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ABSTRACT 

This master thesis is divided into two parts: a complete state of the art of the microplasticsô 

pollution, where the studies made up until September 2017 are analyzed and discussed; and a 

presentation of a replicable method to quantify directly the microfibers detached when washing 

garments, which is of special interest for the apparel industry. 

Microplastics are little pieces of synthetic plastic debris with a usually accepted length of < 5mm. 

These pollutants have been recently recognized as an environmental issue as they have been found 

in almost every sample taken across each environmental system of the world. Microplastics are 

ubiquitous in the oceans, where concentrations of buoyant plastics are up to 18 kg/km2 or 

1,000,000 pieces/km2 in the center of oceanic gyres. 

The impacts that these pollutants may possess are still unknown, but they might have a high 

harmful effect potential; consequently, a growing and globalized concern on the subject has been 

reflected on the increasing studies that are made each year to understand this situation. The 

microplastics threaten environmental systems properties, small and big organismsô life, the food 

chain, and even the human health, as these pollutants have been found in tap water and edible 

seafood ready for human consumption, among others. 

However, it was seen that further investigation is needed to understand the absolute and relative 

contributions of the sources, the distribution of the microplastics in the environment, the fate of 

these micropollutants, and the impacts they could generate. 

Microfibers are a sub-group of the microplastics. These have a cylindric shape and their origin 

could be the normal washing of textile garments, the use of accessories of the fishery industry, 

etc. Here, a replicable and direct method to quantify textile microfibers was elaborated. It was 

found that a sports polyester garment detaches approximately 15 microfibers per gram of garment 

per liter of effluent, or 2,700 microfibers per square meter of garment per liter of effluent. 

Finally, this report intends to contribute by also giving recommendations, hypothesis and specific 

works proposals.   
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1.  Background 

 Terms & Basic Definitions 

1.1.1. Plastics 

Plastic is a general common term used for a wide range of synthetic or semi-synthetic materials, 

commonly derived from petrochemicals and employed in a huge and growing variety of 

applications (PlasticsEurope, 2017). The UNEP defines ñplasticò as a sub-category of a larger 

class of materials called polymers, which may sometimes be supplemented with copolymers 

and/or additives, and that generally have poor water solubility and biodegradability (UNEP, 

2015). These polymers are large organic molecules composed of repeating carbon-based units or 

chains, in which different elements as oxygen, nitrogen, sulfur, and chlorine may be included too 

(GESAMP, 2015; Peters & Bratton, 2016). 

Plastics provide a diverse range of inexpensive, lightweight, strong, durable and corrosion-

resistant products, making this material indispensable in every aspect of our daily life and 

attractive for every sector of the industry, covering from clothing to automotive and from 

electronics to agriculture. Consequently, world plastic production has grown exponentially during 

the last decades, going from 1.7 million tons in 1950 to 322 million tons in 2015, and itôs expected 

that will continue increasing in the same way. In 2016, polyethylene production accounted for a 

24% of the total plastic production, followed by polypropylene (18%), polyester (16%), and 

polyvinyl chloride (12%) (Figure 1.1) (PlasticsEurope, 2017). The production is so elevated and 

the growing so accelerated that nowadays the plastic industry consumes approximately 6% of all 

the oil used in the world and will increase to 20% by 2050 (Ellen MacArthur Foundation, 2016). 

 
Figure 1.1.The relative production of the main plastics (Own elaboration). 

 

1.1.2. Plastic Waste 

As said before, plastics products production has been growing exponentially. Approximately a 

50% of the production is used to make packaging, from where much of which is used in disposable 

applications (Napper, Bakir, Rowland, & Thompson, 2015). This throw-away culture, in addition 

to the long durability of plastics and the globalized lack of waste management systems, have 

resulted in the presence of plastic debris in every environmental system worldwide (Duis & Coors, 
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2016). Therefore, it`s considered a major anthropogenic pollution associated with high human 

population densities and industrial activities (Nel, Hean, Noundou, & Froneman, 2016). 

According to scientific estimates, plastic litter can constitute up to 54% by mass of all 

anthropogenic waste materials dumped into the environment (Horton, Walton, Spurgeon, Lahive, 

& Svendsen, 2017). The marine environment is particularly polluted with plastics, for instance, 

nowadays the ratio plastic to fishes is around 1:5 (by weight), and that by the year 2050 will be 

greater than 1:1 (Ellen MacArthur Foundation, 2016).  

Each year around 5% of global plastics production ends up as marine litter, which could mean a 

quantity as high as 19.7 million tons per year (Jambeck et al., 2015; Sherrington, Darrah, Hann, 

Cole, & Corbin, 2016). These wastes include residues of all sizes with different properties that 

may physically, chemically, and/or biologically harm living organisms (Mark Anthony Browne, 

Rochman, et al., 2013). The magnitude of the problem has made some scientists to consider this 

pollution as a truly global challenge (McKinsey Center & Ocean Conservancy, 2015). 

1.1.3. Microplastics 

The term is used to describe a heterogeneous mixture of small and synthetic plastic particles that 

could be littered directly into the environment or originated once in the environment as a result 

of a larger plastic fragmentation (GESAMP 2016). Their size and origin are still a subject of 

discussion, but itôs usually < 5 mm or < 1 mm. They could have a primary or secondary source in 

function of their origin. The size and the categorization are further explained in the section 

Definition & Size. These pollutants were recently recognized as an environmental issue. Figure 

1.2 shows that this is a relatively new subject with g a growing concern: 

 
Figure 1.2. The exponential growth of studies made on microplastic pollution:  

global concern and emergent situation (www.scopus.com). 
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Some authors believe that all microplastics should be considered pollutants, not only the synthetic 

ones. For example, cellulose plastics are recalcitrant under marine environments (Andrady, 2011) 

and could also act as vectors for harmful chemicals, making these particles risky to the living 

organisms and worthy for the term ñpollutantò (Dris, Gasperi, Saad, Mirande, & Tassin, 2016). 

1.1.4. Fibers & Microfibers  

Fibers are polymers used in a wide variety of industries, e.g., apparel, fishery, cigarette, hygiene 

and cosmetics, among others. They may be natural-made: from plants (as cotton and sisal) or 

animals (as wool and alpaca); or man-made: from natural polymers as viscose (cellulosic) or 

casein (animal origin), or from synthetic polymers (as polyester and polyethylene) (Essel, Engel, 

& Carus, 2015).  

Global total textile fiber production in 2015 was estimated at 94.9 million tons; synthetic polymers 

accounted for 64.5 million tons (68%), where polyester is by far the most produced with 52.1 

million tons, followed by polypropylene (5 million tons) and polyamide fibers (4.5 million tons) 

(Melliand International, 2017; Qin, 2014)  

Microfiber is a microplastic category recently recognized as an important pollutant as it was found 

to be widespread in the environment (Zalasiewicz et al., 2016). These microfibers are usually 

connected to the apparel and the fishery industries. Therefore, one of its greater sources appears 

to be synthetic textile microfibers released during normal laundry (Boucher & Friot, 2017). 

Addressing the microfiber pollution could suppose a huge environmental challenge, as most of 

the clothes are made of synthetic fibers and for the moment no alternative material economically 

feasible is known. Furthermore, the expected market trends in the apparel industry show an 

increment in synthetic fiber demand. The tendency is shown in the next figure: 
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Figure 1.3. The exponential growth of fibers production (Qin 2014). 

 

1.1.5. Distribution & Effects  

Microplastics have been found in every Earth system (Aquatic, Terrestrial, Atmospheric, and 

Biota), being ubiquitous in marine environments. Given the extent of this global contamination, 

some refer to the current period as the plasticene or describe the worldôs ocean as a plastic soup 

(Plastic Soup Foundation, 2017), even some authors suggest that microplastics are a key 

geological indicator of the Anthropocene (Zalasiewicz et al., 2016). 

Although this pollution is fully recognized as ubiquitous, the potential effects are poorly 

understood. However, microplastics poses a great risk for living organisms, not only because the 

physical impacts that their ingestion may have, but also because they may behave as vectors of 

hazardous chemicals, either used throughout plastics productsô production or adsorbed once 

released into the environment (Luongo, 2015; Teuten, Rowland, Galloway, & Thompson, 2007; 

J. Wang et al., 2017).  

Recent studies have found negative effects in living organisms. In respect to human health, 

microplastics have been found in tap water (Kosuth, Wattenberg, Mason, Morrison, & Tyree, 

2017); and it has been calculated that a European shellfish eater can ingest up to 11,000 

microplastics per year, meaning that this pollution could affect our health (GESAMP, 2015; Van 

Cauwenberghe & Janssen, 2014). Henceforth, in order to understand and develop appropriate 

mitigation actions, itôs crucial to identify and evaluate the sources, amounts, fates, distribution, 

and effects of this pollution. 
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 Microplastics Properties 

Microplastic debris comes from a wide range of sources that are intended to have distinct 

functions; thus, physical and chemical properties as density, shape, or chemical composition will 

be different as well. Therefore, the microplastics are suitable to distribute among every Earth 

system and to influence many natural processes, for instance, in aquatic environments they may 

change the scattering and absorption of light in the water column, the exchange of substances 

between solid and liquid phases, and the transportation of substances to sediments, as well as their 

interactions with biological processes (Lambert & Wagner, 2016b).  Some properties that could 

be important to determine microplastics sources, fates and/or impacts, principally in marine 

environments, are shown next. 

1.2.1. Physical 

 Visual Properties ï Shape & Color 

Microplastics could be found in the environment in some specific shapes and colors, which could 

be helpful to determine their possible source and to provide an effective categorizing system 

(MERI, 2014). The standardized size and color sorting system is explained in chapter 10 of 

Crawford and Quinn (2016). The shapes are shown in the next figure:  

 
Figure 1.4. Typical microplastics shapes found in the environment (Crawford and Quinn 2016). 

 

a. Fragments: Have irregular shapes, with rough and broken edges. They usually come from 

larger plastic pieces as plastic bottles or food packaging that suffered a fragmentation process. 

b. Fibers: Have a regular fibrous shape and is usually equally thick throughout their entire 

length. Common sources are ropes from fishery or the fibers shed from textile garments. 

c. Films: Have irregular flat shapes. These usually come from the fragmentation of thin plastics 

as bags. 

d. Granulated: Have a spherical shape. These could come from microbeads used in cosmetics 

or from plastic pellets used in the plastic industry. 
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Microplastics are also presented in a wide gamma of colors. Whether the color of microplastics 

is a major factor in their misidentification as prey by aquatic organisms is still a matter that is up 

for debate. However, it seems intuitive because many aquatic species are visual predators. Indeed, 

the current evidence suggests that black and red colored microplastics are the least likely to be 

ingested by aquatic species (Crawford & Quinn, 2016). 

 Density 

An important predictor of microplastic partitioning in water systems is the particle density, with 

denser than sea-water particles normally settling to deep-sea sediments and buoyant particles 

floating on the sea surface, with the intermediates distributing along the water column. However, 

turbulent fluxes could re-suspend denser particles or sink lighter ones. 

The extent to which this occurs will also depend on many relevant processes that may affect the 

characteristics of the microplastic. For example, the aggregation of microplastic particles, either 

with themselves or with other particulate materials, the sorption of chemicals, the growth of 

bacterial biofilms on microplastic surface (biofouling), among others, can raise density leading to 

an increase in the sedimentation rate (Andrady, 2011; Cózar et al., 2015; GESAMP, 2016; Horton 

et al., 2017). Therefore, it is believed that microplastics may become negatively buoyant in the 

ocean within a timescale of weeks to months (Woodall et al., 2014).  

On the other hand, some studies found dense particles floating rather than sinking. Two main 

reasons may explain this phenomenon: vertical mixing forced by temperature differences at 

different depths, and air bubbles contained within the microplastics (Crawford & Quinn, 2016). 

Additionally, hydrophobic coatings added during manufacturing may further alter the buoyancy 

of plastics (Bruce et al., 2016). 

Plastic densities of materials that are often found in the marine environment can be seen in the 

next table, materials used in the apparel industry are highlighted with light blue, and bolded ones 

are those denser than sea-water (1.025 g/cm3):  
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Table 1.1. The density of different plastics used by the industry (own elaboration). 

Plastic class Abbreviation Density (g/cm3) (a) 

Expanded polystyrene (styrofoam) EPS 0.01-0.004 

Low-density polyethylene LDPE 0.89ï0.93 

High-density polyethylene HDPE 0.94ï0.98 

Polypropylene PP 0.83ï0.92 

Polyethylene terephthalate PET 0.96ï1.45 

Polyamide (nylon) PA 1.02ï1.16 

Polystyrene PS 1.04ï1.10 

Polymethyl methacrylate (acrylic) PMMA 1.09ï1.20 

Polyvinylchloride PVC 1.16ï1.58 

Polycarbonate PC 1.20ï1.22 

Polyurethane PU 1.20 

Alkyd  - 1.24ï2.10 

Polyester PES 1.24ï2.30 

Polytetrafluoroethylene PTFE 2.10ï2.30 

Rayon (b)  1.50 

(a) Note that densities of plastic items can be modified by additives and environmental processes such as 

weathering and fouling. 
(b) Cellulosic fiber, a ñNon-consideredò a microplastic. 

 Transport 

Once in the ocean, microplastics will start migrating to other sites forced by currents. Even denser 

than sea-water particles can still be transported by underlying currents (J. Wang, Tan, Peng, Qiu, 

& Li, 2016). There are five identified ñhot-spotsò around the world where it is known that 

microplastic debris accumulates, i.e., where they will tend to migrate. These are the North and 

South Atlantic, North and South Pacific, and Indian Sea gyres. As an example of this movement, 

a study estimated that microplastic debris could migrate from USA eastern seaboard to the North 

Atlantic subtropical gyre in 60 days (Law et al., 2010). The wind affects both migrations of 

microplastics in the atmosphere and in the upper layers of the ocean.  
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 Specific Surface Area 

When plastic degrades and fragments into smaller pieces, the specific surface area increases 

providing additional sites for adsorption to take place (J. Wang et al., 2016); hence, microplastics 

have a high specific surface area. It implies that a small volume of microplastics will have a high 

contact area and high amounts of toxic substances could be adsorbed or biofouling may occur at 

those available sites (GESAMP, 2016). For this reason, smaller pieces of plastic represent a 

greater toxicological threat to marine species than larger pieces (Crawford & Quinn, 2016). 

 Degradation & Fragmentation  

Degradation is defined as any physical or chemical change in a polymer generated by 

environmental factors as e.g., UV-radiation, oxygen or biological attack (biodegradation). This 

implies alteration of the physical properties, such as discoloration, surface cracking, and 

fragmentation (Shah, Hasan, Hameed, & Ahmed, 2008; UNEP, 2015) 

The longevity of plastic is estimated to be hundreds of thousands of years (J. Wang et al., 2016); 

hence, it has been suggested that it never fully degrades (van Sebille et al., 2015). Instead, physical 

degradation and fragmentation into smaller pieces occur, which is one of the key factors causing 

microplastics to be ubiquitous in the marine environment (GESAMP, 2016). 

The degree to which synthetic polymers degrade depends on both the properties of the polymer 

and the environment to which it is exposed (UNEP, 2015). Two examples of this: polystyrene and 

polyethylene are more prone to weathering than other plastics (Crawford & Quinn, 2016); and 

oxygen availability at beaches facilitates gradual photo-degradation of large plastic pieces to 

microplastics (Andrady, 2011). 

In marine systems, the degradation process is mostly motivated by the exposition to UV-radiation, 

which results in the plastic photo-oxidative degradation. Once initiated, the degradation can also 

proceed thermo-oxidatively even without the need for further UV-radiation. If oxygen is 

available, the autocatalytic degradation reaction sequence can also progress. Other types of 

degradation processes exist but are orders of magnitude slower compared to light-induced 

oxidation (Andrady, 2011). Consequently, embrittlement and fragmentation may occur. This is 

especially true to lower than sea-water-density plastics as LDPE and HDPE, as they would be 

more exposed to UV-radiation. On the other side, this process can be slowed down by the 

inclusion of specific additives such as UV- and thermal-stabilizers. Once plastics are buried in 

sediments, submerged, or covered by organic and inorganic coatings, the rate of fragmentation 

declines rapidly (UNEP, 2015). The degradation and fragmentation rates of plastics are widely 
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unknown, but once the fragmentation takes place, the plastic exposes a larger area for chemical, 

physical and biological degradation reactions.  

Few studies have measured the plastic fragmentation process, for example, it has been recently 

demonstrated that a 1 cm2 piece of polystyrene coffee cup lid placed in demineralized water at 

30°C for a period of 24 h, and exposed to both visible and ultraviolet light (320ï400 nm), is 

capable of producing 1.26x108 nanoparticles per milliliter after 56 days, with an average size of 

224 nm (Lambert & Wagner, 2016a).  

As for biodegradable plastics, they are polymers capable of being broken down quite easily by 

hydrolysis (GESAMP 2015). Most of the plastics are not biodegradable, and as a consequence, 

they have been found in, e.g., soils up to 15 years after sludge containing microplastics was added 

(Zubris & Richards, 2005). In addition, biodegradable plastics do not degrade readily under 

marine environment, as conditions required for rapid biodegradation are not met (UNEP, 2015) 

1.2.2. Chemical 

 Water Affinity  

Some microplastics are made from non-polar highly hydrophobic materials, i.e., they are repelled 

from water. This property may help less than sea-water-density particles to remain up or near the 

surface water layer. Polyethylene, polypropylene, and polystyrene, among others, are non-polar 

materials, while polycarbonate, polyamide, and polymethyl methacrylate are made off by polar 

molecules. A study reported that biofouling not only changes the particle density by increasing it 

but also makes the particles less hydrophobic, making easier for the particle to sink (Lobelle & 

Cunliffe, 2011).  

 Adsorption of Substances 

For this report, adsorption is considered as the process in which a material travels from a gas or 

liquid phase and forms a superficial monomolecular layer on the microplastic. In a water matrix 

the sorption of chemicals happens mainly due to greater affinity of non-polar materials for the 

hydrophobic surface of plastic (Crawford & Quinn, 2016), plus the specific area, diffusivity and 

crystallinity (J. Wang et al., 2016), which are properties that most microplastics have. This subject 

is further explained in section Adsorption of Chemicals. 
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1.2.3. Biological 

 Biofouling 

Fouling is a coat that tends to form on the microplasticôs surface in a marine environment. 

Biofouling is the formation of this coat by the adherence and growth of microbial communities. 

It is unclear if the microplastic bacterial assemblage is selected simply by the hard surface of the 

microplastic or by its chemical composition, however, it was found that some microorganisms, 

including pathogenic ones, have a strong affinity for microplastics compared to non-plastic debris 

(McCormick, Hoellein, Mason, Schluep, & Kelly, 2014). The biofouling combined with the 

microplastic transport may imply adverse environmental effects, as alien species can reach zones 

where they may be hazardous for endemic organisms. Moreover, sorption characteristics may 

change when fouling happens; for instance, microplastics with any type of coat will have a greater 

potential to adsorb PCBs than microplastics free from any fouling material (Crawford & Quinn, 

2016). The accumulation of fouling also leads to an increase in density of the microplastics, 

thereby resulting in sinking (Teuten et al., 2007). 

 Biological Interactions 

Given the small size of microplastics is that they could be ingested by a wide variety of organisms, 

from the top to the bottom of the food chain. This can cause direct impacts as irritation, damage 

to the digestive system, alteration in the feeding behaviors, and bio-accumulation, among others 

(NOAA, 2009). In addition, microplastics have been found in a varied diversity of ready-to-be-

sold animals for human consumption (section Microplastics in Ready-to-be-Sold-Animals), 

meaning that we are already ingesting these small pollutants. 

Indirect impacts as physical translocation of microplastics may also occur. For example, Browne 

et al. (2008) demonstrated that microplastics can translocate from the gut cavity to the circulatory 

system in exposed mussels. Further explanation of impacts in section Impacts. 
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2. Objectives 

 State of the Art of the Microplasticsô Contamination 

a. Gather the available information in relation to the microplastics` contamination using 

different internet search engine tools. 

b. Make a critical and profound analysis of the literature that was presented up until September 

2017. 

c. Present a clear statement of the art by classifying and organizing the information into groups 

and sub-groups that could be further used to study this subject. 

d. Expose discussions within the existing gaps, guides in respect to possible solutions, and 

further needed investigations. 

e. Propose specific future works in relation to microplasticsô contamination. 

 Textile Microfibersô Quantification 

a. Compile and make a critical analysis of all the studies made until September 2017 in relation 

to the microfibers detached by textile garments when washed. 

b. Present a concise summary of the methods used and the results obtained in every study. 

c. Replicate when itôs possible and make a critical analysis of the methods used. 

d. Analyze new ways to quantify fibers. 

e. Propose a novel and replicable method to quantify these microfibers by making a direct count 

of them. 
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3. Methodology 

 State of the Art of the Microplasticsô Contamination 

To conduct this review, combinations of keywords (microplastics, microfibers, microbeads, etc.) 

were entered into different web search engines as Scopus, Web of Science, Elsevier, Science 

Direct, Google Scholar, among others. Articles up to September 2017 are included in this report.  

The data was organized under different categories and sub-categories (e.g., causes / primary / 

textile fibers; Compartments / Aquatic / Marine / Seabed). From there, a structured and detailed 

lecture was made in order to analyze and compare the results (quality, conclusions, etc.). The 

purpose of the analysis is to present a complete state of the art of this environmental problem, 

discussions in relation to definitions, findings and others, and some guides in respect to possible 

solutions and future investigations. 

 Textile Microfibersô Quantification 

There is no standard methodology to quantify the fibers` detachment from garments in a washing 

machine at the moment. Hence, the first step was to gather all the studies on the subject done until 

September 2017 in order to make a critical and objective analysis, where special emphasis was 

given to the methods used. Afterward, replication of the methods and new ideas were tried. The 

main objective was to find a reliable and replicable method to quantify directly these fibers, as 

some textile industries are interested in working on the subject and they want to know the fibers` 

detachment rates of their garments.  

Finally, the quantification method is based on direct counting and difference in the mass of the 

filters. The equipment used and the methodology steps are detailed in the section Textile 

Microfibersô Quantification of this thesis. 
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4. State of the Art of the Microplasticsô Contamination 

 Definition & Size 

The term ómicroplasticô first appeared in 1968 in a US Air Force Materials Laboratory 

publication to describe the deformation of a plastic material. It was used by scientists to refer just 

to small pieces of plastic (Crawford & Quinn, 2016). In 1972 the world first became aware of 

micro-sized plastics in the aquatic environment, but no special attention was put onto them until 

2004 when a publication that reported the potential magnitude of the problem introduced the 

modern use of the term microplastic (Thompson et al., 2004). Nowadays, the term is used to 

describe a heterogeneous mixture of small and synthetic plastic particles that could be littered 

into the environment at all steps of a plastic product's life cycle, they can have land- or sea-based 

sources, and be emitted directly in that size or originated once in the environment as a result of a 

larger plastic fragmentation (GESAMP 2016).  

Although size is still a subject of discussion, after the first International Microplastics Workshop 

hosted by the NOAA in 2008 there is a global scientific consensus to consider the upper size limit 

at 5 mm and a suggested lower size boundary of 333 µm (UNEP, 2016). Nevertheless, some 

studies use and suggest an upper limit of 1 mm, which is based in a more intuitive boundary that 

follows the IS classification (Mark A. Browne, Dissanayake, Galloway, Lowe, & Thompson, 

2008; Claessens, Meester, Landuyt, Clerck, & Janssen, 2011; Rehse, Kloas, & Zarfl, 2016). 

Furthermore, some authors relate the microplastic upper size limit with the diameter, while others 

relate it to the length. To avoid mistakes, a microplastic should be defined as a piece of plastic 

less than 5 mm in size along its longest dimension. 

As for the lower boundary concerns, despite the suggestion, itôs a common practice to utilize the 

mesh size of the nets used to separate the microplastics from the samples as the lower size 

(Galloway, Koelmans, Besseling, Shim, & Galloway, 2015; Masura, Baker, Foster, & Arthur, 

2015). 

In addition, as some of the evidence suggests, itôs recommended to extend the definition of 

microplastics to all kind of plastics, i.e., not only the synthetic ones. 

Microplastics are classified as a function of their sources, they could be primary or secondary. In 

the next section these definitions are discussed. 
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 Contributors / Causes 

As said before, microplastics can be spilled into the environment at any step of a plastic life cycle, 

i.e., at its production, transportation, consumption, and/or final disposition, or could be generated 

once in the environment as a consequence of a bigger plastic fragmentation. This led us to the 

definition of primary and secondary microplastics` sources: 

4.2.1. Primary & Secondary Microplastics 

In order to classify and understand the sources of microplastics, two general groups were created. 

Nevertheless, these groups are not equally used throughout the literature. Here, an explanation of 

both definitions is given as well as a discussion of which of those should be better used: 

Primary microplastics are those that are released into the environment already in a <5 mm size 

range. These microplastics could be manufactured in this size (e.g., microbeads used in cosmetics, 

pellets), or be originated from the abrasion or shedding of large plastic objects during 

manufacturing, use or maintenance (e.g., the shedding of synthetic textiles during laundry). 

Secondary microplastics are generated once in the environment as a consequence of a 

degradation and fragmentation processes of larger plastic items. This happens mainly through a 

photo-degradation process, and their major source is mismanaged plastic wastes (Andrady, 2011).  

In the other hand, some of the authors consider primary microplastic  only to those manufactured 

in a microplastic size. Therefore, some microplastics (as the shedding of synthetic textiles) will 

fit under the definition of a secondary microplastic. 

The first definition is the one used in this thesis. 

Next, some pros and cons when using both definitions are exposed:   

a. A simple and concise differentiation between these definitions arises if secondary 

microplastics are only those generated in a ñonce-in-the-environmentò process, i.e., primary  

microplastics are released directly into the environment in any step of a plastic life cycle; 

and secondary microplastics are generated once a larger plastic is in the environment. Under 

the latter definition, some ñsecondary microplasticsò reach the environment in a microplastic 

size range, meaning that there will be a ñmixò of where (in a washing machine, in the outer 

part of a tire, or in the environment) and why (as a consequence of a plastic product use or 

maintenance, or because of its exposure to the environment) it is happening. In other words, 
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itôs simpler to classify the sources of microplastics between those that are emitted or generated 

before reaching the environment and those that are generated once in the environment. 

b. The plastics processô fragmentation rate because of their exposure to the environment is still 

unknown, however, some of the microplastics considered by the latter definition as secondary 

ones could be somehow measured as they have point and well-known sources (e.g., tire 

abrasion or textile fibersô shedding). Hence, another differentiation could be applied between 

these point and diffuse sources, which is the same that saying between easier and harder 

measurable sources. 

c. When referring to developing action plans, itôs easier to differentiate between primary and 

secondary microplastics solutions using the first definition. Under the first definition, primary 

microplastics will have mostly located solutions (e.g., washing machine filter), and 

secondary ones will mostly cover environmental systems (e.g., ocean plastic clean-up), as 

their sources are mismanaged plastic wastes.  

d. Primary microplastics tend to have a manufactured appearance, exhibiting either a spherical 

or fibrous shape, and have a consistent even surface. On the contrary, secondary microplastics 

tend to have a more random appearance and hence are more difficult to categorize (Crawford 

& Quinn, 2016). This point has some exceptions, as for example the particles emitted during 

the abrasion of a tire during its use. 

As it can be seen, the first definition  may have more benefits in respect to the use and 

comprehension of the terms, therefore, itôs highly recommended to unify this definition in order 

to be used by the scientific community. 

A visual explanation of this definition is shown next: 

 
Figure 4.1. Primary and secondary microplastics visual example (Own elaboration). 
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 Estimations of the Microplasticsô Sources 

Up until now, knowledge about the emissions of primary microplastics and formation rates of 

secondary microplastics is generally lacking. Moreover, in most cases, it is not possible to obtain 

specific conclusions of their origin when characterizing microplasticsô samples as weathering 

may turn them indistinguishable (Duis & Coors, 2016). Therefore, there are scarce studies that 

have made estimations regarding the contribution of each of the microplasticsô sources, and the 

efforts were put onto microplastics entering the oceans.  

These estimations were done taking into account the plastics inputs to the oceans, the produced 

and/or consumed amounts of plastics, and the efficiencies in manufacturing processes and waste 

management plans (Boucher & Friot, 2017; Verschoor, De Porter, Deltares, & Bellert, 2014). 

Many of that data doesnôt exist; hence, the approximations made so far may not be accurate.   

It has been estimated that around 75-90%  of general plastic debris in the marine environment 

originates from land-based sources, which accounts for 4.8 to 19.7 million tons of plastics per 

year; and the rest 10ï25% are from ocean-based sources (Eunomia, 2016; Jambeck et al., 2015). 

Most of that litter is in a macro- or more size range and should be considered as a potential 

secondary microplastic source. Hence, dumping of plastic debris from inappropriately waste 

management is the most important route of entry of plastic materials into the environment, 

according to some authors, its fragmentation is likely to be the most relevant microplastic source 

(GESAMP 2016). This is a subject of debate, as thereôs no reliable data on the fragmentation rates 

of large plastics; hence, the relative importance of primary versus secondary microplastics is 

still unknown. However, it must be noticed that contrary to secondary microplastics, thereôs a 

constant flux of primary microplastics as they come from routine activities. 

4.3.1. Primary Microplasticsô Estimations 

Two recent studies found that there are seven major sources of primary microplastics, these are 

Vehicle Tire Dust, Synthetic Textiles, Marine Coatings, Road Markings, Personal Care 

Products and Cosmetics, Plastic Pellets Spills and City Dust. Personal care microplastics are 

the only ones considered as ñintentionalò losses because they can be easily prevented just by 

changing the manufacturing formula (producer), or by buying another product (consumer) 

(Boucher & Friot, 2017; Eunomia, 2016).  

Boucher and Friot (2017) reported that 98% of all the primary microplastics that reaches the 

oceans is generated from land-based activities, the remaining part comes from activities at the 

sea. They also estimated that around 1.5 million tons per year, or between 15% and 31% of all 
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the microplastics in the oceans could be originated from a primary  source. These numbers are 

related to the 4.8 to 12.7 million tons of plastic waste that enters the oceans annually (estimated 

by Jambeck et al. 2015), which means that this study considered all that quantity directly as 

microplastics. Eventually, these larger plastics could fragment into microplastics, however, the 

supposition is still overwhelming and seems like an extraordinary situation. Therefore, their 

estimations regarding primary microplastics importance could be underestimated.  

The estimated global contribution to the oceans of each primary source is shown in the next table: 

Table 4.1. Global primary microplasticsô contribution to the oceans (Own elaboration). 

Reference 
Eunomia  

(2016) 

Boucher & 

Friot (2017) 

Total Primary MPs  

Entering the Oceans 
950 kt/year 1,500 kt/year 

Primary MP  (1) Source 

Emissions in kt/year (2) 

% of total primary MPs 

Position between primary MPs 

Synthetic Textiles  

 

190  

20% 

3º 

525 

35% 

1º 

Vehicle Tire Dust  

 

270 

28.4% 

1º 

420 

28% 

2º 

City Dust (building 

paints in Eunomia) 
 

130 

13.7% 

4º 

360 

24% 

3º 

Road Markings 

 

80 

8.4% 

5º 

105 

7% 

4º 

Marine Coatings 

 

16 

1.7% 

7º 

55 

3.7% 

5º 

Personal Care 

Products and 

Cosmetics  

35 

3.7% 

6º 

30 

2% 

6º 

Plastic Pellets Spills  

 

230 

24.2% 

2º 

5 

0.3% 

7º 
(1) MP = Microplastics. 

(2) kt = kilotons = 1,000 tons. 
 

As it can be seen, both studies reported different results, especially in terms of the quantity of 

microplastics that comes from plastic pellets spills. Nevertheless, some things are for sure: 

a. Even considering all larger plastics as secondary microplastics, primary microplastics 

contribution is still significant. To visualize it better: 950,000 to 1,500,000 tons per year are 

equal to 12.6 to 20 million  humans of 75 kg each entering the oceans per year.  
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b. In addition to the subparagraph a, it must be noticed that primary microplastics reach the 

oceans already in a micro-sized range and that there is a constant flux of these pollutants as 

the activities that generate them are from daily routines; therefore, primary microplastics 

may have even more relevance than the estimated.  

c. The fibers shed from the laundry of synthetic textiles, the particles emitted by a tire  when a 

vehicle is used, and the dust generated in the cities, account for the biggest proportion of the 

primary microplastics contribution. 

It should be noticed that these estimations are only related to microplastics entering the oceans. 

According to Boucher & Friot (2017), the total amount of primary microplastics emitted in the 

world is supposed to be 3,200 kilotons per year. This means that 1,700 kilotons per year, or 

52% of all primary microplastics, doesnôt reach (at least directly) to the oceans and may be 

retained in the soil. However, these microplastics could eventually reach the oceans via runoff 

or wind.  

The same study also reported that almost three-quarters of the primary microplastics entering 

the oceans are generated by household activities, while the rest is due to the industries. 

Furthermore, they found that most of the releases come from the productsô use and maintenance. 

An explanation of each primary microplastic source is detailed in annexes 9.1. 

 Sources by Regions 

It is logical that microplasticsô emissions will have a wide variation between countries, as 

technologies used, policies, law enforcement, populations, cultural awareness, backgrounds, and 

wealth differ enormously. For instance, considering an equal amount of pellet production, the 

emissions from pellet losses will be different in Europe than in South America, as in the first 

region efficient environmental technologies are applied and the legislation is strongly audited in 

contrast to the latter one. The same is true for textile microfibers reaching aquatic environments, 

as a minor proportion of the South American countries have sewage treatment plant facilities, 

contrary to Europe, where almost all municipal and industrial wastewaters are treated. In relation 

to tire dust, an important factor is the road distances that each country has between cities. 

While Boucher & Friot (2017) estimated the emissions by world regions, some other studies made 

estimations for individual countries. A comparison between those studies is shown next.  

The relative primary microplastics emissions by world regions that reach the oceans are: 
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Figure 4.2 Primary microplastics emissions to the oceans by world regions (Boucher & Friot, 2017). 

 

Regarding the specific sources, the relative contributions of each region are shown in Table 4.2. 

The source ñCity dustò was not included in the original report, as the estimated contribution was 

extrapolated from a Nordic study (Boucher & Friot, 2017). However, the data was modified so 

that the table could be interpreted directly. For example, the contribution to the oceans of 

microplastics from the laundry of textiles in India & South Asia is 12.1%. 

Table 4.2. Global primary microplasticsô sources contribution  to the oceans (Boucher & Friot 2017). 

Region / Source 

      

India & South Asia 12.1 0.8 0.2 0.1 0.6 0.0 

North America 2.0 8.8 1.4 0.8 0.1 0.1 

Europe and Central Asia 3.0 6.5 1.8 0.5 0.2 0.1 

China 7.8 1.9 1.0 0.9 0.4 0.0 

East Asia & Oceania 4.8 4.0 1.2 1.1 0.2 0.0 

South America 2.2 3.9 0.7 0.0 0.2 0.0 

Africa & Middle East 3.0 2.4 0.5 0.3 0.4 0.0 
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As for the country estimations, the studies are summarized in the next table: 

Table 4.3. Regional estimations of primary microplastics (Own elaboration). 

Country  Norway Denmark Sweden Germany Europe 

Reference 

(Sundt, 

Schulze, & 

Syversen, 

2014) 

(Lassen et 

al., 2015) 

(Magnusson 

et al., 2016) 
(Essel et al., 2015) 

Source Reaching the marine environment Total emissions *  

Tire abrasion 2,250 500 ï 1,700 No data (a) 
60,000 ï 

111,000 

375,000 ï 

693,000 

Synthetic 

textiles 
110 6 ï 60 3.5 ï 40 80 ï 400 

500 ï 

2,500 

Pellet spills 180 0.1 ï 4.5 No data (b) 
21,000 ï 

210,000 

57,000 ï 

570,000 

PCP 4 0.5 ï 4.4 1.3 500 - 

Marine coating 657 21 ï 240 482 ï 1,540 - - 

City dust 313 21.5 ï 500 No data (c) - - 

Road paint 160 10 ï 180 No data (d) - - 

All with units of tons per year. 

* Total microplastics produced by the source. 

For (a), (b), (c), and (d) there are total emissions for reference: 13,000; 310-530; 130-250; and 504, 

respectively. 

 

Comments 

a. The results between the studies are coherent between them and with Boucher & Friot (2017) 

with respect to the importance that tire abrasion has as a microplastic contributor in Europe; 

all studies situated this source in the first place. 

b. Even applying the percentage of emissions (48%) that reach the oceans estimated by that 

Boucher & Friot (2017), most of the results reported by Essel et al. (2015) are higher by a 

magnitude or two when compared to each microplastic total emissions reported by the other 

studies. This could be a because of the different methodologies and data used. 

c. The information provided by different studies is sometimes difficult to compare, as the 

sources are not equally considered. Therefore, there is a need to identify and standardize the 

sources. 

Other remarkable points 

a. Lassen et al. (2015) included footwear as one the most important microplastic source in 

Denmark. The estimated emission was set in 100 to 1,000 tons of microplastics per year, from 
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where 10 to 260 may reach aquatic environments. In the Table 4.3, it was included as a 

subgroup of city dust. 

b. Magnusson et al. (2016) considered artificial turfs  as an important microplastic source in 

Sweden, with an estimated production of 2,300 to 3,900 tons of microplastics per year. This 

could be included in the ñcity dustò group. 

4.3.2. Secondary Microplasticsô Estimations 

Secondary microplastics are defined here as those that have resulted from the fragmentation of 

larger items once exposed to the environment. As said before, this process mostly occurs as a 

consequence of plastic exposure to UV-solar radiation and mechanical stress (such as e.g., tidal 

waves) (Crawford & Quinn, 2016). Therefore, these pollutants are originated from mismanaged 

plastic wastes, which can happen practically everywhere: from landfill sites and recycling 

facilities on-land to material lost from fishing vessels at sea.  

As the degradation and fragmentation processes rates of plastics are poorly understood, no reliable 

information is available on the contribution of secondary microplastics to the overall amount of 

microplastics in the environment. However, given the large amount of large plastics entering the 

environment, first estimations and some studies indicate that they might be the predominant 

microplastic source (GESAMP, 2016). 

Regarding secondary microplastics estimations, the plastics inflow to the marine environment 

could be used as a synonym of potential secondary microplastics. In this context, the next table 

shows different estimations of large plastics inflows to marine environment estimated by some 

studies, which are presented here as potential secondary microplastic sources: 

Table 4.4. Global plastics debris inflow to the oceans or potential secondary microplastics (Own elaboration). 

Source Million tons/year 

Jambeck et al. (2015)  4.80 - 12.70 (1) 

Sherrington et al. (2016)  5.42 - 19.70 

Eunomia (2016) 11.25 

(1) Estimated for 2010, values used by Boucher & Friot (2017). 
 

Mismanaged plastics wastes in coastal countries are generally not well documented, hence, the 

base data used in the studies is not entirely reliable. However, they all reported large quantities of 

plastics entering the oceans that are in the same order of magnitude. 

As for individual contributorsô respects, one of the most important sources appears to be the 

fishing industry , to which it was attributed an 18% of the existing marine plastic debris. This 
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is congruent with the overwhelming non-polyester quantity of microfibers found in the oceans. 

The rest comes from land-based sources, including beach litter (Andrady, 2011). 

This means that establishing or improving waste management programs and removing 

plastic debris from the marine environment not only will reduce macro-size plastics in marine 

environments but secondary microplastics formation too. 

Some organizations are working on the recycling/removal strategy giving recovered items an 

added-value. For instance: 

a. The Spanish company Ecoalf is producing a wide variety of garments with recycled bottles 

and plastics recovered from the sea (Ecoalf, 2017). 

b. Adidas and the organization Parley for the Ocean are making shoes from sea recovered plastic 

(Adidas & Parley for the Ocean, 2017).  

c. The Logoplaste Company is making The Ecover Ocean bottle, which is produced with 10% 

recovered ocean plastic and 90% from recycled material (Logoplaste, 2015). 

d. Nets to Energy by Ocean Today. This project has already recovered 832 tons of nets from the 

oceans, which were used to power over 300 homes for a year (Ocean Today, 2014). 

 Potential Secondary Microplastics by Region 

Every mismanaged plastic waste in the environment with a >5 mm size is a potential secondary 

microplastic. As the microplastic pollution greatest risk seems to be in the marine environments, 

is that the larger plastics contribution by regions will only account for coastal countries. 

Jambeck et al. (2015) evaluated the plastic waste inputs to the oceans from 192 coastal countries. 

They defined mismanaged waste as ñany material that is either littered or inadequately disposedò. 

It was concluded that population and the ñqualityò of the waste management systems are key 

factors to the marine plastic debris contribution that each country will have. It was also reported 

that the cumulative quantity of plastic debris inflow to the oceans may increase by an order of 

magnitude by the year 2025. 

The next table shows the estimated quantity of plastic waste that some countries generated and 

littered to the oceans in the year 2010: 
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Table 4.5. Regional plastic debris contribution to the oceans (Jambeck et al. 2015). 

Country  

Coastal 

population 

[millions]  

Waste 

generation rate 

[kg/ppd (1)] 

Mismanaged 

plastic waste 

[Mt/year (2)] 

Plastic marine 

debris 

[Mt/year]  

1º China 262.9 1.10 8.82 1.35-3.53 

2º Indonesia 187.2 0.52 3.22 0.48-1.29 

3º Philippines 83.4 0.50 1.88 0.28-0.75 

4º Vietnam 55.9 0.79 1.83 0.28-0.73 

5º Sri Lanka 14.6 5.10 1.59 0.24-0.64 

7º Egypt 21.8 1.37 0.97 0.15-0.39 

15º Brazil 74.7 1.03 0.47 0.07-0.19 

20º United States 112.9 2.58 0.28 0.04-0.11 

(1) ppd = person per day 

(2) Mt = million tons 

 

As it can be seen, most of the top ñmarine litteringò countries are distributed along the Pacific 

Ocean coastlines, this is consistent with the higher concentrations of plastic litter that are usually 

found in the North Pacific Gyre. The next figure shows it better: 

 
Figure 4.3. Most and least plastic garbage contributors countries to the oceans (Jambeck et al., 2015). 
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 Distribution Across the Earth 

4.4.1. Introduction  

In this work, four compartments were considered to categorize the distribution of microplastics 

across the world: aquatic (marine and freshwater), terrestrial , atmospheric, and biota 

(including ready-to-be-sold animals). 

Although it is highly likely that higher concentrations of microplastics will be present within areas 

of intense anthropogenic influence (Mark Anthony Browne et al., 2011; Horton et al., 2017), 

global sampling data have shown their presence throughout the Earth and among every 

compartment, being ubiquitous in marine environments (Cózar et al., 2014; Eriksen et al., 

2014; GESAMP, 2016; UNEP and GRID-Arendal, 2016); therefore, most of the studies were 

made in that system. 

To understand the fate and impacts that microplastics could have and to develop consistent plans 

to mitigate or eliminate them, it is important to identify and connect each microplastic type with 

its possible fluxes between and within compartments, as well as with their spatial distributions, 

including the areas where they will tend to accumulate, called ñhot-spotsò or ñgarbage patchesò. 

In order to do so, there is an urgency to standardize methodologies to quantify microplastics 

(Avio, Gorbi, & Regoli, 2016).  

Nowadays, considerable efforts are being taken to understand the distribution of the microplastics, 

especially in marine surface waters, where a huge quantity of samples was analyzed and 

oceanographic models were made, this combination has contributed to comprehend better this 

pollution in this layer of the oceans. However, many efforts are needed to understand the situation 

of the whole problem.  

As for the fluxes, they are not well determined yet, as not only physical but also chemical and 

biological processes are involved in the microplasticsô behavior, which differs between each 

compartment (GESAMP, 2016). Understanding these fluxes will also help to elaborate better 

mitigation plans and to predict the consequences that this pollution will have (Galgani, Hanke, 

Werner, & De Vrees, 2013).  

Figure 4.4 is a simple conceptual model box to illustrate the microplastics movements throughout 

the Earth, including ways to reach humans. 
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Figure 4.4. A simple conceptual model box of microplastics movements throughout the Earth systems (Own 

elaboration). 
 

4.4.2. Aquatic Environments 

As said before, the aquatic environment is divided in marine and freshwater systems. 

Microplastics have been found across every layer of these environments: in their sediments, 

throughout all the water column, till the upper surface layers, particularly in the oceans (Anderson, 

Park, & Palace, 2016). 

To study the sources and distribution of microplastics in aquatic environments, there are some 

organizations or scientists that are compiling the information, for instance, the Adventure 

Scientists organization is compiling a microplastics` dataset, where an interactive map has been 

generated and uploaded to the internet with all the sample data they have gathered (Adventure 

Scientists, 2017). Even though the methodologies used to take these samples are not standardized, 

it can be seen that microplastics are present in almost every sample taken from these 

environments. 

 Marine Environments 

Microplastics have been accumulating in the oceans since the beginning of the use of plasticôs 

products. Nowadays, plastic pollution in the oceans is dominated by microplastics by number of 
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items (Cózar et al., 2014), and are considered to be ubiquitous, as they were found from the 

Arctic  (Obbard et al., 2014) to the Antarctica  (Cincinelli et al., 2017), across the shorelines to 

the deep-sea sediments (Anderson et al., 2016; Galloway et al., 2015; Charles James Moore, 

2008), even reaching remote places (Free et al., 2014; Imhof et al., 2017; K. Zhang et al., 2016) 

and very deep regions, as the KurilïKamchatka Trench (V. Fischer, Elsner, Brenke, Schwabe, & 

Brandt, 2015) or the deepest known place on Earth, the Mariana Trench (Jamieson, Malkocs, 

Piertney, Fujii, & Zhang, 2017). However, quantitative measures of the global abundance of 

microplastics are still limited, particularly in the Southern Hemisphere and remote regions, where 

fewer studies have been made.  

The highest concentrations across the sea surface are found in the centers of the five subtropical 

gyres, which are the North and South Pacific, the North and South Atlantic, and the Indian Sea 

gyres, in the Mediterranean Sea, and in beaches and coastlines. In the gyres the microplastic 

particles accumulate due to convergence of Ekman transports; in the Mediterranean Sea itôs a 

consequence of the semi-enclosure system characteristic that it has (van Sebille et al., 2015); and 

in the coastal lines it happens because of the tidal forces and the proximity to the microplastics 

sources (Lassen et al., 2015).  

Some authors have found a positive correlation between human population and microplasticsô 

concentration (Mark Anthony Browne et al., 2011), while others have reported no obvious 

correlations (Laglbauer et al., 2014; Ling, Sinclair, Levi, Reeves, & Edgar, 2017). This might 

mean that even though itôs highly probable that densely populated areas will be more 

contaminated, at least in the short-middle term, specific hydrodynamics and climate conditions 

of each individual ecosystem will transport and distribute these contaminants differently.  

As for the inputs concern, it was already said that primary microplastics are derived mainly from 

land-based activities (Boucher & Friot, 2017). Their pathways are the rivers, the stormwater 

runoff, wastewater discharges, transport of micro-litter by the wind, etcetera (Avio et al., 2016). 

As for the inputs of secondary microplastics, these are connected to the huge quantity of 

mismanaged plastic waste that is constantly entering the oceans, which could be originated by 

land- or sea-based activities and should be called ñpotential secondary microplasticsò (See section 

Secondary Microplasticsô Estimations) These quantities are so large that by the year 2050 it has 

been estimated that there will be more plastics than fish (by weight) in the oceans (Ellen 

MacArthur Foundation, 2016). 
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4.4.2.1.1. Microplastics Distribution in Marine Environments  

The spatial patterns of accumulation are mostly influenced by physical factors as the wave action, 

the wind, and the density of plastic. Research has also suggested that the accumulation of plastic 

debris is affected by climatic forcing, geostrophic winds caused by gradients of atmospheric 

pressure and solar radiation, stratospheric temperature, and the Coriolis effect (GESAMP, 2016).  

A summary of the marine distribution of microplastics is shown next, where it was divided in 

Coastlines, Surface waters, and Column of water and sea-sediments: 

Coastlines 

Coastlines are obviously nearest to anthropogenic nuclei than the rest of the ocean layers. Plastic 

debris can easily reach these environments via runoff or by the direct disposal of litter, hence, 

beaches and coastal lines are considered to be a major sink for both plastic and microplastic 

debris (GESAMP, 2016). The relative ease of accessibility and sampling made it the most 

surveyed place (Anderson et al., 2016). Because of the oceanic dilution, there is an important 

difference between microplastics concentrations found on the beaches and in estuaries than in 

intertidal zones and beyond (Zhao, Zhu, Wang, & Li, 2014). 

On the beach, the high presence of all kind of plastics debris, as food packaging, is consistent 

with the microplasticsô materials (PE, PP, PET) mostly found there (de Carvalho & Baptista N., 

2016; Frias, Sobral, & Ferreira, 2010; Kunz, Walther, Löwemark, & Lee, 2016; Naji, Esmaili, & 

Khan, 2017). In other words, the predominant concentrations of microplastics on beaches are 

usually derived from the fragmentation of larger plastics debris already existing in the coastal 

environment.  

The microplastics concentrations reported in these zones are usually high, reaching to extreme 

values of 92,217 microplastics per square meter (Lee et al., 2013). These pollutants can be 

easily transported to seawater via runoff, by the wind, and by the waves. For instance, a study 

evaluated the occurrence of microplastics along the Chennai coast in India before and after a 

flood. They found that the concentration after the flood was 3 times higher than before it, 

confirming that these pollutants may accumulate within the soil and that from there are 

transported via runoff (Veerasingam, Mugilarasan, Venkatachalapathy, & Vethamony, 2016). 

As a complementary remark: one of the most common types of waste that is usually encountered 

across beaches are the cigarette butts (GESAMP, 2016). These filters can also fragment to 

microparticles fibers. Even though it is known that they carry hazardous substances, small 

particles from these filters are not considered microplastics as they are made from natural fibers. 
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Therefore, a critical evaluation of the definition of microplastics should be done in order to 

determine if all kind of small plastics should be considered as microplastics (i.e., natural and man-

made plastics).  

Marine Surface Waters  

The microplastics mostly found are usually in the form of fragments or films. In respect to the 

material, microplastics with a lower density than that of the seawater, as polyethylene and 

polypropylene, will be the predominant plastic types across this marine layer. However, denser 

particles could also be found as some phenomena could re-suspend these denser particles (e.g., 

turbulence flows induced by wind and tidal currents) (Sadri & Thompson, 2014). The next figure 

shows an example of three different studies where this statement is true: 

 
Figure 4.5. An example of microplastics found in marine surface waters (Own elaboration). 

 

However, one study reported denser microplastics to predominate in surface waters. Lusher et al. 

(2014) took samples in subsurface waters (3 meters depth) across the northeast Atlantic Ocean, 

fibers accounted for 96% of the particles and were identified as polyester and polyamide. 

Polyester fibers are usually connected to the textile industry, while polyamide fibers are used by 

the fishery industry also. This study claimed that other two studies found similar results, 

nonetheless, one of them sampled only nearshore sediments (Thompson et al., 2004), and the 

other found fibers but these werenôt identified, meaning that they could be, for example, 

polypropylene lines Moreover, it was also found that the contribution of fibers to the total plastics 

decreased with increasing distance from shore (Desforges, Galbraith, Dangerfield, & Ross, 2014). 

The distribution pattern for buoyant microplastic debris is forced by prevailing winds and surface 

currents, meaning that most plastic particles will  move in predictable patterns. Hence, these 

micro-pollutants will tend to accumulate in one of the five subtropical gyres or hot-spots (North 

Atlantic, North Pacific, South Atlantic, South Pacific, and the Indian Ocean, see Figure 4.6). The 

average surface microplastic concentration across all oceans is 0.75 kg/km2, but concentrations 

as high as 18 kg/km2 or 1,000,000 microplastics/ km2 have been reported in the North Pacific. 
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The higher plastic load in the North Pacific Ocean in relation to the other oceans could be related 

to the high human population and the plastic inflows generated on the eastern coast of the Asian 

continent (see Figure 4.3), which has one-third of the global coast population (Cózar et al., 2014). 

The five hot-spot that involves plastics concentrations floating at the oceans is shown next:  

 
Figure 4.6. Distribution of plastics in surface marine waters. The 5 hot-spots are in the figure (UNEP and 

GRID-Arendal, 2016). 
 

The Mediterranean Sea has been found to be another hot-spot. The accumulation occurring 

there is a result of the combination of the high anthropogenic pressure it has and the 

hydrodynamics of this semi-enclosed system. The average density of plastics is 1 item per 4 m2, 

which is similar to the concentrations found in the subtropical gyres (Cózar et al., 2015).  

Moreover, any semi-enclosed micro-system with anthropogenic influence, as harbors and bays, 

will tend to have a high concentration of microplastics. For example, a study reported 

concentrations of up to 2,000,000 particles/km2 in the San Francisco Bay (USA), with an average 

abundance of 700,000 particles/km2 (Sutton et al., 2016). 

Some studies have estimated the quantity of buoyant microplastics in the oceans:  

a. Cózar et al. (2014) used 3,070 samples collected around the world to estimate a floating 

microplastic mass on the open sea ranging between 7,000 and 35,000 tons, nevertheless, they 

reported that tens of thousands of tons of microplastics are ñmissingò (Cózar et al., 2014).  
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b. Eriksen et al. (2014) reported that a minimum of 5.25 trillion plastic particles (of all sizes) 

are floating at the sea, with a weight of 268,940 tons. Microplastics represent approximately 

92.4% of that number, or 4.85 trillion particles, and weight 35,540 tons. However, a 

ñtremendousò loss of microplastics from the sea surface was observed, suggesting that there 

are mechanisms removing these small particles from the ocean surface and that this ocean 

layer is likely not the ultimate sink for plastic pollution. The authors point out that their 

estimates are highly conservative and must be considered as minimum estimates (Eriksen et 

al., 2014).  

These missing particles reported by a. and b. are in accordance with a study that evaluated 

the temporal variability of plastic garbage floating on the sea (samples taken in the western 

North Atlantic Ocean and the Caribbean Sea), which reported that there are no obvious 

temporal trends (Law et al., 2010). This means that there is no correlation between the plastic 

concentration in the oceans in response to increased plastic products production and use (see 

Figure 4.7 a).  

Authors believe that possible sinks for floating plastic debris are: sinking of microplastics 

because of biofouling, ingestion by marine organisms and their transference to the bottom of 

the sea via food web, shore deposition, and other processes yet to be discovered (Mark 

Anthony Browne et al., 2011; Ling et al., 2017). For instance, a recent study theorized that 

these missing particles might be the consequence of some organisms that are degrading them 

(Solé et al., 2017). If the theory is true, signs that could demonstrate the veracity of this theory, 

as organismsô ñboomsò, should have been observed; however, they havenôt. Further 

investigation is needed to conclude these findings, as the lack of a standardized methodology 

and/or the unawareness of the horizontal plastic variation throughout the surface of the oceans 

(e.g., microplastics wonôt stay in the same place throughout the years,) could have influenced 

the findings; for example, as a study found, microplastics can easily be transported between 

gyres and across hemispheres, which might indicate that the expected quantities are more 

equally distributed, i.e., more diluted (Eriksen et al., 2014).  

In the other hand, as seen in Figure 4.7 b, it was reported that microfiber concentrations in 

historical surface water samples correlate with the production of synthetic fibers (Thompson 

et al., 2004). 
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Figure 4.7. a) Microplastics in the oceans vs. plastics discards trend; b) Microfibers in the oceans vs. synthetic 

fibers production trend (Law et al., 2010; Thompson et al., 2004).  
 

c. A recent study gave an even more pessimistic scenario. By using more than 11,000 field 

observations it was estimated an accumulated number of floating microplastic particles in 

2014 ranging from 15 to 51 trillion  particles with a weight between 93,000 and 236,000 

tons. According to the authors, this mass is larger than those previously published because of 

the data standardization used (van Sebille et al., 2015).   

As it can be seen, estimations may not be very accurate between them as it is a very complex and 

recently known situation. However, even without including negative buoyant microplastics, the 

oceans are contaminated with an enormous quantity of these pollutants, which are only ñthe tip 

of the icebergò (Figure 4.8).  

 
Figure 4.8. Floating plastics, the tip of the iceberg (UNEP and GRID-Arendal, 2016). 

 

Floating microplastics length: It is worth mentioning that most of the data that these models 

used to estimate the amount of floating plastics came from samples taken with > 0.333 mm mesh 

size, meaning that there is a considerable amount of microplastics not included in the calculations 

which may derive to underestimated results. For example, Cozar et al. (2017) evaluated the 




























































































































































































