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A B S T R A C T   

Wear and tear on fishing gear is a sparsely investigated source of microplastic pollution in the sea. In Norway, 
Danish seine ropes and trawls are the fishing gears that contribute most to this pollution. The main reason for this 
pollution is that the seine ropes are dragged along the seabed over a considerable distance, creating a friction 
force that results in high ropes wear. This note reports the findings after examining the wear of Danish seine 
ropes used in Norwegian fisheries. The results show that, in Norway alone, an average of 77 to 97 tons of plastic 
will be added to the sea annually due to this specific fishing gear. Aggregated to include all fly dragging, anchor 
seining, and pair seining globally, this number is estimated to be about 311 tons per year.   

Plastic pollution in the sea has been a topic of concern for many years 
and is a widespread problem given the enormous use of plastic globally. 
As a result, scientists have published several review papers on the sub-
ject, including sources of pollution, the distribution and damage to na-
ture, and the consequences for wildlife and marine ecosystem (Derraik, 
2002; Cole et al., 2011; Ballerini et al., 2018; Thushari and Senevir-
athna, 2020; Hammer et al., 2012; Pruter, 1987; Carroll et al., 2014; 
Andrady, 2011). 

This note focuses on microplastic generated from Danish seine ropes 
used by the Norwegian fishing fleet. Fishing gear is known to be a sig-
nificant contributor to the number of plastic fragments in the sea, and 
about 18% of all plastic debris in the ocean is estimated to occur from 
the fishing industry (Andrady, 2011). Much of this plastic arises from 
abandoned, lost, and otherwise discarded fishing gear (ALDFG) (Mac-
fadyen et al., 2009). However, few have reported the share of micro-
plastic in the sea arising from fishing gear during active, professional 
fishing. The wear and tear of plastic ropes used during commercial 
fishing can be substantial, particularly when in contact with the sea-
floor. A recent report shows that the annual microplastic emissions from 
fishing gear in Norwegian commercial fisheries are close to 200 tons 
(Syversen et al., 2020). We will show that Danish seining stands for 
about 44% of this total mass. 

The main objective of this note is to quantify the amount of micro-
plastic generated from the use of Danish seine ropes in the Norwegian 
fishery. We have chosen this fishing gear because it generates more 
microplastic than most others, mainly because of its contact with the sea 

bottom (Lusher et al., 2017). In addition, based on the estimates from 
the Norwegian commercial fisheries, we assess the emission of micro-
plastics from Danish seining worldwide. Before presenting our results, 
we briefly look into the reasons for plastic pollution from fishing gear 
and the effects it causes. 

By the term microplastic, we understand plastic debris less than 5 
mm (Barletta and Costa, 2015; Graca et al., 2017; Guo and Wang, 2019; 
Zarfl et al., 2011). The smallest of these fragments are too small to 
observe but may affect marine organisms and bottom sediment. Accu-
mulation of microplastic particles in the sea may yield a concentration of 
100.000 particles/m3 (Wright et al., 2013). Microplastic has been found 
in most of the oceans and ends up in the deep sea (Woodall et al., 2014; 
Claessens et al., 2011; Ng and Obbard, 2006), including the Arctic deep- 
sea (Bergmann et al., 2017). In 2014 it was estimated that there was a 
minimum of 5 trillion plastic pieces in the sea, weighing over 260.000 
tons (Eriksen et al., 2014). Unless curbed, microplastic debris is a sig-
nificant problem that will continue to grow. 

Studies worldwide report the occurrence of microplastic debris in 
marine animals, for instance, the Middle East (Abbasi et al., 2018), 
Europe (Bellas et al., 2016; Bessa et al., 2018; Neves et al., 2015; Dev-
riese et al., 2015; von Moos et al., 2012; A.L. Lusher et al., 2013), Asia 
(Jabeen et al., 2017), South America (Possatto et al., 2011; Al et al., 
2017), Africa (Hossain et al., 2020) and Australia (Hall et al., 2015). 
Thus, it is evident that microplastic pollution affects all marine life, and 
we need to investigate its sources further. Some microplastics hail from 
fisheries, such as plastics used in modern fishing gear and ropes. The 
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type of plastic used in most fishing gear is polyethylene, polypropylene, 
and polyamide (nylon) (Andrady, 2011). 

Plastic in a marine environment degrades for several reasons 
(Andrady, 2011): (1) UV radiation or photodegradation, (2) Biodegra-
dation caused by living organisms, usually microbes, (3) Thermal 
oxidative degradation, which causes a slow decomposition at moderate 
temperatures, and (4) Hydrolysis caused by a reaction with water. In 
addition, high temperatures will cause thermal degradation, but this is 
at considerably higher temperatures than in the ocean. 

The most common cause of degradation is exposure to UV radiation, 
leading to a fragmentation of the plastic fibers. Gear is constantly 
exposed to UV radiation, either on the deck or on land. Therefore, 
adequate storing of fishing gear is an essential factor in preventing 
degeneration due to UV radiation. UV radiation can also be affected 
when the gear is in the sea, depending on the depth and seasonal vari-
ations in chlorophyll concentration. For the Atlantic Ocean, 20 m is 
considered the maximum penetration depth for UV radiation (Ahmad 
et al., 2003). By maximum depth, we mean the 10% penetration depth 
(Z10), where the light intensity reduces to 10% of the value at the sur-
face. However, plastic fibers fragmented due to UV radiation will start a 
process that includes thermal-oxidative degradation so that the degra-
dation process continues without the influence of UV radiation 
(Andrady, 2011). Two more studies confirm the effect of UV radiation 
on plastic fibers by testing the breaking strength of nylon ropes (Al-Oufi 
et al., 2004) and thin nylon strings used in fishing nets (Thomas and 
Hridayanathan, 2006). 

The research on the wear and tear of fishing gear used in commercial 
fishing is scarce. However, a report from England puts figures on normal 
wear due to a combination of UV radiation and biodegradation (Welden 
and Cowie, 2017). This study observed ropes lying in seawater at a depth 
of 10 m over 12 months, continuously monitoring weight, strength, 
water temperature, and light. The results show that the ropes lose mass 
caused by a degradation process lying in the sea. The annual reduction in 
mass is 4.7%, 12.2%, and 5.4% for polypropylene, nylon, and poly-
ethylene, respectively. These figures apply to ropes with a diameter of 
10 mm but have not been verified by other studies and thus must be used 
with caution. However, they indicate the extent of wear on ropes due to 
the degradation processes. 

The Danish fisherman Jens Vaever invented the Danish seine fishing 
method in 1848 (Noack, 2017). Since one of the rope arms connects to 
an anchor, it is also called anchor seining. Later, Scottish fishermen 
developed the method into fly dragging, known as Scottish seine, and 
pair seining, where two boats are involved. The difference between 
these methods is that at anchor seining, the vessel stays by the anchor 
while winching in the ropes and net, whereas in fly dragging, the boat 
moves slowly forward while winching in. In Norway, another variant 
called tow dragging is most common. Here, the vessel moves slowly 
forward until the net closes, and then the winch is applied. This method 
is also called the Japanese method (Walsh and Winger, 2011). However, 
all these methods come from the original Danish seine method, and 
Norwegian professional fishermen usually refer to it as Danish seine. In 
this note, Danish seine refers to all methods originating from the Danish 
invention in 1848. Worldwide, fly dragging, tow dragging, and pair 
seining are the most common, but some fishermen still use the original 
anchor seining. 

The Danish seine is mainly composed of ropes (arms) and a conical 
net. The seine ropes usually consist of twisted four-strand cables, where 
each cord has a steel wire core. The amount of steel in each line varies 
from vessel to vessel. Ships with high towing power prefer heavier ropes 
than a similar vessel with less towing capacity, even if the thickness is 
the same. Some still use three-strand lead ropes at the smallest fleet, but 
steel or combi ropes increase. The rope thickness depends on the size of 
the vessel, the towing force, and the capacity of the drum winch. 

The smallest vessels of 10–11 m usually use a rope thickness of 
24–32 mm in diameter, while the largest ones use 50–60 mm in diam-
eter. The length of the ropes varies from 4 to 5 coils on each arm and up 

to 18 coils. A seine coil is 220 m (120 fathoms), and the length thus 
varies from 880 m to 3960 m on each arm for the largest vessels. 
Therefore, the largest ships (>55 m) use almost 8000 m of seine ropes. 

Fig. 1 shows the main parts that comprise a Danish seine. The first 
step of the fishing operation is to deploy the net, followed by the first 
arm and wings. Next, the seiner sweeps in a big circle before the 
deployment continues with the bag, branches, and the second arm. 
Onboard drum winches haul the ropes while the fishers try to have a 
gentle forward speed on the vessel, generally ½ to 1 h with 1–2 knots, 
until they can secure the catch bag. When the ship's skipper sees that the 
ropes begin to fold, he pulls the coils in, and in this phase, the catch ends 
up in the seine bag. 

By the International Council for the Exploration of the Sea (ICES), all 
these Danish seine fishing methods are regarded as environmentally 
friendly (ICES, 2010), mainly because it is considered as a “clean” gear 
that, for the most, does not damage the catch. The effect of plastic 
pollution, however, has not been considered or reported earlier. 

There are several reasons for the fragmentation of plastic ropes used 
during fishing. The most obvious is the mechanical abrasion with the 
seafloor caused by dragging, causing massive wear on the gear. In 
particular, this applies to bottom trawls, and seine ropes dragged along 
the bottom over relatively large distances. 

In seine fishing, the fishermen prefer the cords to be as thick as 
possible since this increases the efficiency, and the wider the rope, the 
less it gets stuck to the seabed. The seabed acts like sandpaper on the 
ropes. The rougher the bottom – the more significant impact on the 
ropes. Fig. 2 shows a seine rope after 12 months of use, with a clear 
indication of wear. 

The winch used to haul the gear is another source of wear on nets and 
ropes, especially where the rope squeezes between two discs. When UV 
radiation has caused fragmentation of the ropes, the impact from the 
haul mechanism will be significant, accelerating the mass loss of the 
ropes and hence the number of microplastics lost to the sea. However, it 
is difficult to estimate how much wear and tear the hauling equipment 
causes isolated since it is challenging to distinguish it from other 
sources. 

The share of microplastics in the sea arising from fishing gear is a 
field with significant knowledge gaps. Therefore, we attempt to quantify 
the loss from one type of gear through an exploratory approach. The 
method used to quantify the wear was to weigh a portion of a discarded 
rope and compare this to the weight of a new one. This method has the 
advantage of measuring the loss directly. However, we can only weigh a 
small portion of the rope and then multiply to get the weight of the 
complete length. This method implies that a slight inaccuracy in the 
measured weight can lead to a more significant error. We repeated the 
measurements five times using different scales to minimize this error. 
Also, the length portion of the rope was measured five times using the 
mean value of the length. 

We included three vessels in the study, all within the 27–34-meter 
range, and all had ropes with a nominal diameter of 40 mm that comes in 
coils of 220 m in length. A new coil weighs 375 kg. Ideally, we would 
like to have samples from many boats, but getting pieces of discarded 
ropes is challenging. In addition, it is essential to know the “life story” of 
the ropes. Therefore, we conducted interviews with fishers to collect 
information on the type of rope, its lifetime, the number of hauls, and 
the location. All this information is necessary to get the complete picture 
to calculate lifetime and wear and tear. For vessels A and C, we took 
samples at the position marked 1 in Fig. 1, which is at the middle of the 
rope arms. Fig. 3 shows the used ropes from vessels A and C, together 
with a new one. 

For vessel B, the results differ from the others, showing a more sig-
nificant loss. However, vessel B used a different rope with less steel, 
weighing 300 kg new. Samples from Vessel B were taken from the po-
sition marked 2 in Fig. 1, which is the position where the rope arm 
connects to the net. At this location, the ropes have the most contact 
with the seabed and therefore have the most considerable wear. The 
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rope from Vessel B had a diameter of only 30 mm close to the end that 
connects it to the net. This diameter implies a considerable amount of 
wear, even though the rope was only a year old. We decided to discard 
this rope in the calculations of mean loss for all active vessels because it 
represents a use that is probably at the edge of what is considered 
normal. Further, vessel B operated at a place in the north-eastern part of 
Norway known for having rocks at the sea bottom, increasing wear 
beyond ordinary. Still, we include the rope as a reference to show the 
potential variations in the wear and tear. 

Table 1 shows the generated amount of microplastics per coil for 
each of the three samples. Ropes at vessel A and vessel C have a loss of 
55.9 and 57.5 kg, respectively. Note that these calculations do not 
include the natural stretching of the ropes that occur during the first 
couple of hauls. Hence, a brand new seine rope has a greater thickness 
than the nominal value stated by the manufacturer. 

Since the elongation is unknown, we considered three different 
stretch values by adding the stretch percentage to the total length of the 
coil. Then, when we corrected for the lengthening, we found the total 
weight of a roll by considering the increase of the entire length. Hence, 
we multiplied by a factor of 1 + x/100 to calculate the total weight of the 
expanded coil, where x is the stretch factor in percent. Also, Table 1 
shows the loss in percent, with a range calculated assuming 3% 

Fig. 1. The principle of Danish seine fishing, modified from (Bos, 2016). Numbers indicate positions where we took samples.  

Fig. 2. Used Danish seine rope (12 months) indicating the wear after splitting 
the cords. 

Fig. 3. Used seine ropes from vessel A (left), vessel C (middle), and new ones (right).  
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expansion for the low value and 7% expansion for the high value. These 
stretch percentages are considered minimum and maximum values 
based upon interviews with fishers and rope manufacturers. 

The lifetime of a Danish seine depends on several factors, mainly 
decisions made by the skipper in terms of fishing strategy (i.e., fishing 
effort, haul duration, number of hauls). Secondly, rough bottoms con-
sisting of rocks and gravel can negatively impact the gear. Thirdly, the 
lifetime will depend on vessel size, towing power, and hydraulics. For 
instance, a seiner with great towing capacity and powerful hydraulics 
will significantly reduce the lifetime of the seine. Finally, the lifetime 
also depends on how much quota the vessel has and the number of 
fishing days using seine during a year. Thus, the expected lifetime varies 
from boat to boat. However, by interviewing several seine fishers, we 
concluded that the average lifetime of the gear is about 18 months or 
400–600 hauls. The lifetime of the net is usually longer than the ropes. 

According to the skippers on vessels A and C, they operate with 15 
coils, giving a total length of 3300 m for the two rope arms. In addition, 
they replace the ropes after approximately 600 hauls. Considering a loss 
per coil between 33 kg and 48 kg, as shown in Table 1, the total mass loss 
for these vessels seine ropes is in the range of 495–720 kg. Therefore, 
loss per haul will approximately be in the interval from 0.83–1.2 kg, and 
the loss in percent will be in the range of 9–12.8%. Again, be reminded 
that these numbers are average numbers based on the weight mea-
surements from vessels A and C. 

Further, by establishing a connection to the mass loss percentage for 
any rope diameter calculation, one can state the yearly loss of micro-
plastic from the whole Norwegian seine fleet. For example, say D is the 
general diameter of a new rope, and Δd is the loss in diameter due to 
wearing. Mass loss in percent, ML%, is thus the difference in mass due to 
wear divided by the original volume and can be shown to yield the 
following formula, assuming Δd is much less than D: 

ML% ≈ 2Δd/D 

Thus, mass loss in percent is inversely proportional to the diameter of 
the rope. Hence, a thinner string will get a higher percentage of wear. 
Nevertheless, as thinner ropes weigh less, wear due to contact with the 
bottom is less than thicker ropes. Therefore, as shown in the equation 
above, a reduced diameter D also reduces the wear Δd. Based on this, it 
seems reasonable to assume that the mass loss in percent is about the 
same for all rope diameters involved. Of course, this is a simplified 
assumption, as the dynamic in rope wear is highly complex. Still, we 
believe it is an acceptable first estimation to compare the wear of ropes 
with different diameters. Hence, we considered that the mass loss in 
percent from 9 to 12.8% is valid for all rope diameters. 

Furthermore, we extracted statistical information from the 

Norwegian Directorate of Fisheries to calculate the total loss from the 
Norwegian seine fishery. This register groups all fishing vessels into 
lengths below 11 m, 11–15 m, 15–21 m, and above 28 m. To get correct 
estimates, we set the following two inclusion and exclusion criteria: (1) 
Vessels had to be active and professional, excluding international and 
recreational fishing, and (2) only vessels over 11 m that caught more 
than 100 t of whitefish in 2019, and vessels under 11 m with catches 
over 50 t, were included. 

Table 2 shows the total numbers of vessels used in seine fishing in 
Norway in 2019, divided into the different length groups. Next, we 
estimated the mean weight of a new coil, the mean number of coils used, 
and the mean rope diameter for each group. All these numbers are 
average numbers based on interviews with fishers. Also, Table 2 shows 
the mass loss assuming minimum wear when the stretch is 7% and 
maximum when the expansion is considered 3%. 

The total mass loss per year for all vessel groups summed up is be-
tween 77 tons to 97 tons, or 87 tons ±10 tons. Referring to Table 2, the 
vessel group above 28 m generates about half of this loss. 

These results show that seine ropes are subject to substantial wear 
and tear. However, the numbers have a considerable uncertainty caused 
by an unknown amount of ropes stretching. In addition, these numbers 
are based on a sampling size of only three vessels, which is too small to 
draw a clear conclusion. Nevertheless, a significant amount of pollution 
adds to all other sources of microplastic pollution. Finally, we calculated 
these numbers using information that is not readily available, and 
indeed some assumptions have been made along the way. Some of these 
assumptions and uncertainties require further discussion. 

The amount of wear on ropes depends on several factors, such as the 
rope diameter, the amount of steel, coil weight, the bottom conditions, 
the rope quality, the speed and towing power of the vessel, and the 
number of times the rope is used before discarded. It is very complicated 
to consider all these factors in detail, and hence using an estimated mean 
value based on average conditions is the best way to proceed. For the 
rope quality, however, the basis for our calculations are all quality ropes 
from recognized fabricants and therefore will not necessarily represent 
an average quality. In addition, we know that some vessels use cheaper, 
low-quality ropes, which will have a shorter lifetime. In this respect, our 
calculations are pretty conservative. For example, a rope manufacturer 
claims their ropes have 50% less wear than some cheaper ones on the 
market, although we cannot verify this. 

The results are based on weighing small portions of discarded ropes 
and then calculating the loss. A source of error is the collected amount of 
sand and dirt inside the rope fibers. This sand will add an unknown 
weight to the ropes, meaning that the actual weight of the rope will be 
less than measured, and hence the loss is potentially higher than 

Table 1 
Measurements of discarded Danish seine ropes from three different vessels.   

Mean diameter 
[mm] 

Coil weight 
[kg] 

Loss per coil [kg] No 
stretch 

Loss per coil [kg] 3% 
stretch 

Loss per coil [kg] 5% 
stretch 

Loss per coil [kg] 7% 
stretch 

Loss in % 

Vessel A  35.2  319.1  55.9  46.3  39.9  33.6 9–12.4 
Vessel B  30.0  226.3  73.7  66.9  62.4  57.9 19.3–22.3 
Vessel C  34.6  317.5  57.5  48.0  41.6  35.3 9.4–12.8  

Table 2 
Total yearly plastic fragmentation from seine ropes in Norway.   

Vessel length in meters 

Length group 8–11 11–15 15–21 21–28 Above 28 

Number of active vessels  6  39  36  52  48 
Mean number of coils  12  16  22  24  26 
Mean rope diameter [mm]  26  30  36  38  48 
Mean weight new coil [kg]  120  170  220  280  420 
Mass loss per vessel, min/max [kg]  144/180  272/340  484/605  672/840  1092/1365 
Mass loss per vessel, min/max [kg/yr]  96/120  181/227  323/403  448/560  728/910 
Total mass loss, min/max [kg/yr]  576/720  7072/8840  11,616/14,520  23,296/29,120  34,944/43,680  
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calculated. It is hard to quantify the amount of sand gathered in seine 
ropes accumulated over its lifetime. Hence this is a topic that needs 
further investigation. 

Some parameters are pretty confident, however. The number of 
vessels in each length group are actual values taken from the statistics. 
The mean number of coils, which gives the mean length of the seine 
ropes for each vessel, is an estimated value based on interviews with 
several fishers and manufacturers. We believe it is a reasonable estimate. 
The same is valid for the mean rope diameter. Although the rope 
diameter varies from vessel to vessel within the same length group, the 
mean value comes from interviews with fishers and rope fabricants. A 
ship may choose ropes based on their towing power and preferred 
weight, and the proportion of steel may vary between ropes, even if the 
diameter is the same. Thus, the gravity of the coil may vary based on the 
amount of steel. 

We can scale the results to include all Danish seine vessels globally if 
we know the scope of this fishery worldwide. We then also include 
Scottish seine since this method, as explained earlier, is quite similar to 
the method used in Norway. The differences between Scottish seine and 
the Japanese method, as used in Norway, are in fact minimal, and hence 
our results can also represent Scottish seine fisheries. Norway is one of 
the fishing nations with the most extensive use of Danish seine, with 181 
active vessels in 2019. Equivalent numbers for other countries are not 
readily available. Still, numbers collected from ICES-FAO working group 
in 2010 (ICES, 2010), supplied by numbers from Russia (Walsh and 
Winger, 2011), indicate the activity for some other nations. For 
example, the Philippines had 183 vessels, Iceland 67, Denmark 56, 
Japan 48, Canada 29, New Zealand 25, Russia 21, Scotland 20, Australia 
14, Netherlands 10, Ireland 6, France 5, Sweden 2, and Faroe Islands 1. 
Altogether, this gives 647 vessels using either Scottish seine, Danish 
seine, or pair seine worldwide. Using our numbers for the pollution from 
the Danish seine fishery in Norway as a reference indicates that the total 
plastic mass loss worldwide due to Danish seine fishing could be about 
311 tons per year, with an uncertainty of about ±12%. Since the accu-
rate number of vessels involved in Danish seine fishing is hard to tell, 
this is considered a first estimate of the plastic pollution from Danish and 
Scottish seine fishing worldwide. Danish seine fishing globally is not 
very big, so the number is not very significant. Still, once we include 
microplastic pollution from all types of gear, it will be interesting to see 
what gear types contribute most. 

To improve the calculations on plastic pollution, we should also 
include the net and other gear components, although these components 
are less exposed to wear. It will also be interesting to look at other 
fishing gear and make the same calculations, which we intend to do in 
the future. In addition, work is ongoing concerning the development and 
testing of bio-degradable equipment, primarily for the net and, in the 
future, for ropes. Bio-degradable equipment may solve some of the 
problems related to plastic pollution from the fishery but will probably 
be some years ahead. 

We have shown that between 77 and 97 tons of plastics are annually 
added to the sea due to Danish seining in Norway, or 311 tons globally. 
In comparison, a report estimates the abrasion from tires and road 
marking to 5.000 t annually (Sundt et al., 2014), of which a large share 
has the potential to reach the ocean. In this perspective, the contribution 
of microplastics from Danish seining may seem insignificant. However, 
the emission of microplastic particles from consumer products (e.g., 
cosmetics) was estimated to be about 40 t annually and was deemed “...a 
significant source of emissions” (Sundt et al., 2014). Hence, fishing ac-
tivities should also be considered a significant source of microplastics. 
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2016. Ingestion of microplastics by demersal fish from the spanish Atlantic and 
Mediterranean coasts. Mar. Pollut. Bull. 109 (1), 55–60. https://doi.org/10.1016/j. 
marpolbul.2016.06.026. 

Bergmann, M., Wirzberger, V., Krumpen, T., Lorenz, C., Primpke, S., Tekman, M.B., 
Gerdts, G., 2017. High quantities of microplastic in Arctic Deep-Sea sediments from 
the HAUSGARTEN observatory. Environ. Sci. Technol. 51 (19), 11000–11010. 
https://doi.org/10.1021/acs.est.7b03331. 

Bessa, F., Barría, P., Neto, J.M., Frias, J.P.G.L., Otero, V., Sobral, P., Marques, J.C., 2018. 
Occurrence of microplastics in commercial fish from a natural estuarine 
environment. Mar. Pollut. Bull. 128, 575–584. https://doi.org/10.1016/j. 
marpolbul.2018.01.044. 

Bos, E., 2016. Nederlands: Tekening visserijtechniek ankerzegenvisserij. English: 
drawing fishing technique Danish Seine. Ecomare. https://commons.wikimedia. 
org/wiki/File:Ecomare_-_tekening_visserijtechniek_ankerzegenvisserij_ 
(ankerzegenvisserij-ogb).jpg. 

Carroll, C., Sousa, J., Thevenon, F., 2014. Plastic debris in the ocean. https://portals.iucn 
.org/library/node/44966. 

Claessens, M., De Meester, S., Van Landuyt, L., De Clerck, K., Janssen, C.R., 2011. 
Occurrence and distribution of microplastics in marine sediments along the Belgian 
coast. Mar. Pollut. Bull. 62 (10), 2199–2204. https://doi.org/10.1016/j. 
marpolbul.2011.06.030. 

Cole, M., Lindeque, P., Halsband, C., Galloway, T.S., 2011. Microplastics as contaminants 
in the marine environment: a review. Mar. Pollut. Bull. 62 (12), 2588–2597. https:// 
doi.org/10.1016/j.marpolbul.2011.09.025. 

Derraik, J., 2002. The pollution of the marine environment by plastic debris: a review. 
Mar. Pollut. Bull. 44, 842–852. https://doi.org/10.1016/S0025-326X(02)00220-5. 

Devriese, L.I., van der Meulen, M.D., Maes, T., Bekaert, K., Paul-Pont, I., Frère, L., 
Robbens, J., Vethaak, A.D., 2015. Microplastic contamination in brown shrimp 
(Crangon crangon, linnaeus 1758) from coastal waters of the southern North Sea and 
channel area. Mar. Pollut. Bull. 98 (1–2), 179–187. https://doi.org/10.1016/j. 
marpolbul.2015.06.051. 

Eriksen, M., Lebreton, L., Carson, H., Thiel, M., Moore, C., Borerro, J., Galgani, F., 
Ryan, P., Reisser, J., 2014. Plastic pollution in the world's oceans: more than 5 
trillion plastic pieces weighing over 250,000 tons afloat at sea. PLoS ONE 9. https:// 
doi.org/10.1371/journal.pone.0111913. 

T. Syversen et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.chemosphere.2018.04.076
https://doi.org/10.1117/12.505298
https://doi.org/10.1016/j.marpolbul.2017.01.081
https://doi.org/10.1016/j.marpolbul.2017.01.081
https://doi.org/10.1016/S0165-7836(03)00103-6
https://doi.org/10.1016/j.marpolbul.2011.05.030
https://doi.org/10.13140/RG.2.2.36720.92160
https://doi.org/10.1039/C5EM00158G
https://doi.org/10.1016/j.marpolbul.2016.06.026
https://doi.org/10.1016/j.marpolbul.2016.06.026
https://doi.org/10.1021/acs.est.7b03331
https://doi.org/10.1016/j.marpolbul.2018.01.044
https://doi.org/10.1016/j.marpolbul.2018.01.044
https://commons.wikimedia.org/wiki/File:Ecomare_-_tekening_visserijtechniek_ankerzegenvisserij_(ankerzegenvisserij-ogb).jpg
https://commons.wikimedia.org/wiki/File:Ecomare_-_tekening_visserijtechniek_ankerzegenvisserij_(ankerzegenvisserij-ogb).jpg
https://commons.wikimedia.org/wiki/File:Ecomare_-_tekening_visserijtechniek_ankerzegenvisserij_(ankerzegenvisserij-ogb).jpg
https://portals.iucn.org/library/node/44966
https://portals.iucn.org/library/node/44966
https://doi.org/10.1016/j.marpolbul.2011.06.030
https://doi.org/10.1016/j.marpolbul.2011.06.030
https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1016/j.marpolbul.2011.09.025
https://doi.org/10.1016/S0025-326X(02)00220-5
https://doi.org/10.1016/j.marpolbul.2015.06.051
https://doi.org/10.1016/j.marpolbul.2015.06.051
https://doi.org/10.1371/journal.pone.0111913
https://doi.org/10.1371/journal.pone.0111913


Marine Pollution Bulletin 179 (2022) 113711

6

Graca, B., Szewc, K., Zakrzewska, D., Dołęga, A., Szczerbowska-Boruchowska, M., 2017. 
Sources and fate of microplastics in marine and beach sediments of the southern 
Baltic Sea—a preliminary study. Environ. Sci. Pollut. Res. 24 (8), 7650–7661. 
https://doi.org/10.1007/s11356-017-8419-5. 

Guo, X., Wang, J., 2019. The chemical behaviors of microplastics in marine environment: 
a review. Mar. Pollut. Bull. 142, 1–14. https://doi.org/10.1016/j. 
marpolbul.2019.03.019. 

Hall, N.M., Berry, K.L.E., Rintoul, L., Hoogenboom, M.O., 2015. Microplastic ingestion by 
scleractinian corals. Mar. Biol. 162 (3), 725–732. https://doi.org/10.1007/s00227- 
015-2619-7. 

Hammer, J., Kraak, M., Parsons, J., 2012. Plastics in the marine environment: the dark 
side of a modern gift. Rev. Environ. Contam. Toxicol. 220, 1–44. https://doi.org/ 
10.1007/978-1-4614-3414-6_1. 

Hossain, M.S., Rahman, M.S., Uddin, M.N., Sharifuzzaman, S.M., Chowdhury, S.R., 
Sarker, S., Nawaz Chowdhury, M.S., 2020. Microplastic contamination in penaeid 
shrimp from the Northern Bay of Bengal. Chemosphere 238, 124688. https://doi. 
org/10.1016/j.chemosphere.2019.124688. 

ICES, 2010. Report of the ICES-FAO Working Group on Fishing Technology and Fish 
Behaviour (WGFTFB). ICES CM 2010/SSGESST, 14, 252 pp.  

Jabeen, K., Su, L., Li, J., Yang, D., Tong, C., Mu, J., Shi, H., 2017. Microplastics and 
mesoplastics in fish from coastal and fresh waters of China. Environ. Pollut. 221, 
141–149. https://doi.org/10.1016/j.envpol.2016.11.055. 

Lusher, A., Hollman, P.C.H., Mendoza-Hill, J., 2017. Microplastics in Fisheries and 
Aquaculture: Status of Knowledge on Their Occurrence and Implications for Aquatic 
Organisms and Food Safety. Food and Agriculture Organization of the United 
Nations. 

Lusher, A.L., McHugh, M., Thompson, R.C., 2013. Occurrence of microplastics in the 
gastrointestinal tract of pelagic and demersal fish from the English Channel. Mar. 
Pollut. Bull. 67 (1–2), 94–99. https://doi.org/10.1016/j.marpolbul.2012.11.028. 

Macfadyen, G., Huntington, T., Cappell, R., 2009. Abandoned, Lost or Otherwise 
Discarded Fishing Gear. United Nations Environment Programme: Food and 
Agriculture Organization of the United Nations. 

Neves, D., Sobral, P., Ferreira, J.L., Pereira, T., 2015. Ingestion of microplastics by 
commercial fish off the Portuguese coast. Mar. Pollut. Bull. 101 (1), 119–126. 
https://doi.org/10.1016/j.marpolbul.2015.11.008. 

Ng, K.L., Obbard, J.P., 2006. Prevalence of microplastics in Singapore's coastal marine 
environment. Mar. Pollut. Bull. 52 (7), 761–767. https://doi.org/10.1016/j. 
marpolbul.2005.11.017. 

Noack, T., 2017. Danish seine – Ecosystem effects of fishing [Technical University of 
Denmark]. https://backend.orbit.dtu.dk/ws/portalfiles/portal/132792467/Pub 
lishers_version.pdf. 

Possatto, F.E., Barletta, M., Costa, M.F., Ivar do Sul, J.A., Dantas, D.V., 2011. Plastic 
debris ingestion by marine catfish: an unexpected fisheries impact. Mar. Pollut. Bull. 
62 (5), 1098–1102. https://doi.org/10.1016/j.marpolbul.2011.01.036. 

Pruter, A.T., 1987. Sources, quantities and distribution of persistent plastics in the 
marine environment. Mar. Pollut. Bull. 18 (6, Supplement B), 305–310. https://doi. 
org/10.1016/S0025-326X(87)80016-4. 

Sundt, P., Schulze, P.-E., Syversen, F., 2014. Sources of microplastic- pollution to the 
marine environment (Mepex M-321/2015). https://www.miljodirektoratet.no/glo 
balassets/publikasjoner/M321/M321.pdf. 

Syversen, T., Vollstad, J., Lilleng, G., Hanssen, B.J., 2020. Slitasje på fiskeredskap (in 
Norwegian) (SINTEF 2020:01296). https://www.fiskeridir.no/Sjoeareal/Nyheter/ 
2021/hvor-mye-mikroplast-kommer-fra-slitasje-pa-fiskeredskap/_/attachment/d 
ownload/be6c6dad-115c-4b41-8b09-b24f2c22f601:214d682077d88bf566181fe00 
bf2695250ec58b4/Slitasje%20fra%20fiskeredskap-sluttrapport.pdf. 

Thomas, S.N., Hridayanathan, C., 2006. The effect of natural sunlight on the strength of 
polyamide 6 multifilament and monofilament fishing net materials. Fish. Res. 81 (2), 
326–330. https://doi.org/10.1016/j.fishres.2006.06.012. 

Thushari, G.G.N., Senevirathna, J.D.M., 2020. Plastic pollution in the marine 
environment. Heliyon 6 (8), e04709. https://doi.org/10.1016/j.heliyon.2020. 
e04709. 
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