

zooplankton (Cole et al., 2013), and benthic invertebrates (blue mussel (De Witte et al., 2014), 

Norwegian lobster (Nephrops norvegicus) (Murray and Cowie, 2011), shore crab (Carcinus maenas) 

(Watts et al., 2014), brown shrimp (Crangon crangon) (Devriese et al., submitted)), to fish (Boerger et 

al., 2010; Davison et al., 2011; Possatto et al., 2011; Lusher et al., 2013; Foekema et al., 2013; and 

others), sea turtles, birds (OSPAR, 2014) and marine mammals (Sigler, 2014.). However, most 

observations of plastic uptake were done in controlled lab experiments where microplastics were 

administered at highly elevated concentrations (de Sá et al., 2015; Watts et al., 2014; Sussarellu et 

al., in prep.; Cole et al., 2013; Besseling et al., 2013; Von Moos et al., 2012; Browne et al., 2008). So 

far, not that many field studies have been conducted on plastic intake in natural habitats, and even 

less on plastic intake by fish in the North Sea (Foekema et al., 2013; Lusher et al., 2013; and Rummel, 

2014). Appendix II gives an overview of research on uptake by crustaceans and fish in proximity to 

the BPNS. This uptake is hypothesized to lead to a plenitude of both direct and indirect effects, but so 

far, little hard evidence for this hypothesis has been produced. The ingestion and inspiration of 
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plastics can cause a number of harmful effects:  internal abrasion, reduction of stomach capacity, a 

false sense of satiation, blockage of the digestive tract, bioaccumulation and translocation. Such 

effects may lead to reduced growth or even starvation of the organism. 

Lusher et al. (2013) studied the ingestion of microplastics by diverse pelagic and demersal fish 

species in the English Channel and found on average 1.90 ± 0.10 pieces of plastic per fish, most of 

which were fibres. Similar counts (approximately 1 microplastic/fish) were observed by Foekema et 

al. (2013), when they investigated pelagic and benthopelagic species in the North Sea. Plastic 

ingestion occurred significantly more in Southern (incl. Belgian part of the North Sea (BPNS)) 

compared to the Northern North Sea (Foekema et al., 2013). 

Recently, Devriese et al. (submitted) concluded that microplastic fibres were present in 63% of 

investigated brown shrimp (Crangon crangon) from coastal waters of the Southern North Sea and 

Channel area. The aforementioned study by De Witte et al. (2014) on blue mussels revealed the total 

microplastic fibre count to vary from 2.6 to 5.1 fibres per 10g wet weight (w.w.), depending on the 

location (groyne versus quayside at Belgian coast). Mussels sold for human consumption were 

analysed as well, and these contained on average 3.5 fibres per 10 g w.w.. Both of these studies 

suggest no translocation of plastics to tissue. Earlier research observed translocation of microplastics 

to the circulatory system of mussels within 3 days, where they persisted for over 48 days (Browne et 

al., 2008; Von Moos et al., 2012). Although this did not indicate translocation to tissue, transfer to 

humans remains a potential threat since the organisms are consumed as whole. Van Cauwenberghe 

and Janssen (2014) took this assumption one step further as they analysed the microplastic content 

of bivalves destined for human consumption. The authors found 0.47 ± 0.16 microplastics/ g w. w. in 

oysters from the French supermarket and 0.36 ± 0.07 microplastics/ g w. w. in mussels from German 

farms. Based on extrapolation, they calculated that European shellfish consumers are exposed to up 

to 11,000 microplastics per year. 

Next to observations in biota mentioned above, microplastic can also be determined within marine 

sediment, with the Belgian and parts of the French coast declared to contain the highest sediment 

microplastic load of the Interreg 2 Seas area and Franche Manche Channel region (Vandermeulen et 

al., 2014). Claessens et al. (2011), investigating the sediment of the BPNS, revealed that microplastic 

concentrations were highest in harbours. Here, a total of up to 390 microplastics per kg of dry 

sediment was found, indicating accumulation therein. The majority (59%) of microplastics consisted 

of fibres, which occurred in nigh equal concentrations in all surveyed areas. Spheres (12% of total 

microplastics) on the other hand, were exclusively found in harbours.  In contrast, the project MICRO, 

(Vandermeulen et al., 2014), reveals a much higher prevalence of spheres. In the BPNS sediments, 

this study found on average 302 fibres and 283 spheres per kg (d.w.) sediment, resulting in 585 

microplastics per kg. Throughout the entire study, which covered the Interreg 2 Seas area and 

Franche Manche Channel region, average microplastic concentrations ranged from 97 to 1934 fibres 

and 123 to 2578 spheres per kg of dry sediment, indicating very high spatial variability and patchy 

seafloor. In the meantime, unpublished data (Devriese L.) suggests microplastic content of the 

sediment in the BPNS ranges from 54 microplastics/kg d.w. offshore, to 3146 microplastics/kg d.w. 

inside the Ostend harbour. Water samples were analysed as well in the frame of project MICRO and 

of the 28 samples taken in the BPNS, only 4 contained microplastics larger than 500µm (unpublished 

data), indicating plastic pollution is less of a problem in the water column compared to the 

sediments. A finding that is backed up by the semi-annual litter monitoring campaigns executed by 
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ILVO, which revealed 80 to 90% of litter items on the seabed is made out of plastic (Van Bogaert et 

al., 2014). 

Earlier, the Belgian Fishing for Litter pilot project (2007), collected 18,000kg of marine litter. At least 

62.5% of this waste, consisting for a large part of dolly rope, came from fisheries (Bonne and 

Tavernier, 2007). This polyethylene (PE) rope is used by bottom trawlers to protect nets from wear 

and tear as they drag over the seafloor. However, it frays easily: approximately 10-25% tears off 

during use, resulting in a yearly loss at sea of 15,000 to 25,000kg in Europe. Because of higher 

visibility, orange dolly rope is used the most, and is often found when monitoring marine litter in the 

BPNS (Bekaert et al., 2015) This explains why orange PE fibres are found so often in examined 

mussels (Dewitte et al., 2014). 

In addition to the intake through the digestive system, Watts et al. (2014), who exposed several 

species to microplastics in laboratory conditions, demonstrated that plastic intake can occur through 

the gills as well as by ingestion of pre-exposed food. Furthermore, they demonstrated that plastic 

spheres are retained within crab body tissues for as long as 21 days after uptake through the gills and 

for up to 14 days following ingestion. Copepods, a key species at the base of many marine foodwebs, 

have been shown to ingest microplastics) with a consequential lowering in feeding efficiency, 

implying a negative impact on the function and health of zooplankton (Cole et al., 2013). 

In addition to these direct effects, indirect effects occur as well. Many additives (e.g. flame 

retardants and antimicrobial agents) and plasticisers (phthalates) are used during the manufacturing 

of plastics. Teuten et al. (2009) give an overview of the release and degradation of these 

components. As polymerisation reactions are seldom complete, residual monomer content of plastic 

can reach up to 4% (Araújo et al., 2002). Several of these monomers are considered toxic, posing a 

threat when they leach out (Lithner, 2011). Next to the plastic components there selves, it has been 

shown that many POPs, present in the marine environment, adsorb to microplastics due to their 

hydrophobic character. This accumulation results in up to 106 times higher concentrations compared 

to the surrounding water (Hirai et al., 2011). These POPs include polychlorinated biphenyls (PCBs), 

polycyclic aromatic hydrocarbons (PAH) and organochlorine pesticides such as 

dichlorodiphenyltrichloroethane (DDT) and its breakdown product dichlorodiphenyldichloroethylene 

(DDE) (Teuten et al., 2007 and 2009; Cole et al., 2011). However, the extent to which POPs 

accumulate depends strongly on the polymer type. In general, PAHs and PCBs sorb better to PE and 

polypropylene (PP), than to PVC and PET, while phenanthrene (a PAH) sorbs more to PE compared to 

PP and PVC (Bakir et al., 2014). Gauquie et al. (submitted) identified the various chemical compounds 

present on marine litter and quantified PAHs and PCBs on beach pellets. This revealed that PAHs are 

present in much higher concentrations on marine litter from the BPNS compared to PCB’s. 

(Concentration (in ng/g plastic) on beach pellets: ∑16EPA-PAHs = 1076-3007, ∑7 OSPAR-PCBs= 31-

236).  

It has been hypothesized and demonstrated several times, that these POPs are transferred from 

microplastics to the animal tissue when ingested, and hence, enhance bioaccumulation and 

biomagnification. (Teuten et al., 2009; Cole et al., 2011) For example, lab experiments with Arenicola 

marina  have demonstrated weight loss when exposed to PCB-loaded microplastics (Besseling et al., 

2013) and reduced functionality of coelomocytes when exposed to sand with 5% microplastic 

content (Browne et al., 2013). However, accumulation was 2.5 times higher when the model 
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organism was exposed to contaminated sand rather than plastics. Wright et al. (b, 2013) also took 

note of a decrease in energy reserves of up to 50% when the lugworms (A. marina) were exposed to 

unplasticised PVC at concentrations similar to those in the marine environment. Since A. marina 

fulfils an important role in intertidal ecosystems worldwide, these findings could have far-reaching 

impacts. Devriese et al. (in preparation) exposed Norwegian lobsters to PCB-loaded plastics and 

observed that the short residence time in the gut is sufficient to release some PCB’s from PE, but not 

enough to transfer critical amounts of PCBs into the tissue of test animals. Furthermore, they 

revealed that PCBs are released in larger amounts from PE compared to PS. Theoretical models (by 

Koelmans et al., 2013 and Gouin et al., 2011) go even further and indicate there might be a cleansing 

effect due to the strength with which some pollutants adhere to the plastics. Microplastics may also 

increase the environmental persistence of the adsorbed POPs (Teuten et al., 2009, amongst others). 

Several authors have pointed out that this potential for enhanced bio-accumulation of PBTs 

(Persistent, Bioaccumulative and Toxic) mediated by microplastics, may eventually have a negative 

impact on human health through the consumption of seafood (Engler, 2012; Van Cauwenberge and 

Janssen 2014). 

PAHs are components of oil and coal, and are released by incomplete combustion of fossil fuels and 

organic materials. Based on the ratio alkylated:non-alkylated PAHs, a distinction can be made 

between petrogenic and pyrogenic sources, the latter being more toxic in general. According to Ye et 

al. (2006), most of the polluted sites were affected by both types. It is possible to distinguish further 

between various pyrogenic sources as different types of combustion result in dissimilar PAHs 

distributions. PAHs are often PBTs and enter the sea directly via oil spills or indirectly by riverine 

discharge, offshore activities and aerial deposition. Especially this aerial deposition is of major 

concern, as long-range atmospheric transport is a very important pathway within the OSPAR regions. 

Although emission levels in OSPAR countries remained stable over the past decade (±1000 

tons/year), expected industrial growth in other parts of the world (e.g. Asia) may thus increase PAH-

levels near our shores. Additionally, historic pollution in riverine and marine sediments is a source of 

continuous release. In general, a downward trend can be seen in the PAH concentrations in fish and 

shellfish in the OSPAR area. This is particularly the case in region 3, but less so in region 2 where the 

BPNS is located (OSPAR 2010). Concentrations in region 2 still exceed background values and are 

unacceptable in many areas. Furthermore, through chemical, biological or photo-oxidation, 

oxygenated polycyclic aromatic hydrocarbons (oxy-PAHs) are formed. Although oxy-PAHs are also 

emitted directly by incomplete combustion, it is important to keep in mind that they develop when 

PAHs degrade. This implies that levels may rise when remediation of polluted sites occurs through 

enhancement of PAH-degradation. 

The unambiguous toxicity of PAHs is expressed by their mutagenicity and carcinogenicity (Lundsted 

et al, 2007; Ospar 2010). However, toxicity is closely related to biotransformation capacity. 

Consequently, M. edulis, with its limited biotransformation capacity, is much less vulnerable to the 

dangers inherent in PAHs, compared to fish and other vertebrates. However, this limited 

biotransformation capacity is a double-edged sword: it results in the accumulation of PAHs in tissue, 

making M. edulis an efficient bioconcentrator. Furthermore has it been shown to affect the defense 

system of mussels negatively (Vandermeulen et al., 2014). Fish metabolism on the other hand, turns 

PAHs into reactive metabolites that can bind to proteins, DNA and RNA. Given the restricted DNA 

repair system in these organisms, this leads to numerous forms of lesions, mutagenesis, 

teratogenesis and carcinogenesis (Beyer et al., 2010) and a general decline in liver tumours in fish in 
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the Netherlands (North Sea) has been assigned to a decreased exposure to PAHs (OSPAR, 2010). 

Monitoring of PAHs in the marine environment is imposed upon member states by the OSPAR 

convention, the Marine Strategy Framework Directive (MSFD), and the EU Water Framework 

Directive (WFD) (European Union and ICES, 2010). 

In this thesis, the following two focal species have been selected based on their occurrence and 

ecological role. 

European sprat (Sprattus sprattus) is a marine, pelagic, schooling fish species belonging to the 

Clupeidae, occurring in all four European regional seas. This species migrates between winter 

feeding- and summer spawning grounds, occasionally entering estuaries. In 2009, sprat was the most 

frequently caught fish in the EU (11% of total catch) and it plays an important role as forage fish 

(fao.org/fishery/species/2102/en, and Europese Unie, 2013). Their diet comprises of copepods, 

phytoplankton and meroplankton and is characterised by selective feeding behaviour (Van 

Ginderdeuren et al., 2014; Falkenhaug and Dalpadado, 2014). An example of this selectivity in the 

BPNS is that the most abundant calanoid copepod, Actaria clausi, is barely found in stomach analysis, 

while almost 75% of prey items was made up of 2 other copepod species: Temora longicornis and 

Centropages hamatus (Van Ginderdeuren et al., 2014). Given its occurrence, distribution and 

selective planktivorous feeding behaviour, it is a good candidate for focal species in studies on 

microplastic uptake in natural habitat as it can be sampled all across Europe and analysis can thus be 

compared between regions. Shaw and Day (1994) suggested that species using visual cues to select 

which zooplankton to prey upon are susceptible to mistaking microplastics for food – a hypothesis 

that has  been confirmed several times, as recently for Pomatoschistus microps (de Sá et al., 2015). 

Carcinus maenas (European shore crab, green crab) is native along European coasts and estuaries, 

but also ranks among the top 100 most invasive species worldwide (Lowe et al., 2000). As an invasive 

species, they cause problems in ecosystems along Northern American and Australian coasts. 

Although they are fished for commercially, its main effect on fisheries is considered to be by 

scavenging on discards. It is not a scavenger pur sang, however, as it mainly preys actively on 

bivalves, polychaetes and small crustaceans (Klassen & Locke, 2007). The same authors recommend 

C. maenas as an indicator species for the monitoring of heavy metal contamination as this type of 

pollution was linked to respiratory failure. Furthermore, it has been shown that they take up PAHs 

(Rodrigues et al., 2013).   

Aims and objectives 
Framed within the EU project CleanSea, this thesis focuses on two aspects of plastic pollution in EU 

waters. First of all, the ingestion of plastic particles by sprat in the BPNS is investigated. Furthermore 

it is acknowledged that microplastics may cause several direct and indirect effects following intake. 

The second objective of this thesis is to investigate microplastic-mediated uptake of POP’s and the 

accompanying question whether POP’s, present on marine plastic litter, can be released and 

transferred to the tissue of animals, and whether ingestion of microplastics accelerates the 

accumulation of POP’s in tissue. Therefore, C. maenas individuals were exposed to PAH-loaded dolly 

rope particles for three weeks. 
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Materials and Methods - Microplastic ingestion by Sprattus sprattus in 

the Belgian Part of the North Sea 

Study area and sampling 
European sprat was collected on 16 different locations within the BPNS. Figure 1 shows a map of the 

BPNS with the sampling locations and table 1 indicates how these are grouped together for later 

analysis. To evaluate spatial variation, 2 transects were followed. The first one parallel to the 

coastline and near the mouths of the harbours of Nieuwpoort (NP), Oostende (OO) and Zeebrugge 

(ZB), and the second one perpendicular thereupon, approximately across the centre of the BPNS. 

This way, the sampling locations also include a variety of substrate types. Sampling area “Zeebrugge” 

was divided into ZB1 and ZB2 depending on the proximity to the entrance to the port. Samples were 

collected in March, May, and October 2013, March 2014, and March 2015. However, in the autumn 

of 2013, sprat was caught at only 1 location. Research vessels (RV) Belgica and Simon Stevin 

performed sampling using an 8 m or 4 m beam trawl net with 22 mm mesh width. All animals were 

killed immediately after sampling and thus were not subjected to gut depuration. All samples were 

preserved in technical grade ethanol except for those collected in March 2014, which were preserved 

in aluminium foil at -20°C. This resulted in a total sample size of 111 fish from 16 different locations 

of which 7 were sampled in both spring 2013 and 2014. Each time, 5 individuals were collected, with 

exception of those locations where less than 5 fish were caught (4 at WO3, 3 at WO4 (May 2013), 4 

at MIC 3, 3 at 7002, and 2 at 230 (March 2014)). 

 

Figure 1: Map of the BPNS depicting sampling locations. How these are then grouped for further analysis can be found in 
table 1.  
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Table 1: How sampling locations are grouped per area for further analysis. 

Area Grouped sampling locations 

NP WO3, West 1, West 2, 120 
ZB1 WO1 
ZB2 WO4, 7002 
 OO WO2, 1401, 1402, 130 
OO1 230 
OO2 MIC2 
OO3 MIC3 
OO4 MIC4 
OO5 830 

Microplastic analysis 
Microplastics were extracted using an acid digestion method adapted from De Witte et al. (2014) and 

Devriese et al. (submitted). For each sampling site in a given period, one destruction batch was 

completed. This comprised 5 sprat stomachs and 3 blank control analyses to quantify contamination. 

All laboratory equipment was rinsed with acetone before use, and rigorous precautions were taken 

throughout the entire procedure to avoid contamination. This includes filtration (VWR, Grade 310; 

retention of 10-20 µm) of all solvents before use, and keeping everything covered with clock glasses 

whenever possible. Direct contact with sample and filters was avoided, as was the use of plastic wash 

bottles. All actions, prior to microscopic observations, took place at room temperature in a fume 

hood which was kept closed as much as possible.  

Weight (W) and full length (L) of fish were measured, after which individuals were dissected in an 

inox dish and stomach was weighed separately. After rinsing with 25ml filtered demineralized water, 

each stomach was put in a separate glass beaker, which was immediately covered with a clock glass. 

Per gram of tissue, 5ml acid solution was used for optimal overnight digestion. A mixture of nitric 

acid (VWR, 68%, HNO3) and perchloric acid (VWR, 65%, HClO4) HNO3:HClO4 (4:1 v:v) was used for 

this purpose. The following morning, the digest was boiled and diluted with filtered demineralized 

water (10 times as much as amount of initial acid mixture). The solution was boiled again until tissue 

was dissolved entirely (visual inspection). Simultaneously, an identical procedure was followed for 

the blank analyses but without any tissue. The amount of acid mixture used for blanks was based on 

the average amount used for the samples of the destruction batch. Following a cool-down period of 

3 minutes, the digest was filtered over a qualitative filter (VWR, Grade 310; retention of 10-20 µm) 

and filter was transferred to a closed glass petri dish for transport and subsequent analysis under a 

stereomicroscope (Leica M 205c (M 20:5:1 zoom)). All observed microplastics were classified by 

colour and shape (sphere - fibre - irregular fragment - film), measured (length, Leica DFC 490, LAS 

v4.5) and suspicious particles were verified as plastic by hot needle (Devriese et al. 2015, submitted).  

Prior to this hot needle test, all particles were photographed (with Leica DFC 490). Type of synthetic 

polymer was not identified in this research. 

Data analysis 

Microplastic analysis 

Results were evaluated after mitigation for analytical contamination, tested by the procedure blanks. 

Therefore each batch (5 fish +3 blanks) was analysed individually and when very similar (type and 

colour) plastics were found on  both sample filters and blank filters, this type of plastic was 



 
14 

considered to be contamination and left out of observation results  for further analysis. Average (± 

standard deviation) amount of all types of microplastics, and of microfibres alone, is calculated for 

each batch and expressed per fish. 

Condition 

Fulton’s condition factor K, evaluates the general health condition of fish. It is assumed that heavier 

fish of a certain length are in better condition compared to lighter fish of the same length (Lambert & 

Dutil. 1997).  

K= W/L³ *100 (Fulton, 1904). 

With W= wet weight of whole fish in grams, L= full length of fish in cm 

Statistical analysis 

Prior to statistical analysis, locations were grouped per area in order to detect spatial differences, as 

depicted in table 1 above, and grouped by sampling period (month) to detect potential temporal 

variation. Average Fulton’s index was compared in this way by using Analysis of Variance (ANOVA). 

The same was done for mean length, but since the assumptions for ANOVA were not met, the non-

parametric Kruskall-Wallis test was used. Total amount of ingested microplastics (all types) and total 

amount of ingested microfibres, were analysed in the same way using ANOVA to identify potential 

spatial and/or temporal variation in plastic uptake by sprat in the BPNS. 

Statistical analysis was performed in Statistica V12.5. Results were considered significant when a p-

value of less than 0.05 was obtained. All means were expressed ± standard deviation. 
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Materials and methods – PAH uptake by Carcinus maenas  

Sampling and acclimation 
Carcinus maenas individuals were caught by towing a net on 28th of October 2014 in Ostend, 

“Oosteroever” (51.238977° N, 2.929956° E, Belgium, see figure 2). Crabs were held in a tank until the 

start of the experiment and fed pieces of sprat and whiting thrice a week. Test organisms were 

selected based on bodyweight (WW, minimum 24g), lack of parasites and not visibly injured. In each 

aquarium of 45 l, four test organisms were placed, separated from each other by a partition, through 

which water could flow freely, and a lid was placed on top of the aquarium so crabs could not crawl 

into other compartments. All aquaria contained natural seawater of 13.5°C while room temperature 

was controlled at 15°C. Organisms were allowed to acclimatise to these conditions for one week 

before start of the experiment.  

 

Figure 2: Satellite image of beach and harbour of Ostend showing sampling location of C. maenas individuals (star) at 
“Oosteroever”. (Adapted from Google Maps.) 

Preparation of microplastics 
Orange dolly rope was cut into small pieces (< 10mm) and left overnight in a freezer at -80°C before 

grinding by Ultra Centrifugal Mill ZM 200 (6000 rpm, 0,50mm sieve) to obtain microplastics ( length: 

250-500µm).  

To load PAHs onto microplastics, 180 mg of grinded dolly rope was loaded with 50 µl of a stock 

solution containing approximately 100 ppm (exact values: see table 2) of each of the following 6 

PAHs: phenanthrene, fluoranthene, pyrene, 6-methylchrysene, indeno(123cd)pyrene and 

benzo(a)pyrene in hexane (CPAchem Ltd). Loading efficiency was preliminary tested, as described in 

appendix III. 
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Table 2: Exact concentrations (in ppm) present in stock solution of each analysed PAH. 

PAH Concentration (ppm) 

Phenanthrene 100.35 

Fluoranthene 100.15 

Pyrene 99.89 

6-methylchrysene 100.11 

Indeno(123cd)pyrene 101.2 

Benzo(a)pyrene 100.14 

Preparation of feed cubes 
Feed cubes were prepared maximum two weeks in advance. Per 28 cubes, 24 were used as feed and 

4 to analyse PAH-levels in feed. For this purpose, approximately 20 shrimp pellets and 30 to 40 g of 

beheaded sprat (5 to 6 fish) and peeled brown shrimp (maximum 5 shrimp) were mixed (Ultraturax) 

to become a paste. When necessary, 312 µl PAHs stock solution was added at this point and left in 

the fumehood during 1 hour to evaporate hexane. An overview of which treatment groups received 

which additives in the feeding cubes, is given in Table 3. After soaking the gelatine leaves (Dr. Oetker 

Gold extra Gelatine Sheets) in cold water for 10 minutes, 3.5 wringed leaves were added with 18ml 

of hot water and everything was mixed again into a homogenous paste. The paste was then poured 

into a mould and microplastics were added in the middle if required. Microplastics were never added 

to the 4 feed cubes meant for analysis. Cubes were kept in glass petri dishes in the fridge (1-7°C) until 

time of feeding, or in the freezer until homogenisation and analysis by gas chromatography – mass 

spectrometry (GC-MS) (4 cubes for analysis). 

Experimental setup  
The experiment consisted of a T0  group, killed before start of experiment, and five treatment groups: 

(1) negative control, (2) negative control + microplastics, (3) positive control, (4) positive control + 

microplastics and (5) a group that received PAH-loaded microplastics (see table 3). Groups 1 and 2 

were not exposed in any way to PAH’s while groups 3, 4, and 5 were the subject of exposure. Each 

group contained 8 individuals at the start of the experiment to anticipate possible deaths and have at 

least 5 individuals per treatment to complete the exposure. Exposure lasted for 3 weeks, followed by 

a 2 week depuration period to remove microplastics from the body (based on Watts et al., 2014). 

Organisms which deceased during the experiment, were weighed and conserved in the freezer (-

20°C). Only few males were available resulting in 2 to maximum 3 male individuals for each 

treatment group. For each exposed crab (group 5), 180mg loaded microplastics was prepared. 

Leftover plastic was weighed at the end of the experiment to determine the exact amount added to 

feed. Per 28 feeding cubes meant for the positive control groups (3 and 4), 4 cubes were destined for 

chromatographic analysis to determine the exact amount of PAH’s fed to test organisms. Mass (g) 

was written down before storing these in the freezer. Throughout the experiment, animals were fed 

1 feeding cube each Monday, Wednesday, and Friday and total weight (g) of feeding cubes per crab 

was noted. This resulted in 9 feeding days during the 3 weeks of exposure. Seawater renewal 

occurred before each feeding session and all wastewater that might contain microplastics was 

filtered (Lofwind filter cartridge, polypropylene core and winding, fineness: 1µm, length: 125mm) 

before disposal. Prior to this water renewal, a rough estimate (three categories: 0%, 50% or 100%) 

was made about how much of the feeding cube the crab had consumed. In the subsequent 

depuration period (2 weeks), all crabs received feed cubes without supplements. Following this 



 
17 

depuration period, all remaining test organisms were weighed, put in separate zip lock bags and 

euthanized by freezing (-20°C). Crabs remained in freezer until start of chromatographic analysis (GC-

MS). 

Table 3: Overview of different feed supllements according to treatmentgroup. (V = present in feed.) All contain sprat, 
brown shrimp, shrimp pellets, water and gelatine.  

 PAH in feed 
(100µl per 9 
cubes) 

Microplastics  in feed 
(clean, ± 180mg/ 9 cubes) 

Microplastics loaded with 
PAH (± 180mg/ 9 cubes) 

(1) Negative control, no 
microplastics 

- - - 

(2) Negative control, 
with microplastics 

- V - 

(3) Positive control, no 
microplastics 

V - - 

(4) Positive control, with 
microplastics 

V V - 

(5) Loaded microplastics - - V 

 

Chromatographic analysis - Gas Chromatography–Mass Spectrometry 
Analysis of PAHs in the tissue and feeding cubes was based on De Witte et al. (2014). To analyse crab 

for PAHs, sample preparation commenced by freeze-drying the soft tissue (fig. 3) as recommended 

by JAMP guidelines for monitoring contaminants in biota (OSPAR 2010b). This was done by a 

Freezone 6 plus freezedryer (Labconco) at -40°C (vacuum 0.52 mbar) for approximately 2 days.  

 
Figure 3: Sketch of crab with opened carapace. Soft tissue of the crab included stomach, heart, and digestive gland, but 

not the gills. (Adapted from ILVO procedure AVLPM003.) 

Sample extraction was done by means of accelerated solvent extraction (Dionex, ASE350). Cells of 22 

ml were filled with 2,5g florisil (Merck, 0.150–0.250 mm), dried extract (0.6-0.7 g of crab tissue or 

0.25-0.3 g of dried feeding cubes) and filled to the brim with diatomaceous earth (Sigma Aldrich, 

Celite 545) followed by the addition of a 10µl stock solution with recovery standards (RS) against 

which quantification was performed. The stock solution contained anthracene (d10) (35.55 ppb), 

pyrene (d10) (33.75ppb), benzo(a)anthracene(d12) (34.12 ppb), benzo(a)pyrene (d12) (30.40 ppb), 

and indeno(123cd)pyrene(d12) (33.17 ppb).  This solution was dissolved in iso-octane and purchased 

from LGC-standards. Extraction was done with a 3:1 mixture of hexane (Merck, Suprasolv, 

P98.0%):acetone (Biosolve, Pesti-S, P99.9%) at 100°C during 3 cycles with 5 minutes static time each. 

The extract was evaporated to a volume of 1ml in a Turbovap II evaporator (Caliper LifeSciences) and 

eluted with 15 ml of hexane on a glass column filled with 2.0 g of aluminiumoxide (Merck, Aluminium 

oxide 90 active basic, deactivated with 10% of type 1 water prior to use), followed by a second 

evaporation to 1 ml. Extract was eluted with 28ml of hexane on a glass column filled with 1g silicon 
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oxide (Merck, Silica gel 60, conditioned with 10ml hexane prior to use). Subsequent evaporation to 

0.5ml was followed by addition of 2ml iso-octane (Merck, Lichrosolv, P99.0%) and again, evaporation 

to 0.5ml. After addition of 10µl stock solution with deuterated chrysene (D12) (30.17 ppb) as internal 

standard (IS), this volume was kept in a vial in a refrigerator at 4°C until analysis by GCMS. 

Within 3 days, 5µl of sample was injected on an Agilent 7890A GC equipped with a PTV-injector with 

glass bead liner (Gerstel, 6495-U) and temperature programmed from 80°C to 320°C. Helium (Air 

Liquide, Alphagaz 2) was used as carrier gas at a constant flow of 2.2 ml/min, while separation was 

done by a select PAH column (Agilent, 30 m, 0.25 mm, 0.25 lm). Oven temperature was programmed 

at 50°C for 1.05 min, followed by an increase of 40°C/min to 70°C, 35.5°C/min to 180 °C, 3.55 °C/min 

to 230 °C held for 13.8 min, further rise with 25.36 °C/min to 280°C which was held for 13.8 min and 

a final 15.22°C/min increase to 325°C which was held for 2 min. The Agilent 5975C MS-detector, with 

electron impact ionisation in single ion mode with transfer line temperature at 340 °C, ion source 

temperature at 300°C, and quadrupole temperature at 150 °C, was used for actual detection of the 

following 6 compounds: phenanthrene, fluoranthene, pyrene, benzo(a)pyrene, 

indeno(123cd)pyrene, and 6-methylchrysene. All of which were present in the used stock solution 

(see table 2 above, CPAchem LTD). 

Data analysis 

Calculations and statistical analysis. 

Based on the results of the GC-MS, PAH-uptake was calculated. Total amount of feed (g) given to 

each test organism and concentrations (ng/g) of PAH’s in corresponding analyzed feed cubes were 

taken into account as well as the whole body soft tissue w.w. of individuals, and percentages dry 

weight. The uptake was calculated with and without taking into account the estimated amount (%) 

the crabs ate, or number of survived feeding sessions. PAH concentrations detected in tissue of 

exposed groups (3, 4 and 5) were corrected by subtracting the average concentration present in the 

matching negative control group (1 and 2; 1 and 3 were matched (no plastics), and 2 was matched 

with both 4 and 5 (plastics present)). 

As assumptions for ANOVA were not met, the non-parametric Kruskall-Wallis test was used to 

compare results. When this resulted in a significant p-value, pairwise comparisons were done using 

Wilcoxon rank sum test with Bonferroni correction. Statistical analysis was performed in R Studio. 

Significance level was set at p < 0.05 and all means were expressed ± standard deviation. 
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Results – Microplastic ingestion by Sprattus sprattus in the Belgian 

Part of the North Sea 

Health condition of fish 

The health condition of analysed S. sprattus was investigated. No significant difference was observed 

in body length between the different sampling areas (Table 4) (Kruskall Wallis, p > 0.484) nor 

between sampling periods (Table 5) (Kruskall Wallis, p > 0.134). 

Analysis of Fulton index revealed two significant differences. The first one revealed a significantly 

lower K-value in area ZB1, compared to other areas (ANOVA, p =7.3*10-4) (see Table 5), while the 

second demonstrated a significant temporal variation (ANOVA, p < 1*10-6) in Fulton index for sprat of 

the BPNS. Sprat caught in March 2014 had a significantly higher K-value (0.610± 0.062) when 

compared to other sampling periods. When a comparison was made between Fulton index of fish 

that had ingested microplastics, and fish that had not, this revealed no significant impact of plastics 

intake on condition of fish (p = 0.852). 

Microplastics 

Mitigation of contamination 

Nearly all analytical contamination measured within the procedure blank consisted of microplastic 

fibres (only 1 sphere was found in a single blank analysis). Colours most found on filters of blank 

procedures were black, blue, and red (black >> blue >>>>> red), which is consistent with 

contamination in analysis by Devriese et al. (submitted) and De Witte et al. (2014). Black and blue 

fibres on the procedural blank filters were thought to have originated from synthetic clothing during 

analysis. Results for the analysed fish stomachs were corrected for procedure blank contamination as 

described above (Materials and Methods). 

Due to this cautious approach, overestimation of microplastic presence is avoided. Some 

underestimation may occur on the amount of nylon fibres since the use of HNO3 and HClO4 in high 

concentrations has a detrimental effect on nylon fibres (Claessens et al., 2013). Furthermore, due to 

particle retention of 10-20 µm of the used filters, it is impossible to make any assumptions on micro- 

and nanoplastics smaller than 20µm. 

Ingested Microplastics 

Of the 111 fish examined, 43 (38.74%) had ingested microplastics. When only fibres are taken into 

account, 38 (34.23%) individuals had ingested these microscopic fibres ranging from 97 µm to 4,869 

µm. Main colours observed after mitigation of analytical contamination are blue, red, yellow (or 

orange), green, and purple fibres. These are observed respectively 12, 10, 7, 6 and 5 times. In 

comparison only few transparent plastics were found, which is surprising given the selective feeding 

strategy of sprat on zooplankton and the hypothesis (Shaw and Day, 1994; de Sà et al., 2015). From 

time to time, entangled fibres were found, a phenomenon never observed in filters on blank analysis 

(see figure 4). Uptake of other types of microplastics seems to be rare. Only 4 fish (3.60%) ingested 

granules (figure 5), and 3 individuals (2.70%) had swallowed pieces of film. All pieces of plastic film 

observed were translucent. No microplastic spheres were found in analysed fish. However, due to 

particle retention of 10-20 µm of the used filters, it is impossible to make any assumptions on micro- 
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and nanoplastics that are smaller than 20µm. Acid digestion of tissue was complete as none of the 

filters showed any remaining tissue, although some accumulations of fat were observed.  

 

Figure 4: Entangled fibres as observed in sample 1402 (left, OO, March 2014) and 830 (right, OO5, March 2013). 

 

Figure 5: Blue plastic granule as found at location MIC 2 (area OO2, left), yellow fibre (location 120, area NP) after hot-
needle test (right). 

In total, 64 microplastics were found, of which 50 were classified as fibre (figure 6), resulting in an 

overall average of 0.58 ± 0.88 microplastics/ individual or 0.45 ± 0.74 microplastics/ individual when 

only fibres are taken into account. A very high individual variation on ingestion is revealed by the 

standard deviation. At OO1 (March 2014) the highest average number of microplastics/individual 

was observed (2.5 ± 0.71 microplastics/individual). However, this sample only consisted of 2 

individuals. Second highest average (1.5 ± 1.91microplastics/individual) was found at OO3 in March 

2014. When only those organisms that had ingested plastics were taken into account, an average of 

1.49 ± 0.8 microplastics/individual was found or 1.32 ± 0.66 when only fibres are considered. 

Spatial and temporal patterns in ingestion 

No significant difference was measured between plastic ingestion in the analysed areas (figure 1 and 

table 1 in Materials & Methods). Neither for all types of microplastics (ANOVA, p=0.325), nor when 

only fibres were considered (ANOVA, p=0.065). An attempt was made to identify temporal patterns 

in ingestion between the different sampling campaigns. As the results above indicated no spatial 

effects on microplastic content, all sampled areas on the BPNS could be considered as 1 sampling 

location, and no subdivision into areas has to be made for this analysis. Samples were grouped per 

sampling period: March 2013, May 2013, October 2013, March 2014 or March 2015 and compared 

by ANOVA. This revealed no significant temporal variation in the ingestion of all types of 

microplastics (p=0.887, figure 7), nor in the ingestion of fibres alone (p=0.932). Table 5 shows 

average number of microplastic present in fish ± sd for each period of sampling. 
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Table 4:  Average body length in cm, average wet weight (w.w.) in g, average condition factor (K), average microplastics content (all types) per individual, average microplastics content for 
each type separately (fibre, granule, film) per individual and the size range in mm of these plastics respectively, and the total number of assessed sprat is presented for each sampling area. 
All means are expressed ± SD. 

Sampling 
Area 

Average 
Length(cm)  

Average w. w. 
(g)  

Average K  Number of 
microplastics / 
fish (all types)  

Number of 
fibres / fish  

range length 
fibres (mm) 

Number of 
granules / fish   

range length 
granules (mm) 

Number of film 
/ fish   

range length 
film (mm) 

Number 
individuals 

NP 9.8 ± 1.8 5.571 ± 
3.100 

0.493 ± 
0.083 

0.559 ± 
0.786 

0.412 ± 
0.657 

0.153 - 
4.869 

0.088 ± 
0.379 

0.063 - 
0.32 

0.059 ± 
0.343 

0.155 - 
0.160 

34 

OO 10.3 ± 1.3 5.980 ± 
2.480 

0.561 ± 
0.082 

0.520 ± 
0.823 

0.440 ± 
0.651 

0.236 - 
2.625 

0.080 ± 
0.400 

0.100 - 
0.400 

0.000 ± 
0.000 

- 
25 

OO1 10.7 ± 1.0 7.193 ± 
1.844 

0.576 ± 
0.031 

1.000 ± 
1.155 

1.000 ± 
1.155 

0.100 - 
2.960 

0.000 ± 
0.000 

- 0.000 ± 
0.000 

- 
7 

OO2 9.9 ± 0.8 5.326 ± 
1.743 

0.531 ± 
0.067 

0.200 ± 
0.447 

0.000 ± 
0.000 

- 
0.200 ± 
0.447 

0.157 0.000 ± 
0.000 

- 
5 

OO3 10.0 ± 0.9 5.793 ± 
2.012 

0.571 ± 
0.097 

0.889 ± 
1.364 

0.222 ± 
0.441 

0.281 - 
0.480 

0.000 ± 
0.000 

- 
0.667 ± 
1.414 

0.176 - 
0.317 

10 

OO4 10.5 ± 0.9 7.013 ± 
1.618 

0.598 ± 
0.099 

0.200 ± 
0.422 

0.200 ± 
0.422 

0.437 - 
4.057 

0.000 ± 
0.000 

- 
0.000 ± 
0.000 

- 
10 

OO5 10.8 ± 0.8 6.228 ± 
1.007 

0.5 ± 0.047 1.200 ± 
1.643 

1.200 ± 
1.643 

0.300 - 
1.460 

0.000 ± 
0.000 

- 
0.000 ± 
0.000 

- 
5 

ZB1 10.3 ± 1.1 4.748 ± 
1.411 

0.434 ± 
0.050 

0.800 ± 
0.837 

0.800 ± 
0.837 

0.200 - 
2.200 

0.000 ± 
0.000 

- 
0.000 ± 
0.000 

- 
5 

ZB2 9.5 ± 1.1 4.868 ± 
2.166 

0.529 ± 
0.089 

0.364 ± 
0.504 

0.364 ± 
0.504 

0.097 - 
1.411 

0.000 ± 
0.000 

- 
0.000 ± 
0.000 

- 
11 
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Table 5:  Average body length in cm, average wet weight (w.w.) in g, average condition factor (K), average microplastics content (all types) per individual, average microplastics content for 
each type separately (fibre, granule, film) per individual and the size range in mm of these plastics respectively, and the total number of assessed sprat is presented for each sampling 
period. All means are expressed ± SD. 

Sampling Period Average 
Length(cm)  

Average w. w. 
(g)  

Average K  Number of 
microplastics / 
fish (all types)  

Number of 
fibres / fish  

range length 
fibres (mm) 

Number of 
granules / fish   

range length 
granules (mm) 

Number of film 
/ fish   

range length 
film (mm) 

Number 
individuals 

March 2013 10.0 ± 1.2 5.547 ± 
2.167 

0.513 ± 
0.066 

0.625 ± 
0.925 

0.500 ± 
0.816 

0.152 - 
4.869 

0.125 ± 
0.463 

0.063 - 
0.400 

0.000 ± 
0.000 

- 40 

May 2013 9.8 ± 1.4 4.442 ± 
1.740 

0.451 ±  
0.057 

0.412 ± 
0.618 

0.412 ± 
0.618 

0.200 - 
2.200 

0.000 ± 
0.000 

- 0.000 ± 
0.000 

- 17 

October 
2013 

10.8 ± 0.8 5.898 ± 
0.936 

0.518 ± 
0.065 

0.600 ± 
0.894 

0.600 ± 
0.894 

0.584 - 
4.869 

0.000 ± 
0.000 

- 0.000 ± 
0.000 

- 5 

March 2014 10.4 ± 1.2 7.169 ± 
2.429 

0.610 ± 
0.062 

0.590 ± 
0.966 

0.436 ± 
0.754 

0.097 - 
4.057 

0.000 ± 
0.000 

- 0.154 ± 
0.709 

0.176 - 
0.317 

40 

March 2015 8.9 ± 2.1 3.874 ± 
2.429 

0.446 ± 
0.075 

0.600 ± 
0.843 

0.300 ± 
0.483 

0.169 - 
0.400 

0.100 ± 
0.316 

0.32 0.200 ± 
0.632 

0.155 - 
0.160 

10 

 

Figure 6: Different types, and their percentage of total, of microplastics found in S. sprattus.  Figure 7: Total number of microplastics versus date. ANOVA, p= 0.887.
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Results - PAH uptake by Carcinus maenas  

General conditions 
Throughout the exposure experiment of Carcinus maenas to PAHs, and subsequent depuration time, 

relevant parameters were frequently measured: temperature was checked every day while 

concentrations of ammonium, nitrite, nitrate and pH were measured once a week before medium 

renewal. Values can be found in Table 6. 

Table 6: Average ± SD, minimum, and maximum vallue of environmental parameters controlled during the experiment. 
No average value can be given for nitrite and nitrate as test resulted in a range-indication instead of exact values. 

 Average ± SD Minimum Maximum 

Water temperature (°C) 14.1 ±0.5 13.5 15 
Room temperature (°C) 15 ± 0.0 15 15 
pH 8.16 ± 0.04 8.09 8.31 
Ammonium (ppm) 2.2 ± 0.6 1 3 
Nitrite (ppm)  - 0.25 1 
Nitrate (ppm) - 10 25-50 

 

PAH’s were clearly present in all tested feeding cubes, with an average concentration of 938.2 ng/g 

feed for each individual PAH, but ranging from one exceptionally low detection of 241.3 ng/g 

benzo(a)pyrene, to 1605.7 ng/g indeno(123cd)pyrene (both in 1 week feed for treatment group 3). 

Feed consisted on average of 18.68 ± 1.296 % dry matter, while crab tissue contained on average 

24.81 ± 6.614 % dry weight. 

Analysis of whole body soft tissues 
At the end of the experiment (incl. depuration period), the concentrations of the six selected PAHs 

(phenanthrene, fluoranthene, pyrene, 6-methylchrysene, benzo(a)pyrene, and indeno(123cd)pyrene) 

were measured in the soft tissues. Mean PAH-levels in control groups were subtracted from the PAH 

concentrations in exposed crabs as described in the Materials and Methods section. From time to 

time, this blank subtraction resulted in negative values due to high interindividual variation and low 

uptake. Based on these values, percentage of uptake (Table 8) was calculated in relation to the 

administered dose of the respective PAHs. Selected PAHs were divided into light environmental 

PAHs: phenanthrene, Fluoranthene and Pyrene (respectively containing 3, 4 and 4 rings), a non-

environmental PAH: 6-methylchrysene containing 4 rings, and heavy environmental PAHs: 

benzo(a)pyrene and indeno(123cd)pyrene (respectively containing 5 and 6 rings).  

Concentration ranges can be found in table 7 (below), while average concentrations can be found in 

table 11 within appendix IV. As was expected, none-exposed animals did not contain any detectable 

6-methylchrysene as presence of this compound is not reported on the Belgian Continental Shelf 

although the compound is included in the ILVO method for PAH analysis in marine sediments and 

marine biota. Concentrations of all PAHs ranged widely indicating a high variation between 

individuals. The light, environmental PAHs were often present in none-exposed organisms while this 

was only seldom the case for heavy PAHs (only one crab in group 1 and two crabs in group 2 

demonstrated minute presence of benzo(a)pyrene). 
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Focussing on the light, environmental PAHs, only the levels of pyrene differed significantly between 

treatment groups (Kruskall-Wallis, p= 3.2*10-2). The post-hoc pairwise Wilcoxon test, however, could 

not reveal between which groups these significant differences occurred, while data seems to indicate 

concentrations in group 4, positive control with microplastics, are elevated compared to the other 

groups (table 11 in appendix IV). Data also indicates that group 3, a group of exposed crabs, has 

lower average concentration of pyrene compared to the other treatments, including those not 

exposed during the experiment. 

Kruskall-Wallis tests of the non-environmental and heavier PAHs, revealed significant differences 

between groups (6-methylchrysene: p=1.7*10-5, benzo(a)pyrene: p=1.3*10-2, and 

indeno(123cd)pyrene: p=1.9*10-3). Post-hoc pairwise comparison by Wilcoxon tests revealed that 

crabs in treatment groups 3 and 4 contained significantly higher amounts of 6-methylchrysene 

compared to their matching control groups and to T0 (all p-values =0.018). Surprisingly, the last 

treatment group (5, loaded microplastics) did not reveal statistically higher concentrations of the 

non-environmental PAH. The two heavy PAHs did not result in significant values when post-hoc 

testing was done. Data indicates however that indeno(123cd)pyrene-levels are indeed higher in the 3 

exposed groups (3, 4, and 5). The same seems to be true for benzo(a)pyrene as well, although to a 

lesser extent. 

Table 7: Range of concentrations (g/kg) of PAHs measured in soft body tissues at the end of the experiment (incl. 
depuration time) after correction by blank subtraction. Only organisms that survived al 9 feeding sessions are taken into 
account. 

Treatment group Phenanthrene 
(g/kg) 

Fluoranthene 
(g/kg) 

Pyrene 
(g/kg) 

6methylchrysene 
(g/kg) 

Benzo(a)pyrene 
(g/kg) 

Indeno(123cd)pyrene 
(g/kg) 

(0) T0 4.738  
- 

31.445 

0.811  
- 

16.129 

0.560 
- 

16.142 

0.000  
- 

0.000 

0.000  
- 

0.000 

0.000  
- 

0.000 
(1) Negative 
control, no 
microplastics 

5.980  
- 

49.326 

1.015  
- 

12.608 

0.000 
- 

45.357 

0.000  
- 

0.000 

0.000  
- 

0.132 

0.000  
- 

0.000 

(2) Negative 
control, with 
microplastics 

0.000  
- 

 27.815 

0.121  
- 

8.423 

0.000 
- 

11.765 

0.000  
- 

0.000 

0.000  
- 

0.209 

0.000  
- 

0.000 

(3) Positive 
control, no 
microplastics 

-9.678 
- 

20.473 

-1.984 
 - 

13.734 

-7.516 
- 

10.127 

0.000  
- 

 29.007 

-0.017  
- 

 8.898 

0.000  
- 

 28.680 

(4) Positive 
control, with 
microplastics 

-3.678  
- 

 36.498 

-0.899  
- 

 12.474 

-2.183 
- 

15.871 

0.000  
- 

 31.608 

-0.032  
- 

 2.091 

0.000  
- 

 27.268 

(5) Loaded 
microplastics 

-6.514  
- 

 56.177 

-2.160  
- 

 16.812 

-2.334 
- 

22.853 

0.000  
- 

 30.992 

-0.032  
- 

 1.586 

0.000  
- 

26.952 

 

Table 8: Average percentage of uptake of PAHs. Only organisms that survived al 9 feeding sessions are taken into 
account. All means are expressed ± SD. 

Treatment group Phenanthrene 
(%) 

Fluoranthene 
(%) 

Pyrene 
(%) 

6methylchrysene 
(%) 

Benzo(a)pyrene 
(%) 

Indeno(123cd)pyrene 
(%) 
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(3) Positive 
control, no 
microplastics 

0.238 ± 
0.577 

0.086 ± 
0.175 

-0.116 
± 0.222 

0.658 ± 
0.923 

0.054 ± 
0.076 

0.220 ± 0.361 

(4) Positive 
control, with 
microplastics 

0.602 ± 
0.809 

0.213 ± 
0.282 

0.205 ± 
0.360 

0.598 ± 
0.574 

0.019 ± 
0.027 

0.280 ± 0.380 

(5) Loaded 
microplastics 

0.608 ± 
1.275 

0.218 ± 
0.529 

0.298 ± 
0.702 

0.142 ± 
0.290 

0.025 ± 
0.041 

0.427 ± 0.805 
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Discussion - Microplastic ingestion by Sprattus sprattus in the Belgian 

Part of the North Sea  

Health condition of fish 
Only in the area of ZB1, the Fulton index of sprat was significantly (ANOVA, p =7.3*10-4) lower 

compared to other investigated areas. As can be seen in figure 1 and Table 1 (in Materials and 

Methods), location ZB1 is very close to the mouth of the port of Zeebrugge. Such a location is likely 

to be more prone to disturbance and pollution, possibly affecting the overall condition of fish. 

Unfortunately this research did not include toxicological analysis which might provide evidence for 

such a hypothesis. A temporal variation in Fulton index was detected between the different sampling 

campaigns. Sprat caught in March 2014 seemed to be in better condition compared to those caught 

during other campaigns. This detected difference might however be due to a different preservation 

method (freezer versus ethanol) used for samples taken in March 2014. Besides potential influence 

of the preservation method, it is also possible that heavier fish in March 2014 represent better 

feeding efficiency and higher prey abundance in that period. It has to be taken into account that 

other seasons were under-sampled.  

Microplastic ingestion by S. sprattus 
This study reveals that 38.74% of analysed sprat from the BPNS had ingested microplastics with an 

average of 1.49 ± 0.80 particles per contaminated individual. The majority (78.13%) of these were 

fibres. This is in strong harmony with findings by Lusher et al. (2013) who reported that 38% of 

investigated pelagic fish in the English Channel had ingested microplastics at an average of 1.90 ± 10 

plastics per contaminated fish, and 68.3% of plastics were classified as fibres. Lower values of 10.7% 

(Rummel, 2014) and 5.4% (Foekema et al., 2013 – Southern North Sea) have been reported as well. It 

has to be taken into account that neither Lusher (et al., 2013) nor Rummel (2014) used an acid 

digestion phase which may have resulted in missing some plastics, especially in the low micrometre 

range (<150µm), and Foekema et al. (2013) only counted particles larger than 0.2mm and did not 

take into account any fibres, which make up almost 80% of plastics found in the present study. When 

only taking into account those fish that did ingest plastics, Foekema found approximately 1 plastic 

particle per fish. The high percentage of fibres and complete lack of spheres in the samples is in 

agreement previous studies on sediment (Claessens et al., 2011 and Vandermeulen et al., 2014). 

Claessens et al. (2011) concluded that synthetic fibres are the most abundant microplastics in the 

BPNS, while spheres were only found in the sediment of harbours. Furthermore, are fibres the most 

common type of microplastic contamination in blue mussels (2.6 to 5.1 fibres per 10g w.w. at groyne 

or quayside of Belgian coast, De Witte et al., 2014) and brown shrimp in the BPNS (Devriese et al., 

submitted). 

Polymer type was not identified in this study, but plastics are likely to come from various sources. 

The high prevalence of orange fibres could be attributed to fisheries activities as hypothesized by De 

Witte et al. (2014), but further research is needed to confirm this, especially when the estimation by 

Andrady (2011) that 80% of plastics in the oceans originate from land (litter, domestic wastewater 

including laundry, and other sources of landbased pollution) is taken into account. Nonetheless, a 

decrease in the amount of dolly rope necessary in fisheries can only be encouraged, and a reduction 

of up to 50 % might be possible by using a newly developed, more durable type of dolly rope 

(Bekaert et al., 2015). 
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Only fish stomachs were investigated, which are removed prior to human consumption, so the 

results cannot be used to make interpretations towards human health.  No significant effect of 

plastic ingestion on the Fulton index was observed. Even though no immediate concerns over fitness 

arise, the adsorbance of various chemicals and POPs to the surface of plastics (Vandermeulen et al., 

2014; Gauquie et al., submitted; Teuten et al., 2007, 2009; Cole et al., 2011) has to be taken into 

account. It is likely the ingestion of plastic increases the chemical burden on the fish, potentially 

having deleterious effects on a longer term. This may result in a bioaccumulation of toxins. Especially 

as sprat is considered a forage fish and contamination may thus have enlarged effects higher up in 

the food web. 

Spatial and Temporal patterns in uptake 
Although there seem to be spatial patterns in the microplastic contamination load in the sediments 

of the BPNS (harbours versus off shore sites, Claessens et al., 2011), no such patterns are revealed by 

the results of this study. However, it has to be taken into account that sampling did not occur inside 

harbours, but in 2 transects as described above. Previous study by Foekema and colleagues (2013) 

did reveal spatial patterns on a much larger scale, as plastic uptake is significantly higher in the 

Southern- compared to the Northern North Sea, which is in accordance to higher local pollution 

levels.  Even though pelagic fish are very mobile animals compared to benthic organisms, the 

abundant presence of sand in certain stomachs indicates the content is indeed indicative for the 

location of catch, as this only occurred in samples taken on locations with a sandy bottom. 

No significant temporal patterns in ingestion were detected between the different sampling 

campaigns. Based on the idea that seasons with higher rainfall lead to larger runoff volumes and thus 

a seasonally higher plastic input from land (Dantas et al., 2012), and the suggestion that there is a 

seasonal variation in litter transport towards certain coastal regions in the North Sea (Neumann et 

al., 2014), it seems interesting to test seasonality. However, this is nigh on impossible due to an 

unforeseen low sampling size in October 2013. Our results indicate uptake in autumn is similar to 

uptake in spring, but more data is needed to be certain. Furthermore, it has been demonstrated that 

litter is abundantly present at the bottom of the BPNS, but much less is known about its presence in 

the water column (Van Bogaert e al., 2014). While the data reveals no significant seasonal or inter-

annual patterns for plastic ingestion by sprat, brown shrimp do show a significant temporal pattern 

in plastic uptake in the BPNS (October > March) (Devriese et al., submitted). 

Recommendations 
To monitor plastic pollution adequately, monitoring efforts should comprise all levels of the water 

column. Thus far, birds (Northern fulmar (Fulmarus glacialis)) are evaluated in a consistent way by 

OSPAR (OSPAR, 2014) and a timeseries of data is available for this species. However, birds only pick 

plastics from the water surface and although this is where much of the plastic occurs, it tells us 

nothing about the intake of plastics by species living below the surface and the potential impact 

thereof. Therefore it might be wise to expand monitoring programmes to pelagic and benthic species 

as well. A widespread pelagic species that is easy to sample, such as sprat, would be ideal. Further 

advantages of sprat are its selective feeding behaviour, importance to fisheries and significance as a 

forage fish. Another candidate for focal species would be herring (Clupea harengus), a relative of 

sprat but with an even better distribution and abundance in the European waters. The addition of a 

benthic species (e.g. brown shrimp, blue mussel, flatfish dab) as well to this monitoring scheme 

creates a full vertical assessment of bioavailability of plastics. Sampling should not necessarily create 
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extra costs as this can be integrated in existing monitoring campaigns such as those for fish diseases 

(ICES, 2015). However, it has to be recognized that the methodology in this thesis to process 

samples, results in a heavy workload when used for large scale monitoring. This could be easily 

reduced by pooling all stomachs of 1 location or area prior to acid digestion. Even though this also 

deals with the problem of a relatively high inter-individual variation, caution is needed when making 

such decisions, as this will also result in a loss of individual information. No impact on condition 

(fulton index) has been detected thus far, but when pooling stomachs, linking such a potential 

reduction to plastic ingestion will be impossible. An analysis of external fish diseases, liver tissue or 

bile might result in valuable additional information on the chemical and/or toxicological burden the 

samples are under. Another potential addition to the study method, is calculation of the hepato–

somatic index (HSI) which is a sensitive way of measuring daily food uptake and can fluctuate due to 

stress. (Heidinger en Crawford, 1977)(Heath, 1995). Since neither temporal, nor spatial differences in 

uptake by sprat in the BPNS have been detected, it is no problem to count the entire BPNS as only 

one individual sampling point in the ICES monitoring. No matter which path is chosen, rigorous 

precautions are needed such as described in the M&M section above. An all-cotton dresscode – not 

just the lab coat - at any point when handling samples, may be advisable, as well as performing 

dissection in a clean-air cabinet. 
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Discussion - PAH uptake by Carcinus maenas 
Following the PAH exposure experiment on Carcinus maenas, concentrations of three relatively light 

environmental PAHs (phenanthrene, fluoranthene, and pyrene), a non-environmental PAH (6-

methylchrysene) and two heavy environmental PAHs (benzo(a)pyrene and indeno(123cd)pyrene) 

were determined in the soft body tissue of all test organisms. 

Although the anatomical definition of soft body tissues includes the muscles in the legs and claws of 

the crabs, muscle tissue from appendages was not analysed within this research. A choice based on 

the results of previous studies such as by James et al. (1995) in which it became clear that most of 

the residues of benzo(a)pyrene after oral administration to Homarus americanus could be found in 

the hepatopancreas (up to 75%) and concentrations there were 7 to 11 times higher than those 

found in the tail muscle. In a more recent study, Hoogenboom et al. (2015) concluded that the lion’s 

share of pollutants such as PCB’s, heavy metals and dioxins, were found in the main body and not in 

the appendages of the Chinese mitten crab. Furthermore, this method of GC-MS analysis is currently 

in use for the monitoring of PAH-levels in Liocarcinus Holsatus  from the BPNS.  

In case of the light PAHs, no difference was found for the different exposure groups for 

phenanthrene and fluoranthene while pyrene-levels revealed some significant differences between 

treatment groups. However, data indicates that only 1 treatment group (group 4, positive control 

with microplastics) contains higher levels compared to the non-exposed groups (T0 and negative 

control groups 1 and 2), while positive control without microplastics (treatment group 3) shows even 

lower levels of pyrene in the tissue compared to non-exposed groups. These results indicate that 

light PAHs, despite being present in the feed at high amounts, up to 1605.7ng/g, were not 

accumulated by the organisms in significant amounts. This seems not affected by the presence of 

plastics. It is unclear why accumulation did not occur and available information seems contradictory. 

On one hand, rapid metabolism of PAHs in C. maenas is reported. For example Watson et al. (2004) 

and Rodrigues et al. (2013) did reveal uptake of respectively waterborne pyrene and fluoranthene, 

followed by relatively rapid metabolism of these light PAHs. Watson et al. (2004) state that their 

fluorometric analysis of haemolymph and urine samples revealed no unchanged parent pyrene, but 

rather 3 metabolites that were excreted through urine. Pyrene uptake in soft tissue was, however, 

not analysed. Rodrigues et al. (2013) showed clear concentration dependant uptake of waterborne 

fluoranthene. The crabs in their experiment had been exposed for seven days and GC-MS analysis of 

their soft tissues revealed average fluoranthene levels ranging from 1.48 ± 0.04 ng/g dry weight 

(d.w.) for the non-exposed control group to 9.7 ± 0.52 ng/g d.w. for those exposed to concentrations 

of 100µg/l. However, they found higher levels of fluoranthene metabolites, indicating rapid 

metabolism. 

On the other hand, significant amounts of light PAHs were demonstrated in crab soft tissue at T0 and 

negative controls, even though crabs of this study had been removed from the marine environment 

and kept in a non-polluted tank for several months before start of the experiment. This indicates 

persistent uptake of these lighter PAHs. Rodrigues et al. (2013) also acknowledge that unexposed 

crabs contained 1.48 ± 0.04 ng fluoranthene/g d.w., which is still lower than background values in our 

study.  

When comparing concentrations of T0 and negative control crabs, concentrations of 3- and 4-rings 

PAHs are found higher in C. maenas than 5-and 6-rings PAHs. This is broadly in accordance with 
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results of national monitoring programmes in the BPNS. Those reveal that PAH-levels in mussels do 

not represent those in the sediment. Light PAHs are taken up disproportionally more than heavy 

PAHs (ecosystemdata.ices.dk; Dewitte et al., 2014). As C. maenas is known to predate on these 

mussels, this might explain the presence of light and absence of heavy PAHs in their tissue. Next to 

sediment and mussels, data about L. holsatus is available as well, indicating a higher presence of light 

PAHs (albeit lower than in C. maenas) compared to heavy PAHs. The cause of this discrepancy is 

probably of differences in chemical nature. The Octanol-Water partition coefficient (Kow) gives an 

indication of how hydrophilic or hydrophobic a given substance is. The larger the Log Kow values, the 

more hydrophobic and in general the easier such a substance can accumulate in fatty tissues. Table 9 

gives an overview of the log Kow values of the selected PAHs in this study. In the natural marine 

environment, this implies that light environmental PAHs are more related to the water column while 

heavy PAHs are relatively more sediment related according to Webster et al. ( 2006). So even though 

these heavy PAHs are more likely to bioaccumulate once ingested, organisms are in general less 

exposed to them (with exception of detritus feeders such as A. marina (marinebio.org)).  

In contrast to lighter PAHs, the positive controls for heavier PAHs revealed a significant increase in 

PAH concentration. Heavy PAHs are found at low concentrations in non-exposed animals, and are 

retained in the tissue in much larger amounts compared to the lighter PAHs. The results may also 

indicate these heavy PAHs are metabolised much slower compared to the light ones. An assumption 

confirmed by literature for benzoa)pyrene in another crustacean: American lobster.  James et al 

(1995) demonstrated that oraly adminstered benzo(a)pyrene is retained in soft tissue for a long time 

and suggests that this slow phase 1 metabolism is what protects the American lobster against PAH-

induced cancers. 

Table 9: Octanol-Water partition coefficient and number of rings of selected PAHs. (sources: www.epa.gov and 
www.ec.europa.eu) 

PAH log Kow Number of rings  

Phenanthrene 4.55 3 Light environmental 
Fluoranthene 5.12 4 Light environmental 
Pyrene 5.11 4 Light environmental 
6-Methylchrysene 6.07 4 Non-environmental 
Benzo(a)pyrene 6.11 5 Heavy environmental 
Indeno(123cd)pyrene 6.65 6 Heavy environmental 

 

Results of heavy PAH are in line with earlier research, applying an identical methodology in which 

Nephrops norvegicus was exposed to PCBs (Devriese et al., in preparation). N. norvegicus was fed the 

same type of jellified feed, spiked with PCBs and/or two types of plastics (PS and PE). In appropriate 

treatment groups, test animals received feed cubes spiked with PCB-loaded microplastics. A 

significant uptake of PCBs was detected in positive control groups (gelatin cubes with PCB’s and 

microplastics), and a lower, yet still significant, uptake was detected in the group exposed to PCB-

loaded PE spheres. No significant uptake was found in groups exposed to loaded PS spheres. The Kow 

values of PCBs used in that experiment were ranged from similar to those of the heavy PAHs, to 

higher Kow-values (Jäntschi  and Bolboacă, 2006), thus indicating that their chemical properties allow 

them to accumulate in tissue easier than the PAHs. 

http://www.epa.gov/
http://www.ec.europa.eu/
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Plastic-mediated uptake of PAHs 
When focussing on the impact plastics have on the uptake of PAHs, 2 main conclusions can be drawn. 

First, results, presented as percentage of uptake in table 8, suggest that uptake from loaded 

microplastics is slightly higher for environmental PAHs when compared to the positive control 

treatments (groups 3 and 4), but the difference is minuscule and not significant. This indicates that 

the microplastics have either no effect on the process of uptake and accumulation, or that the overall 

uptake is too limited to detect differences therein. Furthermore, average uptake ranging from 0.025 

± 0.041 % for benzo(a)pyrene to 0.608 ± 1.275 % is almost negligible and unlikely to have significant 

impact when this occurs at the concentrations currently prevailing in the marine environment. 

Second, we see that group 5 (PAH-loaded microplastics) was the only exposed group not to reveal a 

significant increase in 6-methylchysene. This is a surprising result as this non-environmental PAH is 

completely absent in non-exposed organisms. Results reveal a lower uptake of 6-methylchrysene in 

treatment group 5 compared to both positive control groups (Table 8 in “Results”, and table11 in 

appendix IV). This indicates there is almost no desorption from the loaded microplastics. Based on 

findings of previous research ( Hopkin and Nott, 1980;  Farrel & Nelson, 2013; and Watts, 2014), PAH-

loaded microplastic have a longer residence time in the gut compared to normal food items, 

however, it seems this is not enough to leach significant amounts of PAHs from the plastic surface for 

6-methylchrysene. This pattern is in contradiction with findings of the PCB-experiment that used the 

same methodology. In N. norvegicus a significant, but not critical, desorption from PE microplastics 

was observed, but not from PS microplastics (Devriese et al., in preparation). The chemical properties 

of PAHs seem to affect its ability to desorb from polyethylene. 

Further research is needed before strong statements can be made about the impact of plastics on 

the uptake of PAHs by C. maenas. This study indicates only limited uptake of PAH from plastic, 

however, the high variation between individual response, the low uptake ratio of the positive control 

and the lack of analysis of metabolites, make it hard to put forward unambiguous conclusions. 

Recommendations for future research 
Further research could include detection of PAH metabolites as well as PAH water analysis in order to 

have a clear sight on the uptake: which percentage is metabolized, which percentage leaves the crab 

unmetabolized. Furthermore, based on the findings of Bell et al. (2004) that chitinous structures 

adsorb fluoranthene in Chironomus tentans, it might be interesting to analyse the exoskeleton of 

exposed crabs to see whether large amounts of PAHs have accumulated thereon. If so, this 

mechanism might protect the crabs against waterborne pollution. Bioaccumulation would then also 

be prevented by the molting process. If so, this pathway would be of little concern to human 

consumption as the carapace itself is not eaten (unless PAHs would transfer from the carapace to 

edible parts of the crabs during preparation). However, this would only provide protection against 

waterborne PAHs and not to PAHs present in feed. 

A third possibility to explore in further research, not yet stated by literature, is the impact of stress 

on uptake during exposure experiments.  
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Conclusion 
This study made clear that sprat is able to mistake microplastics for food and/or eats preys that 

ingested microplastics. 38.74% of analysed sprat in the Belgian part of the North Sea (BPNS) had 

ingested on average 1.49 ± 0.80 microplastics. The lion’s share of these plastics consisted of fibres. 

Neither spatial nor temporal patterns were discovered thus far, but a larger dataset is needed to 

effectively test seasonality. The ingestion of plastics could not be tied to the differences found in 

condition, but potential secondary impacts of plastic ingestion (e.g. uptake of POPs or harmful 

bacteria) cannot be ruled out solely based on this study. 

The exposure of PAHs to crab revealed a low uptake ratio, especially for lighter PAHs. The impact of 

microplastics on the process of uptake and accumulation is not yet entire clear, but seems to be of 

little importance. For 6-methylchrysene, however, the presence of polyethylene microplastics seems 

to reduce the PAHs uptake by C. Maenas, suggesting limited bioavailbility. Further research is 

however necessary before explicit conclusions can be made. 
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Appendix I: List of abbreviations 
BCS: Belgian Continental Shelf 

BPNS: Belgian Part of the North Sea 

DDE: Dichlorodiphenyldichloroethylene, breakdownproduct of DDT 

DDT: Dichlorodiphenyltrichloroethane, organochlorine pesticide 

GC-MS: Gas Chromatography- Mass Spectrometry 

JAMP: Joint Assesment and Monitoring Programme (OSPAR) 

MP: Microplastics 

PAH:Polycyclic Aromatic Hydrocarbons 

PBT: Persistent, Bioaccumulative and Toxic  

PCB: PolyChlorinated Biphenyls 

PE: Polyethylene    

POP: Persistent Organic Pollutant  

PS: Polystyrene 
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Appendix II: Overview of findings concerning plastic uptake by 

crustaceans and fish 
Table 10: Overview of findings concerning plastic uptake in natural habitat by crustaceans and fish in proximity to the 
BPNS and relevant in-lab exposure experiments. 

Wild aquatic organisms in their natural 
habitat 
 

Origin Microplastics 
level 

Assay Size and/or 
concentration 
microplastics 

Effect Reference 

Crustaceans Nephrops norvegicus UK  83 % contained 
plastic 
 

Gut (foregut 
and midgut)- 
no digestion of 
tissues  

<5 mm  Ingestion and 
accumulation 

Murray & Cowie, 
2011 

Crangon crangon Belgium, 
BPNS 
 
 

63% contained 
plastic 

Whole 
organism - 
acid digestion 
HNO3:HClO4 
(4:1 v.v.) 

> 20 µm 
0.64 ± 0.53/ g w. w. 
 

Ingestion, no 
translocation 

Devriese et al., in 
prep. 

Fish Pelagic fish: whiting 
(Merlangius 
merlangus), blue 
whiting 
(Micromesistius 
poutassou), Atlantic 
horse mackerel 
(Trachurus trachurus), 
poor cod (Trisopterus 
minutus), and 
 John Dory (Zeus faber)  
Demersal fish: red 
gurnard (Aspitrigla 
cuculus), Dragonet 
(Callionymus 
lyra), redband fish 
(Cepola 
macrophthalma), 
solenette 
(Buglossisium luteum), 
and thickback sole 
(Microchirus 
variegates) 

UK, English 
Channel 

36.5% contained 
plastic 
 
(38% of pelagic 
fish and 35% of 
demersal fish) 

Gastro-
intestinal tract, 
no acid 
digestion 

1.90 ± 0.10 particles on 
average per individual, 
no difference between 
pelagic and demersal 
species. 

Ingestion Lusher et al., 2013 

Whiting (Merlangius 
merlangus), herring 
(Clupea harengus), 
haddock 
(Melanogrammus 
aeglefinus), cod (Gadus 
morhua), atlantic 
mackerel (Scomber 
scombrus), grey 
gurnard (Eutrigla 
gurnardus), and horse 
mackerel (Trachurus 
trachurus). 
Cod= benthopelagic 

North Sea 
 
Southern 
North Sea 
between 
49° & 56° N 
 
Northern 
North Sea 
between 
55° & 60° N 

2.6% contained 
plastic, 5 out of 7 
species contained 
plastic  (not 
present in grey 
gurnard and 
Atlantic mackerel). 
 

all contents of 
oesophagus, 
stomach and 
intestines 
acid digestion, 
10% KOH 
solution for 2 
to 3 weeks, 
sieved (0.2 
mm) 
The polymer 
type of a 
selection of 
particles was 
characterised 
by infra-red 
spectrometry. 

Only mp larger than 
0.2mm were counted. 
Mostly 1 mp per fish. 
More fish with plastic 
 (5.4%) in the southern 
North Sea (Northern 
North Sea :1.2%).  
Highest frequency 
(>33%) in cod from the 
English Channel.  
Small fibres were 
initially detected in most 
samples, but were 
considered to be 
contamination  
excluded from analyses. 

Ingestion Foekema et al. 
2013 

Demersal fish: dab 
(Limanda limanda) and 
flounder (Platichthys 
flesus) 
& 
Pelagic fish: herring 
(Clupea harengus), cod 
(Gadus morhua),  and 
mackerel (Scomber 
scombrus)) 
 
Cod= benthopelagic 

North Sea 
& Baltic Sea 

3.4 % contained 
plastic (demersal) 
 
 
 
10.7% contained 
plastic (pelagic) 
 
(18 % of 
investigated 
pelagic feeding 
mackerels) 

Gastro-
intestinal tract 

unclear Ingestion 
 
1 case of 
blockage of 
intestinal 
tract by 
rubber (cod) 

Rummel, 2014 
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Gobio gobio 
(gudgeon) 

France 12 % contained 
plastic 

Digestive tract Fibres and pellets Ingestion Sanchez et al., 
2014 
 

Controlled lab exposure Origin Microplastics 
level 

Assay Size and/or 
concentration 
microplastics 

Effect Reference 

Crustaceans Mysis spp. Finland seawater spiked 
with microspheres 
 
zooplankton 
spiked with 
microspheres 

Uptake 
(fluorescence) 

1000, 2000, 10000 
particles/ ml; 10 µm PS 
 
10 µm PS 

uptake, no 
accumulation 
in stomach 
 
 trophic 
transfer, 
ingestion 

Setälä et al., 2014 

European shore crab 
(Carcinus maenas) 
 

UK seawater spiked 
with microspheres 
 
 
 
 
 
food (jellified 
mussels) spiked 
with microspheres 

Tissue analysis, 
faecal pellet 
(fluorescence) 
 

8 – 10 µm PS; 9.4x105 
particles/l or 4.0x104 
particles/l 
 
 
 
 
 
8 – 10 µm PS; 4.0x103 
particles/g 

uptake and 
retention (14 
days after 
ingestion, 
21days after 
inspiration 
(gills)) 
 
ingestion and 
retention 

Watts et al., 2014 

European shore crab 
(Carcinus maenas) 
(and M. edulis) 

 Pre-exposed 
mussels (411 
million 
microspheres, 
14% retention) 
and jellified 
mussels with 
standardized level 
of mp 

Haemolymph 
samples at 
intervals, up to 
21 days,  

Max 0.04% of mp to 
which mussels were 
exposed turned up in 
haemolymph  
Highest concentration in 
haemolymph after 24h, 
almost gone after 
21days 

Present in 
haemolymph, 
stomach, 
hepatopancre
as, ovary and 
gills. 
Transfer to 
haemolymph. 
No physical 
or 
behavioural 
changes. 

Farrel & Nelson 
2013 
 

Semibalanus 
balanoides 

UK seawater spiked 
with microplastics 

Dissection 20-2000 µm, 1 g 
particles/ l  

Ingestion Thompson et al., 
2004 

Nephrops norvegicus UK food (fish) spiked 
with microplastics 

Stomach 
evaluation 

5 mm strands of PP 
rope; 10 strands/cm³ 
fish 

Ingestion, 
accumulation, 
retention 

Murray & Cowie, 
2011 

Fish Common goby 
(Pomatoschistus 
microps) 

Portugal Seawater spiked 
with mp,(mp 
alone and mp 
+artemia nauplii) 

Count of preys 
before /after 
experiment 

Spherical PE spheres, 
opaque and 420-500µm. 
white, black and red 
(1.2g/cc ; 1.15g/cc and 
0.98g/cc) 

Ingestion 
(white>> 
black or red), 
reduction of 
feeding 
efficiency and 
performance 
when both 
mp and prey 
are 
presented, 
selective 
feeding. 

Luis Carlos de Sá 
et al., 2015 
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Appendix III: Results preliminary tests for loading plastics 

Loading of plastics 
      sample 1 
      

Component PAHs added PAH (µg) 
Theoretical concentration 
(µg/g plastic) 

Actual concentration 
(ng/ml) 

Actual concentration 
(µg/g) Recovery (%) 

 phenanthrene 5 28,58 3839,68 27,39 95,84 
 fluoranthene 5 28,58 2535,00 18,09 63,28 
 pyrene 5 28,58 2559,33 18,26 63,88 
 6 methylchrysene 5 28,58 

    benzo(a)pyrene 5 28,58 2510,51 17,91 62,67 
 indeno(123cd)pyrene 5 28,58 2589,61 18,48 64,64 
 

       sample 2 
      

Component PAHs added PAH (µg) 
Theoretical concentration 
(µg/g plastic) 

Actual concentration 
(ng/ml) 

Actual concentration 
(µg/g) Recovery (%) 

 phenanthrene 5 26,25 4454,64 27,69 105,49 
 fluoranthene 5 26,25 2823,78 17,55 66,87 
 pyrene 5 26,25 2964,38 18,43 70,20 
 6 methylchrysene 5 26,25 

    benzo(a)pyrene 5 26,25 2469,20 15,35 58,47 
 indeno(123cd)pyrene 5 26,25 2675,53 16,63 63,36 
 

       sample 3 
      

Component PAHs added PAH (µg) 
Theoretical concentration 
(µg/g plastic) 

Actual concentration 
(ng/ml) 

Actual concentration 
(µg/g) Recovery (%) 

 phenanthrene 5 30,10 3061,43 23,75 78,93 
 fluoranthene 5 30,10 1955,19 15,17 50,41 
 pyrene 5 30,10 1951,16 15,14 50,30 
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6 methylchrysene 5 30,10 
 

0,00 
  benzo(a)pyrene 5 30,10 1874,64 14,55 48,33 

 indeno(123cd)pyrene 5 30,10 1962,61 15,23 50,60 
 

       

       Additional data 
      stock PAH6A 100 µg/ml 

    mass plastic prior to loading 
      sample 1 0,17493 g 

    sample 2 0,19048 g 
    sample 3 0,16613 g 
    mass plastic prior to analysis 

      sample 1 0,14016 g 
    sample 2 0,16087 g 
    sample 3 0,12888 g 
    

       

Overview loading Recovery sample 1 (%) Recovery sample 2 (%) 
Recovery sample 3 
(%) Average recovery (%) stdev RSD (%) 

       phenanthrene 95,84 105,49 78,93 93,42 13,44777305 14,39491 

fluoranthene 63,28 66,87 50,41 60,18 8,657062738 14,38418 

pyrene 63,88 70,20 50,30 61,46 10,16778531 16,54313 

6 methylchrysene 

      benzo(a)pyrene 62,67 58,47 48,33 56,49 7,371415762 13,04915 

indeno(123cd)pyrene 64,64 63,36 50,60 59,53 7,764660121 13,04272 
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Appendix IV: Results GC-MS analysis PAH-uptake by C. maenas. 
 

  

Table 11: Average concentrations (g/kg) of PAHs measured in soft body tissues at the end of the experiment (incl. 
depuration time) after correction by blank subtraction. All means are expressed ± SD.  

Treatment group Phenanthrene 
(g/kg) 

Fluoranthene 
(g/kg) 

Pyrene 
(g/kg) 

6methylchrysene 
(g/kg) 

Benzo(a)pyrene 
(g/kg) 

Indeno(123cd)pyrene 
(g/kg) 

(0) T0 22.993 ± 
14.739 

6.593 ± 
4.715 

8.274 ± 
5.868 

0.000 ± 
0.000 

0.000 ± 
0.000 

0.000 ± 0.000 

(1) Negative 
control, no 
microplastics 

15.875 ± 
14.033 

3.146 ± 
3.864 

7.793 ± 
15.223 

0.000 ± 
0.000 

0.017 ± 
0.047 

0.000 ± 0.000 

(2) Negative 
control, with 
microplastics 

10.665 ± 
9.732 

2.160 ± 
2.733 

2.334 ± 
3.918 

0.000 ± 
0.000 

0.032 ± 
0.073 

0.000 ± 0.000 

(3) Positive 
control, no 
microplastics 

5.266 ± 
11.450 

2.599 ± 
5.158 

-1.637 ± 
5.689 

11.364 ± 
14.104 

1.569 ± 
3.001 

8.072 ± 12.569 

(4) Positive 
control, with 
microplastics 

25.182 ± 
31.895 

10.368 ± 
15.260 

14.270 
± 
27.020 

12.997 ± 
13.459 

0.783 ± 
0.775 

13.930 ± 
14.752 

(5) Loaded 
microplastics 

16.136 ± 
28.008 

3.454 ± 
7.585 

4.772 ± 
10.178 

4.341 ± 
10.803 

0.416 ± 
0.655 

6.565 ± 12.162 

 


