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Abstract
Since 1950, the plastic production has increased radically from 1.5 to 280
million tons in 2012. The increased production of plastic has led to oceans
becoming more polluted than ever. Micro plastic particles originate from
large floating plastic debris by undergoing degradation caused by UVradiation. Due to their small size, density and colour micro plastic particles
resemble marine organisms’ natural prey and are therefore ingested. This
report discuss the hypotheses that there are micro plastic particles present in
oceans outside of the Costa Rican west coast (hypothesis 1), that the location
between the South and North Pacific gyres will result in an accumulation of
plastic (hypothesis 2) and that different sampling methods will generate
different types of data which makes it difficult to compare results
(hypothesis 3). A manta trawl was used to collect samples in size range 12mm and they were quantified with a microscope. To simplifying
transportation and storing, aluminum foil was used instead of glass jars to
collect samples. Thereby the need of transferring material from a glass jar to
a flat surface for quantifying with microscope was eliminated. One area
contained 56.5 % of all gathered particles together. The result also showed
that micro plastic particles are present even in protected areas.

Keywords



Micro plastic particles



Marine debris



Plastic marine pollution



Marine litter



Plastic production

1

Summary
The purpose of this report was to examine how many micro plastic particles there were in the
ocean outside of the Costa Rican west coast and if it was possible to detect spatial differences.
On seven occasions twenty-one samples were obtained by a trawl filtering the upper water
column for floating particles. The trawl was positioned ten meters behind the boat with a
speed of 1-1.5 m/s. Gathered particles were filtrated using sieves with pore sizes of 1-2 mm
and then counted using a microscope and categorized based on colour. 37.8 percent were blue
and green which indicates that a considerable amount of the plastic originates from fishing
gear. The result was compared with trawling distance covered and the measurements of the
trawl opening to calculate the abundance of plastic particles per square kilometre sea surface.
In this report, the recorded data indicate an average of 9.91 micro plastic particles per square
kilometre which was compared to a study conducted in the North Pacific gyre. One of the
seven areas differed from the others with the highest content of particles with 56.5 % of the
amount collected in all locations together. This spot is located close to a reef interrupting
currents from the north east carrying plastic particles that accumulates here as a result of its
narrow formation. This paper also identifies advantages and disadvantages by comparing
different methods, including the one used in the field study. By using aluminium foil instead
of glass jars the need for transferring the sample to a flat surface when analysing was omitted
and thus eliminated a step with the potential of adding a margin of error to the final result.
Finally, by comparing existing methods the conclusion was made that standardization has to
be determined to be able to compare results from different studies. It was also concluded that
it is of fundamental interest to investigate how micro plastic particles affects humans. Some
of the suggested measurements to solve this problem are: implementing of proper garbage
handling in undeveloped countries, instalment of filter in sewage plants and research towards
alternative materials like cellulose.
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1. Introduction
Plastic is a material originated from crude oil with a production standing for approximately 8

percent of all oil used each year (Thompson et al. 2009). Since 1950, the plastic production
has increased radically from 1.5 to 280 million tons in 2012. Of all plastic resin produced
worldwide, nearly a third is used for production of disposable containers such as food and
beverage packaging or shopping bags. Therefore, trends suggest that the expanded usage of
said products has had a great impact on the increased levels of plastic in the ocean. In 2000
the rate of recycling was estimated at less than five percent of produced volume meanwhile
the rate of production and usage has drastically increased within the last two decades
recycling has yet to catch up (Moore. 2008). Apart from the usage of disposable containers,
plastics have light weight, strong and moldable properties which make them extremely
suitable for a wide spectrum of products. Today, nearly all products used by man contain
plastic in some way and contributes to the increasing amount of plastic in the oceans. Plastic
is also commonly found in a variety of hygiene products such as toothpaste, facial cleanings
and body scrubs (Andrady. 2011, Wright et al. 2013). Some dermatological products
including face scrubs contain polyethylene, also referred as “micro-beads” (manufactured
micro plastic particles) that escape through wastewater treatment plants and into the oceans as
a result of their small size (Fendall et al. 2009). A name for these manufactured plastic
particles is, together with virgin pellets, primary micro plastic. The word o plastic is referring
to the particles being small enough to be counted as micro plastic particles without
undergoing degradation of larger plastic debris. Cole et al. 2011 also mentions micro-beads in
drugs working as a vector or in air-blasting while removing paint as a concern. In addition to
primary micro plastic particles, secondary micro plastic particles originate from degradation.

1.1 Degradation

Approximately 80 percent of all plastic debris in the ocean originates from waste such as
beach litter and landfills. The total amount of plastic has not yet been accurately estimated but
has according to Derraik (2002) been proven to cause enormous damage to aquatic
environments. When plastic fragments end up in the water column they degrade into smaller
pieces by UV-radiation, a rapid process, which causes the plastic to undergo photo
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degradation making it brittle. Further mechanic degradation is caused by natural forces such
as waves and wind. The majority of micro plastic particles in the oceans originate from this in
situ break down of larger fragments (Eriksen. et al 2011 & Andrady. 2011).

1.2 Factors affecting ingestion

Plastic particles are normally categorized into four groups: nano <0.3mm, micro 0.3-5mm,
meso 5-20mm and macro >20mm (Barnes. et al 2009). Cole et al. (2011) mention that the size
is one of the main factors that make the plastic bioavailable for marine organisms. Some
plastic particles have a resemblance to the primary prey of many organisms and can be
ingested by mistake both directly and indirectly through plankton. During natural feeding
behavior many filtrating organisms such as clams and sea urchins mainly select their nutrients
based on size. White, yellow and tan particles resemble the natural prey and are more likely to
be ingested than other coloured particles. Therefore the colour of the plastic cause’s similar
problems as the size does for filter feeders. (Wright et al. 2013)
Another contributing factor of marine organisms ingesting plastic is density. Due to their low
density, some particles float up to the upper water column where they become available to a
variety of filter feeders, suspension feeders and zooplankton. After a period of time in the
ocean the low density plastic particles becomes subjects of biofouling, a phenomena where
microorganisms attaches to the surface creating a biofilm, which leads them to sink to the
benthic zone along with for example PVC that has a density higher than sea water. The
particles are subject to resuspension caused by waves or currents near the seabed and
bioturbation when benthic organisms search for nourishment. These phenomena cause the
particles to maintain available in the water instead of settling in the sediment. The particles
that do remain on the seabed or end up there after being egested are prone to be ingested by
detritivores and deposit feeders (Wright et al. 2013).

Krill is affected by the increasing amount of plastic particles in the ocean since they are filter
feeders and ingest the hazardous plastic during feeding. Krill is also the basic nutrition for
most of the marine living vertebrates which allows the micro plastic particles to move up the
food chain and affect all kind of creatures, from the big blue whale to small herrings by
accumulating in fat tissue (Zarfl et al. 2010). In conclusion, this man-made material causes
great damage to numerous marine living organisms and animals on its journey throughout the
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ocean and its trophic levels by substituting up the food chain and magnify they lastly reach
the source of their existence when humans consume fish or other seafood.

1.3 Additives, POP's and Phthalates

To receive desirable properties a number of chemicals, referred to as additives, are added to
the plastic polymers. Many of these additives pose as a threat to both human health and
biodiversity from cradle to grave, with grave being a relative expression since plastic waste
has a long lifetime and the leakage of hazardous chemicals continues even after disposal
(Lithner et al. 2011). An abundance of flame retardants which contain bromide, chloride or
fluoride, all endocrine disruptors, and additives such as plasticizers are added to receive
nonflammable properties which are extremely harmful. Polypropylene (PP), polyethylene
(PE) and polyvinyl chloride (PVC) are the most commonly produced plastics at 24, 21 and 19
percent respectively, of all plastic produced in the world (plasticsEurope. 2012). Neither PP
nor PE, in their pure state are particularly harmful to the human body or other organisms,
however in the ocean plastic is acting like a magnet by attracting organic pollutions. These
pollutions are non-water soluble and uses plastic like a lifeboat or transport vector to enter
organisms through ingestion. Hazardous substances such as POPs1, pesticides or industrial
chemicals, like Phthalates, are constantly present in the oceans. Their harmful properties
amplify when they bind to buoyant plastic that contain the enzymes needed for making the
pollutants bioavailable. The pollutants then bind to the surface of the plastic particles,
allowing for concentration compared to surrounding sea water. Therefore, marine living
vertebrates are more exposed to the pollutants attached to the plastic than if the substances
were to be free in the water (Andrady. 2011).Out of the three most commonly produced
plastics, PVC has the greatest hazardous effects on the human body. It is carcinogenic and can
be found in multiple products, such as toys, rain gear and mattress covers (Klar et al. 2014)
Samples gathered 2007-2013 revealed that there are more than 5.25 trillion plastic particles
in the world oceans of which micro plastic particles accounted for 92.4 percent (Eriksen et al.
2014). The most common way to quantify micro plastic particles is by using a microscope
while infrared spectroscopy may be the most reliable method to announce the hazardous
1

PFOA, PFOS, PCBs and PBDEs are classified as POPs. They are highly hydrophobic chemicals and
are easily stored in marine organism’s fat tissue. The bioaccumulation properties make them
hazardous to a variety of mammals as well as humans as they affect the endocrine system and many
of them are known carcinogens (Jones et al. 1999)
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substances that plastic contains. Micro plastic particles in ocean have been mapped frequently
during the last decades but through different types of methods, making the results more
problematic to compare (Hidalgo Ruz et al. 2012).

1.4 Purpose

This study solely focuses on micro plastic particles because their sizes make them possible to
ingest by a wide range of marine organisms while still being of such size that is possible to
collect and quantify with simple methods. The main purpose of this study is to examine how
many micro plastic particles there are present in the ocean outside of the Costa Rican west
coast, if the surrounding river mouths may contribute to the amount of plastic in sampled
areas and if it is possible to detect spatial differences between the areas. This paper will also
identify advantages and disadvantages by comparing different methods, including the one
used in this field study.
In summary, we will investigate hypotheses that there are micro plastic particles present in
oceans (hypothesis 1), that river mouths and the location between the South and North Pacific
gyres will result in the accumulation of plastic outside of the Costa Rican west coast
(hypothesis 2) and that different collection methods will generate different types of data
which makes it difficult to compare results (hypothesis 3).

2. Materials and method
2.1 Field study

Samples were collected on seven occasions resulting in 21 samples in the Pacific Ocean
outside of the Nicoya peninsula in Costa Rica shown in figure 1 in early spring 2015. Weather
conditions were mostly clear sky and sunny. Wave heights were ranked according to the
Beaufort scale, see appendix 1, with an average of 2 standing for small wavelets.
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Figure 1. Red spot marks out Nicoya Peninsula,
Costa Rica. The area wherefrom all sampling
begun (Google maps 2015).

As shown in figure 2 the area was chosen due to its location between the South and North
Pacific Gyres which are accumulation zones for plastic waste and garbage (Eriksen. 2013)

Figure 2. North pacific gyre and south pacific gyres in
the Pacific Ocean. Red spot points out Costa Rica
(Google maps 2015).

2.1.1 Description of sampling areas

All sampled areas shown in figure 3 are connected to different river mouths, carrying waste
into the bays from nearby villages. Rio Bongo, the largest one, accumulates waste from inland
rivers and flows out in Checkpoint A, next to the beach Playa Caletas a protected area for sea
turtles. Checkpoint B, located outside playa Coyote offering great recreational value and
hosting a camp site and a popular beach. Offshore there is a reef interrupting currents from
northeast.
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Figure 3. Four areas (A, B, C, D) close to the beach
were trawled in three different directions. To be able to
make a comparison another three areas (E, F, G) where
chosen further out in the ocean. All samples were
conducted in the Southeast Pacific Ocean outside of the
Nicoya peninsula in Costa Rica (Google maps 2015).

2.1.2 Sampling

This study is based on a method used in a variety of published studies on quantifying of micro
plastic particles. For example in Eriksen et al. (2014) this method was used in 24 expeditions
(2007-2013) in all of the world’s oceans. Doyle et al. (2010) used a trawl filtrate the upper
surface to sample outside the U.S west coast from Seattle to San Diego. Hidalgo Ruz et al.
(2012) made a comparison between methods used to sample micro plastic in sea water where
26 out of 33 studies were collected on the surface. To better suit this project some small
adjustments were made. All samples were collected during one hour using a manta trawl with
neuston net provided by Marcus Eriksen, CEO of 5Gyres (a non-profit organization working
for elimination of plastic pollutions in oceans). The trawl, with an opening of 16x61cm, was
floating ten meters behind the boat filtering the upper water column with a speed of 1-1.5 m/s.
The net measured 3 m long with a container attached to the end gathering the samples. Both
net and container had a pore size of 0.333 mm. Prior to every sampling a trawl schedule, see
appendix 2, was filled in with relevant data such as; GPS position, time, weather conditions
and wave height. Most trawling was divided into two stretches with a 180 degree turn after 30
minutes because of the limited size of the areas. In contrast to previously tested methods were
trawling is done for 60 minutes in one direction, this change was made to improve
thecoverage in chosen checkpoints.
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Two sieves with pore sizes 2 mm and 1 mm shown in figure 4 were used to categorize into
size and sort out organic material from the samples. After one hour the container was
removed from the trawl and the collected material was emptied over the two lined sieves. To
transfer the sample from the container to the sieves a 1.5 L spray bottle with pressure 2-3 Bar
containing sea water was used instead of fresh water according to studied methods. Of the
three samples collected in all occasions the last one was brought back to mainland for
filtrating using fresh water.

Figure 4. To categorize by size and sort out organic
materials from samples two sieves with pore size 2
mm and 1 mm were used.

Every sample received an ID-number and was dried in the sun before sealed in aluminium
folio as seen in figure 5. After collection of all 21 samples an ocular analysis using a MOTIC
SMZ-168 microscope was performed to quantify the amount of plastic and categorize based
on colour. Finally particles from all samples were separated from organic material and
collected in a petri dish, see figure 6.

Figure 5. Gathered material was stored on aluminum foil instead of a glass jar, this change was made
to simplify transport and storing.
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Figure 6. Collected micro plastic particles from all 21 samples and a detailed picture of two plastic
particles where the blue has been subjected to biofoulding.

The result was compared with trawling distance covered and the measurements of the trawl
opening to calculate the abundance of plastic particles per square kilometer sea (speed(1.5
m/s)*time elapsed(3600 s)*opening trawl(0.61m)=3,3km2) , number of plastic particles per
sample/3,3= n/km2). The predictive analytics software SPSS was used to calculate a standard
deviation of all mean values of the checkpoints. A deep current map, provided by Dr. Omar
Lizano oceanographer at Universidad de Costa Rica was used to estimate the source and paths
of the micro plastic particles to chosen areas.
In consultation with Eric Lopez at Pretoma (A non-profit organization for Marine
Environment Preservation in Costa Rica), four check points were chosen from where six
sampling occasion proceeded: Rio Bongo (A), Rio Coyote(B), Rio Javilla(C) and Punta
Bejuco(D). The checkpoints were chosen because of their importance for environmental
protection and the presumable amount of plastic waste the rivers transport from local
communities. An additional area (E) located outside of the coast was added to be able to
compare close-to-the-beach samples with an open water sample. This area was added to
investigate the influence of rivers and ocean gyres as a source to micro plastic particles.

2.2 Literature study

Four studies, including this, were chosen to make a comparison of different methods for
collecting micro plastic particles in the upper water column at sea. The studies were chosen
based on their differences in sampling locations, measurements of trawl, trawling distance and
time, pore size of filters and analysing-methods to be able to receive a result unveiling the
need for standardization. Literature search was conducted using the following databases:
Google scholar, Science direct and the journal “Marine pollution bulletin”. The keywords
"micro plastic particles", "quantification of micro plastic particles", "micro beads" or
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"south/north pacific gyre" were used. Studies concerning micro plastic particles in sediment
or deep water were discarded. The number of articles was narrowed down by deciding to only
use studies published year 2010 or later. Finally, two studies with no or little similarity
regarding their methods were purposely chosen to be able to show the need for
standardization and Eriksen et al. 2013 because of its similarities with this study to show that
similar methods simplifies a comparison. Lastly data from methods and results in each study
was reviewed and compiled in a table.
After an initial analyse and discussion of the four studies an additional six articles were added
in a second round. Search criteria's were widened by deciding to accept studies published
from 2001 to present time and they were found by using the same keywords and databases as
the first ones with an exception for one article that was retrieved from KIMO Sweden, an
International environmental Organisation. Main focus was on the differences in particle size
gathered and the unit in which the result was presented. This decision was made after the first
analyse, while discovered the importance that size in particular has when comparing results.

3. Results
3.1 Quantification from 21 samples

Table 1 presents the 21 samples studied to obtain the abundance of micro plastic within the
size category 1.00-2.00 mm in each of them. Quantification revealed plastic in 19 of 21
samples with a range between 1-81 particles. Noticeable amounts of plastic were found in the
samples gathered in checkpoint C containing 81, 47 and 32 pieces of micro plastic particles
respectively which counts for 56.6 % of the total amount collected in all 7 areas.
Table 1 also shows the amount of plastic particles per square kilometer, a result of the number
of particles in each sample divided with the area trawled. The recorded data indicate an
average of 9.91 micro plastic particles per square kilometer. According to table 2 check point
C, which counted for the largest amount of particles, contained 16.06 micro plastic particles
per square kilometer. Standard deviation and the coefficient of variation presented in table 1
makes it clear that even if all three samples in checkpoint C contained a great amount of
particles there is still a different between them. Biggest difference in standard deviation of
particles per square kilometer was found in area B, making this area more difficult to
convincingly compare with the others.
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Table 1 shows results in both n/particles and n/km2 of micro plastic particles in samples from the Pacific Ocean
outside of the Nicoya Peninsula, Costa Rica. It also presents the mean value (MV) with standard deviation (SD)
from each checkpoint wherefrom three samplings occurred. Shown is also the coefficient of variation in every
area (CV).

Checkpoint

A
B
C
D
E
F
G

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3

n particles n/km2
1
0.30
1
0.30
1
0.30
12
3.64
4
1.21
0
0
81
24.55
32
9.39
47
14.24
7
2.12
0
0
9
2.73
11
3.33
8
2.42
3
0.91
1
0.30
9
2.73
11
3.33
4
1.21
14
4.24
27
8.18

MV n/km2 SD n/km2

CV

0.30

0.00

0%

1.62

1.85 114%

16.00

7.74

48%

1.62

1.43

88%

2.22

1.22

55%

2.12

1.60

75%

4.54

3.49

77%

The two first samples in each occasion was filtrated with a spray bottle containing sea water
compared to the last sample brought back on mainland and filtrated with fresh water.
According to table 2 the two first samples contained 41 % and 24 % respectively of all
collected micro plastic particles, while the third one contained 35 %. By eliminate checkpoint
C from the calculation, having the highest abundance of micro plastic particle of all sample,
the result appeared to change whit 29 % respectively in sample one and two and 41 % in
sample three.
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Table 2 represents the comparison between samples filtrated with sea
water or fresh water. It is calculated in total amount of micro plastic
particles for all samples also represented in percent.

Salt water sample 1
Salt water sample 2
Fresh water sample 3

Checkpoint C

total

total %

81
32
47

117
68
98

41%
24%
35%

total
36
36
47

total %
29%
29%
41%

Salt water sample 1
Salt water sample 2
Fresh water sample 3

In total 283 micro plastic particles with the size range 1-2mm were gathered. By quantifying
the amount of plastic categorizes based on colour, following result present in figure 7 could
be received. The most common colour in all samples was white/clear particles while blue and
green particles together stood for 37.8 %.

42.8% White/Clear

21.9% Green

15.9% Blue

4.6% Grey/brown

5.0% Red

3.9% Black

3.5% Yellow

2.1% Purple

0.4% Orange
Figure 7 shows micro plastic particles from the 21 samples divided into colour categories.

3.2 Comparison between methods

Table 3 shows a comparison between four studies published between 2010 and 2015. Pore
size of the net used for sampling was the same in all four studies (0.33 mm) but the size of
quantified micro plastic particles differed. Rios et al. (2010) analyzed the whole range of
particle sizes that are specified as micro plastic particles; from 0.33 mm to 5.00 mm. Doyle et
al. (2011) used a 0.500 mm sieve to filtrate samples but did not specify an upper size limit of
particles. Eriksen et al. (2013) and this study both used sieves with pore sizes 1 mm as a lower
14

limit meanwhile the upper limit differed with 2.75 mm and 2 mm respectively. The study
conducted by Eriksen et al. (2013) quantified particles in the size range 0.35-4.76 mm divided
into five size categories: 4.749-2.800, 2.799-1.000, 0.999-0.710, 0.709-0.500 and 0.4990.355. As seen in table 3, four trawls of different size were used; 15x90 cm Manta trawl in
Rios et al. (2010), 15.5x86 cm Manta trawl and 30x50 cm Sameoto trawl in Doyle et al.
(2011) and 16x60 cm Manta trawl in both Eriksen et al. (2013) and this study. All four studies
use ocular quantification to identify plastic particles in samples. Doyle et al. (2011)
supplemented with spectroscopy when analyzing polymers in the plastic and Rios et al.
(2010) used a Shimadzu model 8300 Fourier Transform Infrared Spectrometer (FT-IR) to
identify POPs adsorbed by collected plastic particles. The results are presented in number of
particles per square kilometer sea surface in Eriksen et al. (2013) and this study. Doyle et al.
(2011) dried all plastic particles after quantification and presented the result in both mg / dry
mass of plastic per cubic meter sea water and n particles/cubic meter. Rios et al. (2010) did
not present the abundance of plastic particles. Doyle et al. (2011) performed his studies near
the coast, the first in an urbanized area and the second in an unexploited, remote area. This
study was carried out near the coast outside of an unexploited, remote area as well. The other
two studies were conducted in gyres, also referred to as plastic accumulation zones, where a
high content of micro plastic particles were found.
Table 3. Comparison of four studies about quantifying of micro plastic particles. Table present the difference of
methods used for sampling, filtrating and quantification.
Study
Trawl
Particle size
Storing
Trawling time
Method- quantification
Unit
n Samples
Area

This study (2015)
16x60 cm
1-2 mm
Aluminum foil
60 min
Ocular
n/km2
21
Costa Rica Southeast Pacific ocean

Eriksen et al. (2013)
16x60 cm
0.33-4.75 mm
Glass jars + formalin
60 min
Ocular
n/km2
48
South Pacific Gyre

Doyle et al. (2011)
30x50 cm, 15.5x86 cm
0.5 mm
Sample jars + formalin
10 min, 15 min
Ocular + spectroscopy
mg/m3 + n/m3
271
U.S Northeast Pacific ocean

Rios et al. (2010)
15x90 cm
0.33-5.00 mm
Unspecified, frozen -20°C
60-120 min
Ocular + FT-IR
Hazaedous substances
8
North Pacific Gyre

Table 4 shows that six studies, Norén (2007), Moore et al. (2001), Moore et al. 2002), Lattin
et al. (2004), Gilgillian et al. (2009) and Doyle et al. (2011), presented their result in n
particles per cubic meter. Two, this study and Eriksen et al. (2013), used the unit n particles
per square kilometre. Meanwhile, another two did not present their result in abundance at all,
Morét-Ferguson et al. (2010) focused on analysing size, mass, density and Rios et al. (2010)
on hazardous substances as PAH´s and PCBs instead. The greatest amount collected in cubic
meter was outside an industrial harbour, Sweden west coast, with 7032 particles/m3. Least
amount of particles was collected in the northeast Pacific Ocean and outside of the Nicoya
peninsula, both coastal areas.
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Table 4 comparison of amount micro plastic particles per unit. Exception is made in two studies only focusing
on size, mass, density or hazardous substances in the plastic.

Study
Area of sampling
n particles/Unit
Norén (2007)
Swedish west coast
7032/m3
Moore et al. (2001)
North pacific gyre
2.23/m3
Moore et al. (2002)
San Gabriel river, California 7.25/m3
Lattin et al. (2004)
Santa Monica bay, California 3.92/m3
Gilfillian et al.(2009)
Southern California coast
3.14/m3*
Morét-Ferguson et al. (2010)
Western North Atlantic Ocean size, mass and density
This study
Nicoya Penisula Costa Rica
9.91/km2
Eriksen et al. (2013)
South Pacific subtropical gyre 26.90/km2
Doyle et al. (2011)
Northeast Pacific ocean
0.004 - 0.19/ m3
Rios et al. (2010)
North pacific gyre
Hazardous substances**
*Highest content
**Samples were analyzed for PAHs, PCBs, organochlorine pesticides and aliphatic
hydrocarbons.

Plastic particles with size range 5 mm and below are categorized as micro plastic particles.
Sieves were used by five studies; Moore et al. (2001), Moore et al. (2002), Lattin et al.
(2004), this study and Eriksen et al. (2013), using sieves of variable mesh size makes it
possible to filtrate the collected material into different size fractions. The size range of the
sieves in chosen studies varied between 0.35-4.76 mm. 40 %, Moore et al. (2001), Moore et
al. (2002), Lattin et al. (2004) and Eriksen et al. (2013), used equipment called Tyler sieves
with five different size classes: 4.76 mm, 2.80, 1.00 mm, 0.71 mm, 0.50 mm, and 0.35 mm
respectively. Morét-Ferguson et al. (2010) and Norén (2007) did not have an size upper limit.
The lower size limit was most commonly determined by the net size, typically 0.33 mm. Two
studies, Doyle et al. (2001) and Rios et al. (2010), had the widest size range and divided their
samples in five categories based on length measurements: <1 mm, 1-2.5 mm, >2.5-5 mm, >510 mm, and >10 mm, with 10mm quantifying macro plastic particles. Figure 8 presents the
size range in each study.
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Norén (2007)
Moore et al. (2001)
Moore et al. (2002)
Lattin et al. (2004)
Gilfillian et al. (2009)
Morét-Ferguson et al. (2010)
Mårtensson & Roos (2015)
Eriksen et al. (2013)
Doyle et al. (2011)
Rios et al. (2010)
0.3

0.5

1.0

1.5

2.0

2.5

3.0

4.0

5.0 10.0

Figure 8 shows the size range of quantification from each study.

Six out of ten studies presented the abundance of micro plastic particles based on size classes.
Three of them presented numeric data that is shown in figure 9, the other two simply
presented data in figures whose exact values could not be gathered. The sixth study presented
their data numeric but divided their results according to weight and density. The results
indicate that micro plastic particles within size range 2.700-1.000 mm are the most frequently
found particles in oceans.
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Moore et al. 2001

Moore et al. 2002
Number of micro plastic particles (%)
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Size Classes (mm)
Figure 9 presents the number of micro plastic particles in %
categorized in different size classes from 0.355 - 4,760 mm

4. Discussion
4.1 Factors affecting the differences between areas

The analysis of the samples shows a pattern indicating that the concentration of plastic
particles increases further out from the coast. To be able to make a comparison between
coastal areas and locations further out in the ocean, sampling areas E, F and G was added
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during the study to evaluate whether there was a significant difference or not. Area E differed
regarding its location the furthest from the beach by containing the third most amount, 22
particles in total, of all areas sampled. The two other locations area F and G contained in total
21 and 35 particles respectively, higher values than for the samples close to the coast with the
exception of checkpoint C. The results indicate a higher amount of micro plastic particles
with distance from the beach. By studying the deep current map we assume that the deep
currents in this area generally pull plastic fragments away from the beaches instead of
accumulating in bays and shallow waters with an exception for Checkpoint C. Checkpoint C
contained the largest amount of micro plastic particles with 56.5 % of the total amount
collected in all locations. In the surroundings of the beach there are numerous vacation homes
as well as local families living and is therefore more populated than any of the other sampled
beaches resulting in more litter and waste. In addition, checkpoint C is a narrow shaped bay
with a river mouth where garbage from the nearby villages is accumulating. As a consequence
of its narrow formation plastic released by the river accumulates here. Rio Bongo is believed
to answer for a great volume of garbage by assembling waste from local communities and
surrounding rivers on the mainland according to Erick Lopez2. A current passing the estuary
of Rio Bongo, Rio Coyote and Rio Javilla collects and transports waste from these sites to the
reef of Punta Coyote where it breaks thus generating in the release of micro plastic particles
into the bay. In contrast to Checkpoint C, checkpoint A located in the farthermost southwest
direction consisted the lowest levels of micro plastic particles. A reason for the low levels
detected in checkpoint A might be related to its location within a protected area that reaches
out 19.3 km from the beach. Due to this area being protected sources like for instance beach
litter and fishing gear is not contributing to the amount of plastic.

In this study about 38 % of gathered micro plastic particles were blue and green, a color range
that includes nets and ropes based on visual examination of local fishermen’s equipment. This
indicates that a large amount of plastic originates from the local fishing industry and count as
the main source in this general area resulting in an anomaly for checkpoint A. The most likely
origin of the particles that was collected in this area is instead currents carrying plastic waste
from other locations. Even though a considerable amount of plastic was detected during
sampling the result did not measure up to the amount collected in the south pacific gyre.
Sampling in the south pacific gyre resulted in a mean value of 9792.8 micro plastic particles
2

Erick Lopez Pretoma, email conversation 17 Apr 2015.
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per square kilometer using a similar method conducted by Eriksen et al (2013) compared to
9.91 in this study. However, it is important to notice that the size category in the south pacific
gyre study was different and it has a bigger range, 1.00 – 2.75 mm, which probably has a
positive effect on the collected amount of particles.

4.2 Unexpectedly low number of particles

According to Eriksen (2013), the gyres accumulate waste and plastic which was an important
factor while selecting sampling spot. Macro plastic particles in the gyres receive a higher
density while exposed to biofouling which leads them to sink low enough to escape from the
gyres (Lebreton et al. 2012). In turn the surrounding sea contains a greater amount of plastic
subjected to degradation. One of the hypotheses in this study was therefore that the gyres
would have a "positive" impact on the collected amount of particles because of the plastic
escaping from accumulation zones. Our results indicate that the nearby located gyres did not
notably affect the results from sampling outside Costa Rica. The large currents connected to
the gyres seem to pull out from the coast rather than carry micro plastic closer to the beaches.
The amount of plastic seems to depend more on these currents and their transport of particles
from an external source rather than input from local sources. The consequence is micro
plastic particles being pulled out from the coast by currents while macro plastic particles on
other hand accumulate along the shores. Lebreton et al. (2012) also supports this hypothesis in
their study. The unexpectedly low number of micro particles observed from sampling on the
Costa Rican west coast could also be dependent on a variety of other factors. This area is not
very touristic compared to similar locations in this region which affects the amount of beach
litter. In addition to the low tourist activity the area is not very populated and the largest
village San Francisco de Coyote with surroundings only has 1400 inhabitants. Due to the
good reputation of the local organization Pretoma, people in this small town tend to be aware
of the environment and the importance of keeping land as well as ocean clean to benefit
endangered species. There is also a potential that the use of different methods affects the
result, which is discussed below.

4.3 Position and handling of trawl

One of the alternations from the method proceeded from was how to place the trawl in
relation to the boat. Instead of hanging it in a beam on the side of the boat it was dragged ten
meters behind. Although visually making sure that the turbulence of the boat would not affect
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the trawl it does not exclude the fact that turbulence could affect the number of particles
collected. However, does placing the trawl on the side of the boat eliminate this
miscalculation? Even when placing the trawl on the side, it should be affected by turbulence
from the boat cutting the water. The question is whether this stirring is similar to the one
created by a boat engine. Could this lead to more plastic particles collected during sampling
because of the boat forcing water to the side and right into the opening of the trawl? If this is
the case, placing the trawl in front of the boat would be optimal to avoid any disturbances.
In contrast to proven methods a change was made to better suit this project. Instead of
trawling in one direction for 60 minutes most trawling were divided into two stretches with a
180 degree turn after 30 minutes, resulting in a better coverage of the chosen area. Turbulence
from the boat may have an effect on the trawled area pursuant to the change of direction back
to the starting point. On other hand, this should only affect the very beginning of the next 30
minutes due to the ocean having enough time to recover from the start of trawling. By
trawling in one direction there is no diffidence in trawl breaking new waters during all 60
minutes. It is important to mention that the trawl never stopped during the turn which also
was performed during the same speed as the rest of the trawling.
4.4 Sea water versus fresh water, a contamination risk?

To simplify sampling sea water was used instead of fresh water while using a spray bottle to
transfer the material gathered from the container positioned in the end of the trawl to the
sieves. The change omitted the need of bringing tanks of fresh water on the boat leading to
savings on the environment and an already water-poor country. A disadvantage by using salt
water instead of fresh water is the risk of contamination by collecting micro plastic particles
from the spray bottle leading to an increased amount in the samples. The last sample out of
three during each occasion was brought back to mainland filtrated with fresh water. A
comparison between the two first samples filtrated on the boat with seawater in addition to the
last one brought back on mainland filtrated with fresh water was made. From the total amount
gathered micro plastic particles in this study sample number one and two stood for 41 % and
24 % respectively while micro plastic particles collected in sample number three represented
35 %. This result does not support the risk of contamination due to an increased amount of
gathered plastic. However, the result is not different enough to fully abandon the risk of
contamination. Checkpoint C contained 56.5 % of all collected micro plastic particles in total
with 81, 47 and 32 particles respectively. This great amount of particles has a determinant
factor of the result while comparing the three samples to each other. A link between the
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amount of particles detected in checkpoint C and the results from the comparison between the
three samples in every area could be reflected. By excluding the results from checkpoint C a
complete different result was received indicating that there are 29 % in sample one and two
respectively while number three contained 41 %. This result on other hand could further

endorse the fact that no crucial contamination occurred by using seawater. In addition the
small size of the opening of the spray bottle minimized the risk by being smaller than the size
of particles collected during this study, leading to no additional particles in the samples. Using
a spray bottle of different material than plastic should, however, be considered when
quantifying particles of smaller size.
4.5 Storing options and quantification

The most common way to store sampled material is by using glass jars as containers which
should be stored in a refrigerator or preserved in formalin. Next step is to put the material
from the glass jars to a sheet, making it possible to study the micro plastic particles under a
microscope. In this study the samples were stored on aluminum foil instead of a glass jar, this
change was made to simplify transport and storing. By avoiding glass jars, the transport of the
21 samples was not dependent of additional space and it was therefore favored in this report.

Another reason for selecting aluminum foil instead of glass jars was to omit the need for
transferring the sample from the glass jar to a flat surface when analyzing and thus eliminate a
step with the potential of adding a margin of error to the final result. Using aluminum foil
resulted in the need to dry the samples. The material could be quantified both dry and wet
depending on time against degradation, storage options and preferred method. Using a wet
sample during quantifying makes it easier to stir by eliminating the scattering and movement
a dry sample would induce. Wet materials also results in a larger volume sample to search
through due to the higher water content leading to increased difficulty of finding the particles.
In contrast a dry sample is easier to search trough as the material tend to brake and reveal
particles hidden in organic residue, despite the greater need to treat the sample with caution.
Dry samples suited this project very well since it simplified the counting of particles. Worth
mentioning is that the human factor counts for a big miscalculation while visually quantifying
the micro plastic particles in a microscope. A trained eye could distinguish a micro plastic
particle from organic residue where another person would experience the same situation more
difficult. In addition, Browne et al. 2011 as well as Hidalgo Ruz et al. 2012 states that solely
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visual examination when quantifying induces miscalculation seeing that fragmented particles
often resembles natural particulates when exposed to biofilms that discolor their surface.

4.6 Importance of a standardization

Comparing results from different studies can be fairly easy and justified as most results are
presented in number of particles/m3 however, this study and Eriksen et al. 2013 results are
presented in number of particles/km2. The unit m3 can be converted to km2 since the depth of
the trawl is known. Complexity is added when results presented in figure 8 representing
different size range quantified and figure 9 showing the number of particles per size class,
combines with this data and it becomes clear that a mean value of the total amount of plastic
collected during trawling says nothing about the distribution of particle size in this area. This
is why the lack of a universal ground of judgment while counting the micro plastic particles
could be one explanation for disparity in results. The term “micro plastic particles” are
defined as plastic fragments in the size range 0.33-5.00 mm, a spectrum in which a lot of
characteristics vary. A mutual effect that particles in this size range have is the capacity to
adsorb and transport POPs making it bioavailable. Meanwhile they distinguish from one and
another, for example by plankton not being affected by the larger particles as they are by
smaller they can ingest. Not only do these diverse sized particles target different types of
organisms, they also show variance in their abundance as confirmed by the results in Eriksen
et al. (2014) and shown in figure 9.
Analyzed particles are of a wide variety because no definite size categories for sampling are
set. This is essentially not a bad thing but becomes a problem when comparing studies.
Another concern is the disparity in results dependent on the size chosen to sample. As
mentioned before, some particles are difficult to distinguish from organic matter and this
concern the smaller particles in particular. The disparity should therefore be smaller in
samples containing bigger particles. In this study, a sieve with a pore size of 1 mm was used
to separate smaller particles and one with pore size 2 mm to seclude bigger particles.
Choosing to quantify particles of size 1-2 mm led to more certainty when sorting out plastic
from organic material but made the result difficult to compare to other studies. Although a lot
of factors are depending on the final result the different size categories added complexity to
the comparison. One thing that is not affecting a comparison between studies is the use of
different trawls as long as they have the same trawling depth. It is important to remember that
upper water column sampling greatly underestimates the total amount of micro plastic in
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oceans as it excludes particles in mid-water and sediment. Trawls going deeper will therefore
not represent the same “column” and could potentially contain other types of plastic with
higher density.

4.7 Conclusion

In conclusion, reviewing a number of scientific articles as well as conducting this study
reveals the need of a standardization regarding sampling of micro plastic particles and the
classification of their size range. A result is obtained regardless the method of sampling and
particle size but it is difficult to compare the data with results obtained from other areas if it is
not collected in a similar way. While discussing the need for standardization of a universal
method is it important not to forget that present methods are well functioning and effective at
giving an idea of the plastic state in the sea. Although the result from this study contained
lower levels of micro plastic particles than those in previous studies which were conducted in
plastic accumulation zones, it shows that they are present even in waters surrounding
protected areas and villages with a low population. Their positively buoyant density allows
them to travel long distances and consequently making them spread very fast. Although
previously known, it also becomes very clear that rivers are contributing with a great amount
of plastic to oceans all over the world. Sampling in an area where the content of micro plastic
particles is not known to be high, as in accumulation zones, might not generate in high results
but it proofs that this kind of study is important. It enables a more accurate assumption to
what plastic state oceans are in since gyres are an anomaly compared to the general sea. The
only way of avoiding more plastic particles ending up in oceans is to start at the source.
Because plastic is such a long lived material whose hazardous effects and bioavailability is
increasing in the rate of its size decreasing, its presence in oceans should be prevented.
Following measures are examples:


Implementation of better working garbage disposal systems in undeveloped countries



Spreading information about hygiene products containing micro beads



Developing systems for reporting of lost fishing gear at sea



Research towards alterative materials, for example cellulose



Improve recycling and reusing of plastic objects



Organized beach clean-ups



Installation of filters in sewage plants
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Implementation of global environmental guidelines for usage, production and disposal
of plastic products

To fully understand the state of micro plastic particles and their fatal effects research towards
identifying the impact of hazardous substances adsorbed by plastic and possible influence on
human health is a necessity. Most scientific articles are based on marine organisms and the
potential harm substances adsorbed by micro plastic particles pose to them. A connection
between humans and the effect of micro plastic particles could be obtained through
epidemiological studies in order to maintain a progress in this field. In the present moment
there is no immediate proof that humans are affected by this, only strong hypothesis. This
man-made material causes great damage to numerous marine living organisms on its journey
throughout the ocean and its trophic levels, by magnifying in the food chain they lastly reach
the source of their existence when humans consume fish or other seafood. Even if no direct
connection has been revealed it is clear that by disturbing the base of the food chain
unexpected consequences can appear.

4.7 Global and Swedish environmental goals

The phenomena of micro plastic particles and the lack of resources put towards diminishing
the problem is a deviation from global environmental goals set by UNEP/UN as well as the
Swedish governance. Three global (GEGs) and four Swedish environmental goals (SEQO)
are affected and will not be fulfilled as long as micro plastic particles are increasing in oceans
worldwide.
Following are the obstacles micro plastic particles bring to each goal:






Climate change/Reduced climate impact (GEG & SEQO) –The production of
plastic has a great impact on the environment and climate by releasing CO 2-gas
emissions. One of the solutions to decrease micro plastic particles in oceans is to
research alternative materials.
Chemicals and waste/a non-toxic environment (GEG & SEQO) - the hazardous
substances plastic contain affects marine living animals and possibly humans. The use
of substances that can have a toxic effect on human health should be prevented in the
environment.
Oceans and seas/A balanced marine environment, flourishing coastal areas and
archipelagos (GEG & SEQO)- This goal is about preventing hazardous substances
and waste in oceans that are affecting flora and fauna as well as limiting the spread of
alien species, all problems associated with micro plastic particles.
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Flourishing lakes and streams (SEQO) - Considering the impact of rivers have on
the abundance of micro plastic particles it is clear that rivers contain a lot of plastic
that could have a serious impact on the biodiversity which is an important foundation
for a well-functioning ecosystem.

As for the ethical aspect of micro plastic particles, drastic measures such as implementing of
recycling and garbage systems are solutions that require resources many developing countries
do not have. Many countries have more present matters to deal with and putting resources
towards an environmental problem could possibly create a conflict between environmental
and social tasks were poverty for example is a pressing matter. But as stated by the UN about
the global goals, cooperation between states is a necessity and especially so when dealing
with a waterborne issue such as micro plastic particles. Even if the majority of this study is
concerning Costa Rica, the literature study supports the fact that this is a global matter of
which everyone is responsible.
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Appendix 1

BEAUFORT SCALE OF SEA STATE
Beaufort force 0-12

Wind speed

Sea Criterion

Force 0

Less than 1 knot

Sea like a mirror

Force 1

1-3 knot

Ripples with the appearance of
scales are formed, but without
crests.

Force 2

4-6 knot

Small wavelets, still short, but
more pronounced – crests have
a glassy appearance and do not
break.

Force 3

7-10 knot

Large wavelets. Crests begin to
break. Foam of a glassy
appearance. Perhaps scattered
small white caps.

Force 4

11-16 knot

Small waves, becoming longer,
fairly frequent small white
caps.

Force 5

17-21 knot

Moderate waves taking a more
pronounced long form, many
small white caps are formed.
Chance of some spray.

Force 6

22-27 knot

Moderate waves taking a more
pronounced long form, many
small white caps are formed.
Chance of some spray.
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Appendix 2

TRAWL COSTA RICA 2015

Flow metre
Date GPS start start

Wave Weather
GPS Finish Time Finish height description ID-number Sign Comments
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