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ABSTRACT 

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

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 organisms’ 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 “plastic” 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 it’s 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 it’s 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 “pollutant” (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 world’s 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 products’ 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, it’s 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 – 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 0.89–0.93 

High-density polyethylene HDPE 0.94–0.98 

Polypropylene PP 0.83–0.92 

Polyethylene terephthalate PET 0.96–1.45 

Polyamide (nylon) PA 1.02–1.16 

Polystyrene PS 1.04–1.10 

Polymethyl methacrylate (acrylic) PMMA 1.09–1.20 

Polyvinylchloride PVC 1.16–1.58 

Polycarbonate PC 1.20–1.22 

Polyurethane PU 1.20 

Alkyd - 1.24–2.10 

Polyester PES 1.24–2.30 

Polytetrafluoroethylene PTFE 2.10–2.30 

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 “Non-considered” 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 “hot-spots” 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 (320–400 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 microplastic’s 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 Microplastics’ 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 microplastics’ contamination. 

 Textile Microfibers’ 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 it’s 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 Microplastics’ 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 Microfibers’ 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 

Microfibers’ Quantification of this thesis. 
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4. State of the Art of the Microplastics’ Contamination 

 Definition & Size 

The term ‘microplastic’ 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, it’s 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, it’s 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 “once-in-the-environment” 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 “secondary microplastics” reach the environment in a microplastic 

size range, meaning that there will be a “mix” 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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it’s 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 process’ 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 fibers’ 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, it’s 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, it’s 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). 

 



Microplastics & Microfibers  UPC 

16 

 

 Estimations of the Microplastics’ 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 microplastics’ 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 microplastics’ 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 doesn’t 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 10–25% 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 there’s 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, there’s a 

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

4.3.1. Primary Microplastics’ 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 “intentional” 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 microplastics’ 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, doesn’t 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 products’ use and maintenance. 

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

 Sources by Regions 

It is logical that microplastics’ 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 “City dust” 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 microplastics’ 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 – 1,700 No data (a) 
60,000 – 

111,000 

375,000 – 

693,000 

Synthetic 

textiles 
110 6 – 60 3.5 – 40 80 – 400 

500 – 

2,500 

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

210,000 

57,000 – 

570,000 

PCP 4 0.5 – 4.4 1.3 500 - 

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

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

Road paint 160 10 – 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 “city dust” group. 

4.3.2. Secondary Microplastics’ 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 contributors’ 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 “any material that is either littered or inadequately disposed”. 

It was concluded that population and the “quality” 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 “marine littering” 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 “hot-spots” or “garbage patches”. 

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 microplastics’ 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 plastic’s 

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 Kuril–Kamchatka 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 it’s 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 microplastics’ 

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 it’s 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 “potential secondary microplastics” (See section 

Secondary Microplastics’ 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 microplastics’ 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 weren’t 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 “missing” (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 

“tremendous” 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 organisms’ “booms”, should have been observed; however, they haven’t. 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 won’t 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 “the tip 

of the iceberg” (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 



Microplastics & Microfibers  UPC 

32 

 

relative density of plastics as a function of their length. In Figure 4.9, it can be seen that most of 

the floating plastics have a length between 0.55 to 1.8 mm. Nevertheless, the authors mentioned 

that the quantity of plastics with a length < 0.5 mm might be underestimated because of the 

limitations of the sampling methodology used (Cózar et al., 2017).  

 
Figure 4.9. The relative density of floating plastics in relation to their length. Black dotted to the left are 

microplastics. In between the two-red dotted vertical lines are the most common lengths of plastic debris 

(Cózar et al., 2017). 
 

As for the spatial distribution of the floating microplastics in respect to their length concerns, it 

can be seen in the next figure that they follow the same pattern than general plastic debris across 

the oceans (see Figure 4.6). However, further investigation is needed to confirm this. 

 
Figure 4.10. Distribution patterns of different range of length of floating microplastics (Eriksen et al., 2014). 
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Ocean Water Column and Seabed 

The seafloor is wide and deep, therefore, measurements of concentrations in seafloor sediments 

are generally lacking. However, it is expected that microplastics with a density higher than that 

of the seawater (like most textile fibers) will rapidly sink and distribute across the seabed near 

beaches, where underlying ocean currents might cause the migration of a proportion to the open 

sea. However, these heavier particles could also be re-suspended within the water column when 

turbulence flows exist (Cincinelli et al., 2017). The next figure shows an example of three 

different studies where densely microplastics were found in the bottom of the aquatic system: 

 
Figure 4.11. An example of microplastics found in marine sediments (Own elaboration). 

 

Sea-sediments near beaches have been found to be highly polluted with microfibers and other 

particles denser than seawater. This could be due to their proximity to wastewaters’ inputs of 

coastal cities and/or to fisheries activities, among others (Laglbauer et al., 2014; Nel et al., 2016).  

For example, Browne et al. (2011) were the first to report that textile microfibers could be one of 

the most predominant types of microplastics. They took samples in 18 sea sediments from sandy 

beaches around the world and found concentrations ranging from 2 (Australia) to 31 (Portugal 

and UK) microplastic per 250 ml of sediment. The most abundant material was polyester (56%), 

followed by acrylic (23%), polypropylene (7%), polyethylene (6%) and polyamide (3%). As seen, 

the materials encountered were mostly those with a higher density than that of seawater. The 

researchers also took samples at wastewater treatment plant effluents and found that the 

proportions of polyester and acrylic fibers resembled microplastic contaminating sediments from 

shores and disposal-sites, strengthening the connection between synthetic fibers contamination 

and fibers shed from household laundry. Another relevant finding was that in places where sewage 

was disposed more than a decade before, the relative microplastic concentration was still >250% 

more than in reference sites, with a notorious predominance of fibers (Mark Anthony Browne et 

al., 2011), strengthening the hypothesis that microplastics are recalcitrant under these conditions, 

and suggesting that denser particles might not travel long distances. The places where the 

samples were taken are shown in the next figure: 
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Figure 4.12. Sampling locations where microfibers were the predominant type in the sediments of the sea 

(Mark Anthony Browne et al., 2011). 
 

As it can be seen in the Figure 4.12 and Figure 4.13, the results may not be a reflection of the 

worldwide contamination but a consequence of the proximity of the sampling locations to coastal 

cities. 

Another study that found microfibers as the most predominant type of microplastics polluting the 

seabed was made by Woodall et al. (2014). They reported that microplastics in the form of fibers 

are up to four orders of magnitude more abundant in deep-sea sediments when compared to 

microplastics polluting the most heavily contaminated surface water gyres and that they also are 

the predominant microplastic type in all sediment cores (Woodall et al., 2014). Curiously, in this 

study the microparticle material mostly found was rayon, which is not considered a 

microplastic pollutant.  

It should be noticed that rayon can`t be differentiated between the other cellulose materials by the 

methods used for the polymer identification; hence, this “cellulose” might come from a wide 

variety of sources, as toilet paper, hygienic paper-towels or cigarette butts. For instance, the 

cellulose found could be probably fibers from toilet paper: it is a product of massive 

consumption that usually ends up in the toilet, therefore, the microfibers generated could 

easily reach aquatic environments. Further investigation is needed to test this hypothesis. 

Once again, the authors were not able to determine if the results are a true reflection of the relative 

microplastics’ abundance in the marine environment or if they are derived from differences in 

samplings’ methodologies. However, these findings are in accordance with some studies that 

found that benthic organisms usually ingest more fibers than other microplastics (Wright et al., 

2013).  
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Further investigation should be made to evaluate if these type of microplastics are blanketing all 

the seafloor as most samples were taken in areas relatively close to beaches were wastewaters 

effluents of cities or fisheries activities exist. Moreover, the results reported by Browne et al. 

(2011) suggest that denser particles don’t migrate great distances, meaning that they will remain 

near coastlines or areas of anthropogenic influence. For instance, Woodall et al. (2014) took their 

samples in the places where it’s expected to find these pollutants: 

 
Figure 4.13. Sampling locations where microfibers were the predominant type in the sediments of the sea 

(Woodall et al., 2014). 
 

Microplastics in Remote Places! 

Buoyant microplastics can be transported thousands of kilometers and can contaminate remote 

locations (Mark A. Browne, Galloway, & Thompson, 2010). This was proven by some studies 

that were conducted in distant places, for instance: 

a. Indian Ocean / Remote Coral Island of the Maldives: The dominant polymer type were 

fragments of polyethylene, polypropylene, and polystyrene. Fibers accounted for a small 

proportion. Also, the abundance of microplastic particles was significantly lower than those 

of more populous regions (Imhof et al., 2017).  

b. Antarctica / Ross Sea: Microplastics near-shore and offshore ranged from 0.0032 to 1.18 

particles/m3 of seawater (mean value of 0.17 particles/m3), which are lower than those found 

in the oceans. Fragments were the predominant particles, followed by fibers. Regarding 

the plastic material, polyethylene and polypropylene were the most abundant, followed by 

polyester, polytetrafluoroethylene, acrylic, and polyamide. The highest concentration of 

fibers was found in the sample collected near the effluent of a conventional WWTP of a 

scientific station placed there. Hence, it is believed that most of these fibers were derived 
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from the laundry that is made there. As the authors mention, it should be noticed that low-

density polymers, such as polyethylene and polypropylene, are usually found on the sea 

surface and sub-surface layers, which is where the samples were taken, while textile fibers 

have a higher density and tend to sink. Therefore, these results were in accordance with which 

was expected (Cincinelli et al., 2017). 

c. Arctic: The abundance of microplastics in sea ice was reported to be even greater by several 

orders of magnitude than that existing in heavily contaminated areas (as the North Pacific 

Subtropical Gyre), ranging from 38-234 particles/m3 of ice. Fibers were the predominant 

plastic type. A non-considered microplastic was the most prevalent (Rayon, 54%), followed 

by polyester (21%), polyamide (16%), polypropylene (3%) and others. These results have an 

amazing resemblance with those presented by Cozar et al. (2014), where huge quantities 

of microplastics with similar characteristics were found in deep-sea sediments. Most probably 

sources are textiles, cigarette filters, and hygienic products, among others. Lastly, the authors 

believe that the Arctic represents a major historic global sink of microplastics, as these 

pollutants, that have their origin in far places, reach the Arctic and accumulate in the polar 

sea ice, henceforth, substantial quantities of microplastics could be released to the ocean 

as the ice melts. Further investigation is needed to evaluate these findings (Obbard et al., 

2014). 

These results are in accordance with those presented by Lusher et al. (2015), which found 

0.34 and 2.68 microplastics/m3 in surface and subsurface waters, respectively, with 

similar polymer types characteristics. The authors believe that Arctic waters are being 

polluted principally by the intense fishing and ship traffic occurring there. 

Another study that was executed in the eastern Greenland Sea found a concentration of 0.99 

particles/m3 in the presence of ice and in 2005, and 2.38 particles/m3 in the absence of ice 

and in 2014. This rise could be linked to an increase in plastic production worldwide or to the 

lower sea ice extents, as sea-ice can represent a sink for microplastic particles (Amélineau et 

al., 2016). 

 Freshwaters Environments 

The abundance of microplastics in freshwater ecosystems remains poorly understood despite the 

fact that the majority of plastic litter is being produced onshore and that freshwater environment 

is recognized as plastic pathways to the oceans (Estahbanati & Fahrenfeld, 2016) (Dris, Imhof, et 

al., 2015) (GESAMP, 2016). These particles will travel downstream rivers or lakes, where a 

proportion will sink to the sediments and the rest will be released into the oceans (Besseling, 

Quik, Sun, & Koelmans, 2017).  
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In order to trace and recognize microplastics’ sources back to a point on land, it is important to 

analyze freshwater systems. By doing so, a major understanding of sources and fates of 

microplastics could be reached, which is crucial to human capacity to develop microplastics 

prevention and mitigation actions. Hence, microplastics studies in freshwater environments have 

been rapidly advancing, strongly supporting evidence that these particles are ubiquitous in 

freshwaters too. But, given that each river and lake is a different system among any other the fate 

of microplastics in the vertical plane of the aquatic system will be determined not only by its 

density but by the properties of the aquatic system (e.g., turbulence, depth, water flow).  

There are projects like the Plastic Pollution Coalition that are taking samples in freshwaters 

environments across the world. This organization has already gathered more than 100 samples 

(e.g., remote alpine lake on Washington’s Olympic Peninsula or Peru’s Marañón River). So far, 

they’ve found that 83% of their freshwater samples are contaminated with microplastics (Plastic 

Pollution Coalition, 2017). There are also some studies that found microplastics in remote places 

like the lakes in the “world`s third pole” Tibetan Plateau (K. Zhang et al., 2016). 

As for the concentrations found concerns, some studies suggest that this pollution is as severe as 

in the oceans, while others reported that concentrations are comparable to the lower limit of the 

marine surface concentrations (Dris, Gasperi, et al., 2015; Horton et al., 2017). Therefore, there 

is still an important unawareness within this compartment. 

However, what most studies found is that the microplastic materials present in a river or a lake 

have a strong relation with the type of industries that are installed near them. For example, in 

areas close to factories that use plastic pellets as a prime material, the microplastic contamination 

in the surrounding aquatic environments might be mostly of the pellet type (Eriksen et al., 2013).  

Five main microplastics pathways to freshwaters are identified: 1) effluent discharge from 

wastewater treatment plants, 2) overflow of wastewater sewers during high rain events, 3) run-

off from particles deposited on the soil, 4) run-off from sludge applied to agricultural land, and 

5) atmospheric deposition (Anderson et al., 2016).  

It has been confirmed that municipal and industrial wastewater treatment plants (see section 

“Microplastics & Wastewater Treatment Plants”) act as microplastics pathways to the rivers, 

where their effluents are commonly discharged. In some studies, the microplastic concentrations 

detected in the wastewater effluents was low, but given the large volumes of effluent discharged 

to the aquatic environments, WWTPs still have the potential to act as an important pathway to 

release microplastics (Carr, Liu, & Tesoro, 2016; Estahbanati & Fahrenfeld, 2016). For this 

reason, in a river, there are usually higher microplastics concentrations, mostly in the fiber type, 
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downstream than upstream a WWTP. Nevertheless, it must be noticed that these facilities retain 

a large microplastic proportion that otherwise would be directly discharged to the aquatic 

environments, therefore, they should not be considered as microplastic “sources”. 

One pathway recently identified is the atmospheric deposition. Airborne particles have their origin 

in a wide variety of sources, including construction materials, artificial turf, and household dust, 

among others. These particles will eventually fall down onto the soil, or into the rivers or lakes 

(Dris, Gasperi, Saad, et al., 2016)(Magnusson & Norén, 2014). 

In the annexes Freshwater Environments Studies you can find a table that summarizes some 

studies made on freshwaters systems. 

Further investigation is needed upon the fate, sources, and abundances of microplastics in 

freshwater systems. 

 General Solutions for Aquatic Environments 

Cleaning up the ocean from microplastics is an impossible task, hence, it has been suggested that 

the most effective mitigation strategies must be on sources (Eunomia, 2016; Jambeck et al., 2015). 

Solutions must include three aspects:  

a. The halt of primary microplastic generation (ideal) or the creation of devices to prevent 

these type of microplastics from reaching the oceans. For instance, Guppy Friend is a bag-

filter that is introduced with the clothes inside in the washing machine. The authors claim that 

it removes a high proportion (99%) of microfibers from the washing machine effluent 

(GuppyFriend, 2017). 

b. The removal of macroplastics that already are in the oceans to stop secondary microplastic 

generation. For example, The Ocean Clean Up Organization takes advantages of the 

buoyancy of some plastics and the marine currents to catch and remove plastic litter from the 

ocean surface (The Ocean Clean Up, 2017). 

c. The improvement or application of efficient waste management programs to avoid 

macroplastics from reaching marine environments, reducing secondary microplastics 

formation. 

4.4.3. Terrestrial Environments 

Microplastics have been found in terrestrial environments, especially in places where by-products 

from sewage sludge were or are applied. Despite this, there is scarce of information regarding 
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data about microplastics in this system. In fact, much of the existing information about the 

presence of microplastics considers the terrestrial system only as a pathway of microplastics to 

the oceans and not as a sink for microplastics. 

The main microplastics pathways to the terrestrial system are: 1) by-products from sewage sludge 

applied to agricultural lands, 2) different gadgets used for agricultural or for any soil-works 

purposes, 3) atmospheric deposition, and 3) transport of microplastics’ via run-off or by the wind 

from roads and cities. 

A preliminary study made in 1998 showed the presence of microplastics, especially synthetic 

fibers, in sewage sludge (Habib, Locke, & Cannone, 1998). Hence, it is considered as one 

important pathway of microplastics to terrestrial systems. In a WWTP an important proportion of 

the microplastic particles is extracted from the liquid stream and retained in the sewage sludge 

(see Microplastics’ & Wastewater Treatment Plants (WWTPs)). For instance, a study made in the 

Långeviksverket WWTP in Sweden found an average of 16,700 particles/kg of microplastics in 

the sewage sludge, where 12,100 were fibers (Magnusson & Norén, 2014). Another study found 

an average of 510 to 760 microplastics/kg in the sewage sludge in Dutch WWTPs. These 

microplastics where mostly textile fibers and pellets (Leslie, Van Velzen, Brandsma, & Vethaak, 

2017).  

These particles may potentially pollute the terrestrial environment when the resultant sewage 

sludge is applied as a composted fertilizer in farmlands or for landfill objectives  (Horton et al., 

2017; Zubris & Richards, 2005). Some researchers are willing to eliminate microplastics from 

sludge using microorganisms to biodegrade these pollutants in an anaerobic digester at the 

WWTPs’ facilities (Ariba Begum, Varalakshmi, & Umamagheswari, 2015; Gómez & Jr, 2013; 

Paço et al., 2017; Russell et al., 2011; Saminathan, Sripriya, Nalini, Sivakumar, & 

Thangapandian, 2014; Singh, Singh, & Bhatt, 2016; Y. Yang et al., 2015a, 2015b; Yoshida et al., 

2016). If we could give microbes the capacity to degrade microplastics, then a notable 

improvement of the environment could be achieved, as it will include the degradation of plastics 

in general. 

It has been estimated that 4 to 5 million tons of sewage sludge (dry weight) are applied to arable 

land every year in the European Union. As there is no regulation that considers microplastics in 

the sewage sludge, a huge quantity of microplastics is deposited directly on the land continuously, 

approximately >400,000 tons/year, which is higher than the floating microplastic currently 

estimated to be in the oceans (Horton et al., 2017). This estimation is two orders of magnitude 

higher than the value presented by Boucher & Friot (2017) for all primary microplastics reaching 
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terrestrial systems (1,700 tons/year); Thus, further investigation is needed to evaluate and 

determine an accurate estimation.  

Moreover, these fibers have been found in soil samples where the last sludge application was 

made up to 15 years before, indicating that they are not degrading, and suggesting that the soil 

may act as a sink for these microplastics; hence, synthetic fibers have been proposed as an 

indicator of past spreading of wastewater sludge on soil (Zubris & Richards, 2005).  

Microplastics can be also applied intentionally or unintentionally in or when using agronomic 

gadgets. For example, the use of plastic containers that hold seeds and nutrients inside them have 

been increasingly getting used. Once these containers accomplish their objective, the plastics are 

not removed from the soil, and they transform into a potential microplastic source for the lands.  

These particles can also reach the soil via run-off or by the wind. Hence, microplastics generated 

by the abrasion of tires or by the fragmentation of road-marking paints, among others, could 

eventually be disposed onto the soil.  For instance, a recent work showed that atmospheric 

deposition is another pathway for these microplastics. This appears to be especially significant in 

urban areas, with deposition increasing during periods of rain (Dris, Gasperi, Saad, et al., 2016).  

Further investigation is needed to determine the sources of microplastics to terrestrial systems, to 

evaluate better techniques for removing the microplastics from sewage sludge, to analyze how 

these little plastics evolve in the soil, and to evaluate the consequences that it may imply over 

terrestrial ecosystems. 

4.4.4. Atmospheric Environments 

The atmospheric system is the least investigated regarding microplastics pollution. The main 

microplastics pathways to this system are: 1) general city dust, 2) drying and use of textiles, 3) 

abrasion of tires, and 4) incineration stations (Duis & Coors, 2016). These microplastics can be 

transported by wind currents to the aquatic environment or deposited on the surfaces of cities or 

the soil (Free et al., 2014). 

The first study that quantified and found their presence, highlighted the importance of 

atmospheric fallout as a pathway of microplastics to terrestrial and aquatic environments. This 

study reported an atmospheric deposition between 2 to 355 particles/m2/day with an average of 

110 particles/m2/day in Paris (France). Rainfall seemed to be an important factor in the 

atmospheric deposition. Fibers accounted for almost all the microplastics collected, where 29% 

of these were synthetic. The characterization indicated clothing as the main source of these fibers 

(Dris, Gasperi, Saad, et al., 2016). 
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In the same city, another study quantified the microplastic concentrations at indoor and outdoor 

air environments. Indoor concentrations ranged between 1.0 and 60.0 fibers/m3. Outdoor 

concentrations ranged between 0.3 and 1.5 fibers/m3. The deposition rate of the fibers in indoor 

environments was between 1,586 and 11,130 fibers/ m2 /day leading to an accumulation of fibers 

in the settled dust (190-670 fibers/mg). Regarding the fiber type, 67% of the analyzed fibers in 

indoor environments were made of natural material, primarily cellulosic, while the remaining 

33% fibers contained petrochemicals with polypropylene as the predominant one. The observed 

fibers were reported to be too large to be inhaled but the exposure may occur through dust 

ingestion (Dris, Gasperi, Mirande, et al., 2016).  

These studies show that textiles release fibers not only when washed in a washing machine but 

also when used or during drying, meaning that fibers are easily detached from textile garments. 

Further investigation is needed to determine the release rates of the different type of microplastics 

to this system, as it could provide information about the consistency of the materials used for 

plastic products (e.g., the releases of building paints, etc.), in addition, the quantifying 

methodology should be improved. 

4.4.5. Biota 

Ingestion of microplastics by living organisms could be considered as an effect, however, in this 

report it was included as part of the distribution of microplastics, and the impacts that this 

ingestion may imply are presented in the section Impacts. 

There is an extensive literature that reports microplastics ingested by a wide variety of living and 

ready-to-be-sold species worldwide. This contamination has been recorded across many trophic 

levels in tens of thousands of individual organisms and over 100 species, from small zooplankton 

to whales, and from worms burying in the seabed to seabirds feeding in the upper ocean 

(Rochman, Tahir, et al., 2015). Therefore, there is a growing concern about potential impacts on 

biota, in the food chain, and in the human health (GESAMP, 2016; UNEP, 2016). For instance, 

in several studies, the percentage of organisms with microplastics rounded between 12 to 75%. 

There is also evidence of microplastics reaching the highest trophic levels of the marine food 

chain and to remote locations (Eriksson & Burton, 2003; McMahon, Holley, & Robinson, 1999) 

The microplastic ingestion by biota could be intentional: when organisms have an attraction for 

the microplastic shape or color (Wright et al., 2013); or un-intentional: when e.g. an organism 

egests microplastics in its feces that later another organism ingests (M. Cole et al., 2016), or when 

an organism mistakes food from microplastics, as debris can have similar size characteristics to 

sediment and suspended particulate matter (Thompson et al. 2004). 
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Microplastics have been found not only in digestive systems but in respiratory structures and 

tissues of marine organisms too. This is an indicator that microplastic can translocate within the 

organism that ingested it. Further explanation in the section Impacts (Anderson et al., 2016). This 

translocation was not tested in humans yet. In regards to microfibers, some authors believe that 

they are the most prominent plastic type found in the guts of marine organisms (Watts, Urbina, 

Corr, Lewis, & Galloway, 2015).  

The distribution of microplastics ingested between different kind of organisms could be used 

to understand better the distribution and fate of microplastics, and the efficiency of the 

waste management programs. Therefore, further investigation is needed to evaluate the fate and 

impacts of these pollutants in living organisms.  

In Table 9.3 you can find a summary of a compilation of studies done over different organisms. 

 Microplastics in Ready-to-be-Sold-Animals 

Microplastics have been found in approximately 50 commercial fish and shellfish species sold for 

human consumption. The sources of these particles found in commercial fish are usually difficult 

to know (GESAMP 2016). Concentrations are generally very low, from 1 to 2 items per 

individual: however, in some species, concentrations up to 75 items per individual were found. 

It`s known that we are already ingesting microplastics when consuming shellfish. Estimations 

made reported that a European shellfish consumer might eat up to 11,000 microplastics per year 

(Van Cauwenberghe & Janssen, 2014). Nevertheless, the impacts this could imply on human 

health as a consequence of its consumption are still unknown but is one of the biggest concerns 

nowadays (UNEP, 2016).  

As before, the types and quantities of microplastics found in market marine organisms 

products could be useful to determine the distribution and fate of microplastics, as well as 

the efficiency of the different waste management programs applied in each region. For 

instance, one study made by Rochman et al. (2015) evaluated the types of microplastics in market 

fish products. They took samples from different fishes from Indonesia and USA and found that 

60% of the microplastics in Indonesia were fragments, while 80% were fibers in the USA. The 

surprising finding was that in Indonesia no fibers were found in the fish examined. A hypothesis 

made by the authors is that the USA has WWTPs, hence having a via for microfibers to reach the 

oceans, this might not be so clear, as not having a WWTP will be traduced in more fibers reaching 

the marine environment (Rochman, Tahir, et al., 2015). Further investigation is needed to evaluate 

these contradictions and how different waste management strategies between countries affect the 

distribution patterns. 
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In Table 9.4 you can find a summary of a compilation of studies done over different ready-to-be-

sold organisms. 

 Microplastics’ & Wastewater Treatment Plants (WWTPs) 

Some authors throughout the literature have been giving to the WWTPs the wrong title of 

microplastics sources (Murphy, Ewins, Carbonnier, & Quinn, 2016). It must be noticed that these 

facilities can`t act as sources as they don’t create or generate microplastics but play a role as 

microplastics pathways to terrestrial and aquatic systems. On the contrary, if the WWTP wasn’t 

there, the microplastics would be emitted directly to aquatic environments. 

Some studies have analyzed the microplastics removal efficiency from the water stream in some 

WWTPs processes. From the literature, it can be summarized that the removal rate of 

microplastics is between 65 to 99%, depending on the system used. Nevertheless, these 

microplastics do not disappear, instead, they are transferred to a solid stream (the sludge). 

Therefore, two streams with microplastics will be present after the process. A liquid stream with 

a lower proportion with respect to the inputs of microplastics, and a solid stream containing the 

rest of the microplastics in its matrix. This can be seen in the next figure:  

 
Figure 4.14 Typical process of a secondary WWTP. The higher proportion of the microplastics presented in 

the influent will be transferred to the sludge (Image from https://global.britannica.com). 
 

One study evaluated the fate of microplastics in three WWTPs with different unit processes 

installed: 1) with a secondary treatment as the final step, 2) with a tertiary treatment consisting of 

https://global.britannica.com/
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a granular sand filtration step, and 3) a pilot anaerobic membrane bioreactor (AnMBR). The 

results are shown in the next table: 

Table 4.6. Overall removal percentages of microplastics after different steps of three WWTPs (Michielssen et 

al. 2016) 

Treatment step Detroit WWTP Northfield WWTP AnMBR 

Preliminary treatment 58.6% 35.1% 35.1% 

Primary treatment 84.1% 88.4% n/a 

Secondary treatment 93.8% 89.8% n/a 

Tertiary treatment n/a 97.2% 99.4% 

 

As it can be seen, in the primary treatment is where most of the removal happens, which is 

consistent with other works (Murphy et al., 2016). Tertiary steps provide an important additional 

retention of these small pollutants, which is important because of the big volumes that generally 

a WWTP treats. In the other hand, one study reported that there are no differences between 

WWTPs with secondary and tertiary facilities. Here eight different WWTPs in San Francisco 

(USA) were evaluated, it was found that they discharged an average of 0.086 microplastics per 

liter, which accounted for 56 million microplastics per day between all, or 20,440,000,000 

microplastics per year just from those eight WWTPs. The predominant microplastic type were 

fibers (Sutton et al., 2016). Further investigation is needed to evaluate how the different treatment 

steps influence the microplastics retention rates. 

As for the solid effluent respects, the sludge could be incinerated, in which case the microplastics 

are eliminated, or could be used for agricultural purposes as “compost”, in which case the 

microplastics are transferred to the soil (see section “Terrestrial Systems”).  

The liquid effluents of the WWTPs are always connected to an aquatic system. For instance, in 

Barcelona, there are WWTPs that discharge their effluents to the Mediterranean Sea, while others 

make it to the closest river. Most studies suggest that although low concentrations of microplastics 

are detected in the water effluents, WWTPs still release a substantial amount of microplastics to 

the aquatic environment given the large volumes of effluent that are usually discharged. This can 

be seen in the next table, where the study was made exclusively in respect to fibers concentrations: 

Table 4.7. Comparison of fiber retention rates and releases for WWTPs across the world and of varying scales 

(Michielssen et al. 2016) 

WWTP 
% Microfibers 

retention 
Flow rate (m3/day) 

Microfibers released per 

day 

Central WWTP of Vodokanal (St. 

Petersburg, Russia) 
65.74 959,000 153,400,000,000 

Detroit (Michigan, USA) 99.28 2,500,000 8,940,000,000 
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Seine Centre (Paris, France) 88.97 240,000 7,680,000,000 

Viikimäki (Finland) 92.33 270,000 3,730,000,000 

Northfield (Michigan, USA) 97.38 1,700 8,900,000 

Lysekil (Sweden) 99.96 5,160 2,100,000 

 

In respect to the microplastic type, most studies found that textile fibers are by far the predominant 

microplastic type in both the influent and effluent of a WWTP (Leslie et al., 2017; Michielssen, 

Michielssen, Ni, & Duhaime, 2016; Ziajahromi, Neale, Rintoul, & Leusch, 2017). Other 

microplastics types usually found are microbeads and fragments (Carr et al., 2016; Magnusson & 

Norén, 2014; Sutton et al., 2016). 

Nonetheless, it should be noticed that in many parts of the world, particularly in developing 

countries, the great majority of communities have no sewage treatment facilities, meaning that 

these microplastics may be directly discharged into the water body receptor. For instance, in Latin 

America, less than 15% of the wastewater is treated prior to its discharge (Mara, 2004). 

Further investigation is needed upon the research the improvement and design of technologies to 

retain these pollutants, not only in the liquid stream but in the solid stream also. 

 Adsorption of Chemicals 

As said before, some microplastics properties as the specific area, the non-polar molecular 

arrangement, the diffusivity, among others, make these pollutants capable of adsorbing and 

desorbing chemicals from the surroundings.  

Evidence demonstrates that microplastics are capable of adsorbing different hazardous 

compounds as Persistent Organic Pollutants (POPs) and heavy metals, accumulating them and 

increasing the potential adverse effects on human health and in the environment. The next figure 

shows possibly physical and chemical microplastics behaviors: 
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Figure 4.15. Physical and chemical microplastics behaviors. Blue arrows represent the adsorption or 

adherence from surrounding environments; red arrows represent behavioral mechanisms that “remove” 

plastic debris from the ocean surface (J. Wang et al. 2016). 
 

In general, the evidence shows that microplastics have the capacity to adsorb toxic chemicals; 

however, further investigation is needed to evaluate the adsorption and desorption rates, and the 

impacts that microplastics could possess when they behave as vectors for toxic components.  

In addition, it could be interesting to study the use of plastic garbage to create “toxic chemicals’ 

catchers” (Further explanation in Reuse of Plastic Litter). 

Next, a summary of the studies made upon different toxic compounds. It must be noticed that 

current studies may not be conclusive, as the environments in which the samples were taken may 

have different or no toxic compounds to be adsorbed, and/or because microplastic may not have 

reached an equilibrium point.   

4.6.1. Persistent Organic Pollutants (POPs). 

Persistent organic pollutants are highly toxic chemicals that persist in the environment for long 

periods of time and that adversely affect human health and the environment (US-EPA, 2017). 

High concentrations of different POPs have been measured on plastic debris collected from 

environments around the world (Figure 4.16), including even in remote islands in the Pacific, 

Atlantic and Indian Oceans (Heskett et al., 2012; Teuten et al., 2007), where reported 

concentrations range from 1 to 10,000 ng/g of plastic (Hirai et al., 2011; Rios, Moore, & Jones, 

2007), indicating that plastics adsorb thee chemicals due to their hydrophobic nature, that they 

are capable of concentrating contaminants even up to the order of 106 as a consequence of the 

high specific surface area, and to transport them for long distances (Mato et al., 2001; NOAA, 
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2009); for instance, some of these contaminants were found in the deepest place on Earth, the 

Mariana Trench, where these pollutants seemingly reach there adsorbed onto plastic items 

(Jamieson et al., 2017) 

POPs` adsorption has also been demonstrated under lab conditions for many plastic types (e.g. 

PE, PVC, PU, and PS). Subsequent transfer to marine organisms and effects are poorly 

understood. Nevertheless, these pollutants represent a risk to living organisms as they have the 

ability to be released when ingested, to traverse the food chain, and to bioaccumulate, as well as 

the capacity to pass from mothers to their offspring within the womb (Crawford & Quinn, 2016). 

For example, some studies suggest that POPs concentrations rose in lugworms and seabirds 

exposed to contaminated plastic particles (Desforges et al., 2014; Teuten et al., 2007). It has also 

been found that phenanthrene (PHE), which is one of the most abundant polycyclic aromatic 

hydrocarbons in the aquatic environment and its known to cause several effects on fish, may be 

adsorbed and released from microplastics (Karami, Romano, Galloway, & Hamzah, 2016; Sun, 

Zuo, Chen, Chen, & Wang, 2015).  

POPs found in plastics include polychlorinated biphenyls (PCBs), polycyclic aromatic 

hydrocarbons (PAHs), organic pesticides as dichlorodiphenyltrichloroethane (DDT), 

phenanthrene (PHE), polybrominated diphenylethers (PBDEs), bisphenol A (BPA) and 

alkylphenols (Bakir, Rowland, & Thompson, 2012; Desforges et al., 2014; Frias et al., 2010; Hirai 

et al., 2011; Ogata et al., 2009; Teuten et al., 2007; J. Wang et al., 2016), all included in the 

Stockholm Convention on Persistent Organic Pollutants (United Nations Environment 

Programme, Sweden, 2001). 

On the other side, a study indicated that in most cases the transfer of organic pollutants to aquatic 

organisms from microplastic in the diet is likely a small contribution compared to other natural 

pathways of exposure, as the concentrations adsorbed are not high enough (Beckingham & Ghosh, 

2017).  
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Figure 4.16. Example of concentrations [ng/g plastic] of PCBs found in plastic pellets across the world (Ogata 

et al. 2009). 
 

The mechanism and rates at which these pollutants are absorbed/desorbed between different 

systems are poorly understood. A study concluded that the two main factors which affect the 

degree to which a POP adsorbs onto polypropylene microplastics are the amount of degradation 

that the microplastics have suffered and the length of time that they have spent in the environment 

(Endo et al., 2005).  

4.6.2. Heavy Metals 

The term heavy metal refers to any metallic chemical element that has a relatively high density 

and is toxic or poisonous at low concentrations (Lenntech, 2017). The mechanisms and rates 

related to the adsorption of these ions are very complex and poorly understood (Brennecke, 

Duarte, Paiva, Caçador, & Canning-Clode, 2016).  

Recent studies reported metals as Ag, Cd, Co, Cr, Cu, Hg, Ni, Pb, Zn, Al, Mn, Fe, Mo, Sb, Sn 

and U in microplastics in  aquatic systems, suggesting that microplastics can act as vectors for 

these elements (Brennecke et al., 2016; Turner, 2016; J. Wang et al., 2017). There is also evidence 

that demonstrated that microplastics accumulate heavy metals from the surrounding environment, 

as the reported concentration of metals in microplastics exceeded in some cases the surrounding 

metal concentrations (Holmes, Turner, & Thompson, 2012, 2014). A study evaluated the 

relationship between five plastics (PET, PP, LDPE, HDPE, and PVC) and nine metals (Al, Cr, 

Mn, Fe, Co, Ni, Zn, Cd, Pb) present in seawater over 12 months. It was observed that over the 

entire 12-month duration of the study, some metals did not reach equilibrium, thereby indicating 

that these plastics types have a great capacity to adsorb and accumulate metals. In addition, the 
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study suggests that plastic debris may accumulate greater concentrations of metals the longer it 

remains at sea (Rochman, Hentschel, & Teh, 2014). 

On the other hand, a study suggested that the majority of heavy metals carried by microplastics 

were derived from inherent load added during plastic manufacturing, and only some were 

accumulated from the environment (J. Wang et al., 2017). Another study reported similar results. 

Hence, special attention should be put on chemicals used in plastic manufacture point (e.g. flame 

retardants, colorants, surfactants, stabilizers, among others) (Turner, 2016).  

4.6.3. Chemicals Used in the Manufacture of a Plastic Product 

Production of plastics usually consists of a long multistep chain involving a large number of 

chemically heterogeneous compounds (Bruce et al., 2016; Luongo, 2015). Some studies point out 

that some toxic compounds carried by microplastics in the environment are derived from these 

manufacturing-steps (J. Wang et al., 2017). This means that chemicals used in the manufacture 

may remain in finished products; examples for textiles products are azo-dyes, flame retardants, 

formaldehyde dioxins, biocides, heavy metals, quinolines, and benzothiazoles. 

For instance, two studies detected high concentrations of quinolines (skin irritants, classified as 

probable human carcinogens) and benzothiazoles in finished garments available to the public, 

principally in textiles manufactured from polyester material and found that the release of these 

compounds are released during garment washing (see Figure 4.17) (Luongo, 2015; Luongo, 

Thorsén, & Ostman, 2014).  

 
Figure 4.17. Points of potential chemical release throughout a garment life cycle (Luongo 2015). 

 

4.6.4. Desorption of Toxic Substances 

Microplastics may have the ability to release adsorbed chemicals once ingested by an organism, 

with the subsequent toxicity as a consequence of the diffusion of these chemical pollutants into 
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the biological tissues. Some studies have demonstrated that these hazardous compounds may 

scale up in the food web and even reach human food. Nevertheless, there is limited evidence 

which relates to the effects of contaminated microplastics on organisms and further research is 

very much needed (Crawford & Quinn, 2016). 

 Impacts 

4.7.1. Introduction 

As said before, microplastic pollution is a recently recognized threat, therefore, general and 

specific impacts are still poorly understood as its studies are at its infancy. Some studies have 

already reported a wide variety of potential impacts, but the majority of studies were made under 

lab-conditions and focused on small polyethylene, polyvinylchloride or polystyrene spherical 

particles, meaning that almost no data is available for fragments, fibers and for other materials 

(Jemec, Horvat, Kunej, Bele, & Krzan, 2016). Known impacts go from changes in heat transport 

of sediments in beaches to adverse effects in wildlife or the incorporation of microplastics in the 

food chain, among others. Next, a summary of the possible impacts: 

4.7.2. Biota 

While microplastics have been found in tens of thousands of individual marine organisms over 

many species, the extent of the impacts that they might imply is not fully understood (GESAMP, 

2016). Despite this unawareness, it is known that microplastics can impact organisms at many 

levels of biological organization, including populations and assemblages (Green, 2016). 

Marine animals might be the most directly affected by this pollution. Plastic debris can have 

similar size characteristics to sediment and suspended particulate matter and hence can be 

ingested by organisms. Even very small organisms at the bottom of the food chain, like filter 

feeding zooplankton, have been observed to ingest microplastics (Thompson et al., 2004).  

Regarding microfibers, many studies and scientists have reported that these might be the 

predominant form of microplastics in the oceans, especially in the seabed. It’s likely that many of 

the microplastics that are being consumed by freshwater and marine organisms are microfibers 

shed from clothing during washing or originated in fisheries accessories (Bruce et al., 2016).  

Translocation and Microplastic Retention 

Translocation is referred to the change of location of the microplastic inside the organism that 

ingested it, for example, from the guts to the circulatory system. On the other hand, plastic 
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retention is when microplastic is retained inside the organism. Although most of the existing 

studies have looked for microplastics inside the digestive system, the translocation and retention 

of microplastics have been confirmed by some studies. This is a matter of big relevance as these 

phenomena could potentially increase the risks that may affect organisms, i.e., the more a 

microplastic translocates within or/and is retained inside an organism, the more hazardous it could 

be. 

 Marine Organisms 

Microplastics are a major threat to marine organisms as their environment is propitious to easily 

ingest these pollutants. Different feeding methods exist across marine organisms: filter feeders 

(mussels, whales, and sharks), deposit feeders (lugworms) and detritivores (amphipods). 

Independently of the feeding method, it has been shown that the microplastic ingestion can occur 

(Farrell & Nelson, 2013). Nevertheless, there is evidence that filter-feeding marine animals are 

even more exposed to microplastic ingestion as the feeding method involves taking big amounts 

of water in relation to the weight of the organism (Fossi et al., 2014). In addition, many of these 

organisms are at the bottom of the food chain and are prey for many predators, hence, transfer of 

the pollutant across the food chain has also been proven.  

There are multiple pathways by which organisms can take up microplastics, for instance: they can 

be adhered to the body, absorbed, taken up across the gills through ventilation or ingested. As for 

ingestion concerns, it may occur unintentionally (e.g. confused for food, trophic transfer) or 

intentionally ingested (Farrell & Nelson, 2013). 

Hazards to organisms from microplastic ingestion are both physical and chemical. Impacts might 

be: block digestive tracts, a false sense of satiation and starvation, impaired feeding capacity, 

debilitation, limited predator avoidance, hepatic stress, changes in the endocrine system, 

early tumor formations, translocation of the microplastic, among others (GESAMP, 2016).  

In relation to microfibers, observations of field specimens showed that fibers can get tangled and 

create agglomerates in the stomach, locking organs by obstruction and therefore hindering or 

preventing food ingestion (Murray & Cowie, 2011). Some of these impacts may also have further 

consequences, as disrupted functions can lead to a decrease in the performance of the organisms 

and thus to a decline in the ecosystem equilibrium (Brennecke et al., 2015).  More about 

microfibers impacts in annexes (Specific Microfibers Impacts Studies). 

Moreover, the proven capacity of plastics to adsorb and concentrate hazardous chemicals is a 

serious concern because: 1) microplastics are everywhere, 2) these chemicals can be transferred 
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from the plastic to the organism and across the food chain (Andrady, 2011), and 3) have the 

capacity to pass from mothers to their offspring within the womb (Crawford & Quinn, 2016). 

 
Figure 4.18. Impacts of microplastics in organisms (M. Cole et al. 2015). 

 

Studies of the impacts of the microplastics on biota are detailed in the annexes (Studies on Impacts 

on Marine Organisms). 

 Other Organisms 

Most studies upon effects on no-marine animals have been made in relation with macro-sized 

plastics. Nevertheless, it is possible that large vertebrates associated with freshwaters (e.g. 

waterfowls) might ingest microplastics, either directly or through ingestion of other organisms. 

For instance, microplastics can be ingested by large animals that prey freshwater fish (Eerkes-

Medrano, Thompson, & Aldridge, 2015). 

 Transfer in the Food Chain & Biomagnification 

For simplicity, the terms food web and food chain are used indistinguishably in this report.  

The transfer of microplastics across the food chain has been proved by many studies. As it is 

known, the lower organisms of the food chain (e.g. plankton, shrimps) ingest microplastics. 

Therefore, whenever a predator eats a prey that ingested microplastics, the pollutants enter the 

food chain and biomagnification can occur (Duis & Coors, 2016; Farrell & Nelson, 2013; 

GESAMP, 2016). The contribution of microplastic ingestion to biomagnification is highly 

dependent on the feeding traits of the species (Panti, Fossi, Baini, & Koelmans, 2017). A graphical 

explanation of the biomagnification process is shown next: 
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Figure 4.19. Microplastic transfer in the food chain and biomagnification (UNEP and GRID-Arendal 2016). 

 

Some studies made on transfer in the food web are: 

a. Turtles: A study carried out in turtles found that the presence of microplastics is directly 

related to food ingestion indicating the transfer of microplastics along the food chain, rather 

than direct uptake or degradation of macroplastics ingested (Ostiategui-Francia, Usategui-

Martín, & Liria-Loza, 2017). 

b. Trophic transfer between mussels and crabs: A study fed crabs (Carcinus maenas) with 

mussels (Mytilus edulis) exposed to microplastics (PS). They demonstrated that trophic 

transfer occurs and that microplastics were found not only in the digestive system of the crab 

but also in the hemolymph and tissues, meaning that the quantity transferred was enough to 

let the translocation happen (Farrell & Nelson, 2013). 

c. Seabirds: At higher trophic levels, seabirds might ingest microplastics directly as well as 

indirectly e.g. via fish that have consumed microplastics (Eerkes-Medrano et al., 2015) 

d. Sea lions: Indirect ingestion of microplastics by sea lions predators in sub-Antarctic zones is 

evidence of microplastics reaching the highest trophic levels of a marine food chain even in 

remote locations (McMahon et al., 1999). 

e. Fur seals: 164 microplastic particles (mean length of 4.1 mm) were recovered from the scats 

of fur seals (Arctocephalus.) on Macquarie Island (Sub-Antarctic). Polyethylene was the most 

predominant polymer. The authors hypothesized that the plastic particles were washed out to 
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sea and then selected by size and consumed by individuals of a pelagic fish species, who in 

turn were consumed by fur seals (Eriksson & Burton, 2003). 

4.7.3. Other Effects 

 Ecosystem 

a. Alteration of the physical properties of sediments: A study investigated shoreline sediment 

profiles contaminated by microplastics and discovered that sediments with plastics were more 

permeable and warmed more slowly. The authors hypothesize that the change in thermal 

properties could have significant consequences in organisms as, e.g., on sea turtles, whose 

sex determination is dependent on sediment temperature. Eggs buried underneath sediments 

with plastic would need longer incubation periods due to the temperature decrease and could 

result in a greater number of male hatchlings (Carson, Colbert, Kaylor, & Mcdermid, 2011). 

b. Increased abundance of some organisms: A study found a positive correlation between the 

abundance of microplastic particles and a pelagic insect (Halobates sericeus) population size 

in the North Pacific Subtropical Gyre. The increase in the insect’s abundance was attributed 

to the increase in surfaces available for the insects to lay their eggs, i.e., microplastics are 

used as oviposition sites for insects. This impact could destabilize micro-ecosystems 

equilibriums (Goldstein, Rosenberg, & Cheng, 2012; Majer, Vedolin, & Turra, 2012).  

c. Transport of alien species and algal blooms: Many marine species are known to attach to 

plastics. Some of these might drift long distances and pose an ecological impact when 

transporting alien species to new habitats. In addition, algal blooms might occur as well (Avio 

et al., 2016; GESAMP, 2016). 

d. Textiles / Release of chemicals used in the manufacturing process: Two studies detected 

high concentrations of hazardous chemicals in garments for sale. The studies suggested that 

textiles are a possible route for human exposure to these chemicals and demonstrated their 

release during garment washing. Further investigation should be made to determine how these 

hazardous chemicals evolve in the environment (Luongo, 2015; Luongo et al., 2014). 

 Human Health 

In terms of human health risks, there is a big concern as microplastic presence has been observed 

in a wide range of commercial marine organisms, in tap water and salt, among others. Therefore, 

it is evident that humans are exposed to ingest microplastics. For instance, it has been estimated 

that a European shellfish consumer can ingest up to 11,000 microplastics per year (Miranda & de 

Carvalho-Souza, 2016; Van Cauwenberghe & Janssen, 2014). In addition, humans may be 
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exposed to microplastics via other routes, including inhalation from the air and/or via active 

contact with cosmetics. Nevertheless, direct impacts of microplastics on human health are still 

not documented (Eerkes-Medrano et al., 2015; Galloway, 2015; GESAMP, 2016). 

There is also the concern of invasive species and hazardous substances linked to microplastics 

(GESAMP 2015). For example, in a study of aquatic habitats both upstream and downstream of 

a WWTP, McCormick et al. (2014) found that one of the most prominent bacterial assemblages 

found on the microplastic particles was from the family Campylobacteraceae, which includes 

multiple taxa associated with human gastrointestinal infections. 

 
Figure 4.20. Times Magazine in a report where they suggest that we might be ingesting all kind of 

microplastics when eating fish, including fibers shed from washing clothes (Riley, Miles, and Davenport 2015). 
 

A study made in China found that commercial sea salt is another possible microplastic route to 

humans. Fragments and fibers were the prevalent types of particles. Common microplastics 

materials were polyethylene terephthalate, followed by polyethylene and cellophane. The 

microplastics content was between 550 to 681 particles/kg in sea salts (D. Yang et al., 2015). 

Far more concerning are the results reported recently by an organization dedicated to plastics 

pollution. In combination with the University of Minnesota, they collected more than 150 tap 

water samples from cities in five continents. They found plastic fibers in almost every location 

tested. The results are summarized in the next table: 

 

Table 4.8. Percentage of microfibers found in drinking water the world (Kosuth et al., 2017). 

Area Count of samples 
% of samples with 

microfibers 
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USA 33 94% 

Lebanon 16 94% 

India 17 82% 

Uganda 26 81% 

Indonesia 21 76% 

Ecuador 24 75% 

Europe 18 72% 

 

The average number of fibers found in each 500 ml sample ranged from 4.8 in the US to 1.9 in 

Europe (Slovakia, the United Kingdom, Germany, Switzerland, Ireland, France, and Italy). 

However, as the authors mentioned, it would be inappropriate to use these findings to draw broad 

conclusions about water quality in individual countries, and further investigation is needed to 

comprehend better these new findings, including the methods used to purify the water at the 

sampling sites (Kosuth et al., 2017). 

In conclusion, we are ingesting microplastics via seafood, tap water, sea salt, etc. Hence, there is 

the urgent need to identify the microplastics pathways to the humans and to evaluate their 

potential to be harmfull for us. 

 Economical 

Measuring the full economic cost of microplastic litter is a complex task due to the wide range of 

economic, social and environmental potential impacts it may have, and the big knowledge gaps 

that still exists on this subject. Therefore, no accurate estimation exists yet (Newman, Watkins, 

Farmer, Brink, & Schweitzer, 2015). 

Nevertheless, there is a growing global concern about the increasing costs both of inaction and 

action that these pollutants could generate. The estimated total marine environmental impact cost 

from plastic pollution is at least $8 billion per year, where textiles account for $333 million per 

year (UNEP, 2014). As for the action costs, some organizations are making a profit from the 

plastic litter recovered from the ocean (e.g. using fishery accessories to produce energy). 

 Nanoplastics 

Nanoplastics are defined as particles with a size range of 1 nm to 1,000 nm (nanometer). 

Nanoplastics are probably as common as micro-sized plastics (GESAMP, 2016). These are 
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derived from the breakdown of microplastics (Andrady, 2011; Brack, 2015). However, there is 

no rough evidence yet as the identification and quantification of nanoplastics in the marine 

environment is a very difficult task due to the logistics challenges in analytical procedures 

(GESAMP 2016).  

In contrast to microplastics, nanoplastic particles may reach all organs and translocate through 

the cellular membrane (Hollman, Bouwmeester, & Peters, 2013). Moreover, it has been proved 

that adverse effects increase with decreasing particle size (Sjollema, Redondo-Hasselerharm, 

Leslie, Kraak, & Vethaak, 2016; C. Zhang, Chen, Wang, & Tan, 2017). Nevertheless, the range 

of marine organisms exposed to them are still unknown (GESAMP 2015; Koelmans et al. 2015). 

In addition, the small size of these particles has a huge surface to sorption environmental 

chemicals, as the surface to mass ratio increases when a particle size decreases. Chemicals 

adsorption by nanoplastic particles may be 15-250 times higher than that of microplastic particles 

(Hollman et al., 2013). 

Further research is needed to evaluate the distribution and fate of nanoplastics, as they may be 

even more hazardous than microplastics. 

 General Mitigation Strategies for Microplastics’ 

Contamination 

Even though primary microplastics are emitted mostly in the use stage of a plastic product (e.g., 

a tire or a pair of polyester pants), and secondary microplastics are (in this report) generated from 

mismanaged plastic litter, the mitigation strategies should be applied in every step of the life cycle 

of a plastic product. In this way, not only the emission or generation of microplastics could be 

mitigated but also a better reutilization, reuse, and recycling of plastic debris could be achieved. 

In most cases, economic issues will be the harder obstacle to overcome.  

This could be seen in the next figure: 
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Figure 4.21. Mitigation strategies to attack plastic pollution must be applied from the plastic production to the 

final disposition (Own elaboration). 

For instance, 

a. The textile industry could elaborate stronger garments that eliminate or reduce the microfibers 

detachment during their laundry, i.e., solutions applied in the materials and products designs 

(compartment 2). Another industry that could apply this measure is the tire industry.  

b. The appliance industry could carry out investigations in relation to the mechanical stress that 

washing machines generate on garments, not only because of fibers shedding but also to 

prevent garments deterioration. The incorporation of better filters should also be considered. 

These strategies correspond to the compartments 2 and 3 of the last figure. 

c. The one-use or disposable plastic products could and should be diminished to its minimum. 

In order to do so, not only the globalized and comfortable throw-away culture should be 

attacked but also there’s the need to find and create another plastic commodity that can 

substitute the economic losses to the plastic industry. These strategies occupy compartment 

1, 2 and 3 of the last figure. 

d. Up until today, the countries that have an efficient waste management system are a minority 

proportion, therefore, there is the need to extend these technologies, with special priority to 

regions where intense industrial activities and high populations exist, i.e., compartment 

number 4 of the last figure (see Table 4.5). 
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5. Textile Microfibers’ Quantification 

 Introduction 

As shown before, microplastics in the form of fibers account for an important proportion of these 

small pollutants, especially in the sea sediments near to coastal lines. In addition, some authors 

believe that these fibers could be the most common form of microplastics polluting the oceans; 

nevertheless, its needed further investigation as this might not be a true reflection of the overall 

situation, but a result derived from the unequal spatial distribution of these fibers. 

Using estimations made by Boucher & Friot (2017), it’s possible to estimate the relative amount 

of microplastics that are emitted from washing textiles. It was said before that between 15 to 31% 

of all microplastics in the oceans might have their origin in a primary source, and that synthetic 

textiles account for a 35% of those contributions. Therefore, the total relative microplastics’ 

contribution coming from washing textiles could be between 5.25 to 10.85%: 

 
Figure 5.1. The relative contribution of synthetic textiles for microplastics entering the oceans is between a) 

5.25% and b) 10.85% (Own elaboration). 
 

However, this is one of the first approximations of the relevance of this environmental problem, 

therefore, the estimations are not accurate yet. In fact, to calculate these numbers the authors 

treated all macro- and more sized plastics entering the oceans as secondary microplastics, which 

may probably give underestimated results for primary microplastics. 

Up to this day, very few studies have measured the detachment of microfibers from textile 

garments when washed in a washing machine, and despite no standardized method was used, the 

results are conclusive: thousands of microfibers are released from any garment in every 

wash, which means that there is a continuous and direct flow of microplastics in the form of 

microfibers from household and industrial activities to aquatic environments, making this 

microplastic source very relevant. 
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 Existing Works 

A critical analysis of the studies made on the subject is shown next, making special emphasis in 

the methodologies used. It must be noticed that the only intent of this section is to analyze the 

existence of weak spots in the works presented until now; this way, improvements in this respect 

could be achieved. 

Accumulation of Microplastics on Shorelines Worldwide: Sources and Sinks; 

Browne et al. (2011) 

This was the first article that reported fibers from the textile laundry as a source of microplastic 

pollution. By making an evaluation of the microplastics found in sediments worldwide, the study 

showed that the proportions of polyester and acrylic fibers used in clothing resembled those found 

in habitats that receive sewage-discharges, indicating that a major part of the marine microplastics 

might come from the textile laundry.  

Microplastics found in sediments consisted on polyester (56%), acrylic (23%), polypropylene 

(7%), polyethylene (6%) and polyamide (3%). Also, samples were taken in WWTP effluents and 

sewage disposal sites. It was found that polyester and acrylic were the most predominant 

microplastic types.  

Moreover, it was demonstrated that a single garment can produce > 100 fibers per liter of 

effluent or > 1,900 fibers per wash, where garments made of fleece material discharge > 180% 

more than others. Nevertheless, it should be noticed that a lower size bound of 1 mm was used in 

this study, giving probably underestimated results (Mark Anthony Browne et al., 2011). 

Methodology: Visual identification and counting of fibers. The authors didn’t put enough 

importance to describe the methodology. The report says that they used 3 different front-loading 

machines, no additives, and that the effluent was filtered and the microplastics counted. 

Weak spots: The method to quantify microfibers is not well described as they only mention that 

the microfibers retained on the filters were visually counted. Hence, it can`t be reproduced. In 

addition, the study didn’t use any additives (detergent or softener). 

Quantification and Characterization of Fibers Emitted from common Synthetic 

Materials during Washing; Folkö, Amanda (2015) 

This study was prompted by a Swedish association that treats wastewaters in Stockholm. It was 

found that the released microfiber mass decreased from the first to the fourth wash, while the 
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mean fiber length increased. Regarding the material type, the results were in accordance with 

the previous study: fleece material was found to discharge more than other polyester materials. 

This study estimated that a WWTP with 500,000 people connected can receive up to 16.9 tonnes 

of microfibers per year as a consequence of textiles laundry (Folkö, 2015). 

Methodology: Weighting. A front-loading washing machine (Cylinda professionell PT 3140) was 

used. Its effluent was collected in an 80 l barrel. Smaller samples were taken from there and 

filtered through 20 µm pores. The filtration was made until a layer of microfibers became visible 

on the filter surface. The quantity of microplastics was determined by differences in the weight 

of the filter before and after the filtration was made.  

Weak spots: The study didn’t use any additives (detergent or softener) because the previous study 

mentioned that it blocked the filters. The quantification of the microfibers was made by the 

difference in weight that the filters had before and after retaining the microfibers, however, the 

quantity of water that was passed through the filters was until a “layer of particles became visible 

on the filter surface”. A standardized method shouldn’t have such a subjective criterion. 

Release of synthetic microplastic plastic fibers from domestic washing machines: 

Effects of fabric type and washing conditions; Napper, I. & Thompson, R. (2016) 

The authors tested the release of fibers from the laundry of different materials and its relationship 

with 3 factors (temperature, detergent, and softener). It was found that for every 6 kg of garment 

washed, approximately 138,000, 496,000 and 729,000 fibers for polyester-cotton, polyester, 

and acrylic, respectively, are released. In relation to the factors, no conclusive results were found, 

as the interactions appeared to be very complex.  

Average fiber lengths and diameters emitted by each textile material and their relation fiber-mass 

are shown in the next table (Napper & Thompson, 2016). 

Table 5.1. Average fiber length and diameter emitted during washing and fiber-mass ratios estimated for each 

textile material (Napper et al., 2015). 

Material Length (mm) Diameter (µm) Fiber/mg 

Polyester-Cotton 4.99 17.74 334,800 

Polyester 7.79 11.91 457,998 

Acrylic 5.44 14.05 763,130 

 

As it can be seen, in two of the three cases analyzed the mean length was above 5 mm, which is 

the upper size limit usually used for microplastics; and in the polyester-cotton case, a mean fiber 
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length of 4.99 mm was used, meaning that almost half of the fibers counted were above 5 mm, 

i.e., they didn’t count only microfibers but also lager fibers. 

In addition, the relation fiber-mass obtained seems too high: they reported that 1 milligram of 

fibers contains approximately half million fibers with a mean length of 7.79 mm. 

Methodology: Weighting, measuring the fiber length and diameter, and applying a formula. A 

Whirlpool WWDC6400 washing machine was used. The garments were cut into equal sizes. The 

effluent was entirely filtered with nylon filters of 25 µm pores. To remove the build-up of 

detergent, the fibers were collected, washed using 2 l of water, and filtered again. The number of 

fibers was calculated using the next formula:  

𝑁 =
𝑀𝑇

𝜌
∙

1

𝜋𝑟2𝑙
=

𝑉𝑇

𝑉𝐴
 

Where: 

N : Number of fibers 

MT : Total mass of fibers collected 

ρ : Density of the textile material 

r : Average radius of the fibers collected 

l : Average length of the fibers collected 

VT : Total volume of the fibers collected 

VA : Average volume of the fibers collected 

Weak spots: This method could be difficult to achieve for two main reasons: 1) it was noticed in 

the experimental part of this thesis that measuring the length of the microfibers is a difficult task, 

they are not usually forming a straight line, and sometimes they could be entangled between them; 

2) to measure the fiber diameter is necessary to have an expensive equipment as an electronic 

microscope.  

Emissions of microplastic fibers from microfiber fleece during domestic washing; 

Pirc et al. (2016) 

They found that the emission of microfibers from laundry decreases from the initial washing 

cycles until it reaches a stabilized loss of 0.0012 % of weight per wash. The percentage was 

verified using an old garment. These results are similar to those presented by Folkö 2015, as first 

cycles detach more microfibers in relation to each of the posterior cycles. In addition, they tested 

the influence that additives (detergent and softener) may have, reporting that these are not the 

main factor in fiber release, but rather a mechanical stress. Moreover, with some 
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approximations, it was estimated that 500 grams of fabric will release 6 mg of fibers or 11,300 

microfibers, which is also comparable to results presented by Folkö 2015 but higher than those 

presented by Browne et al. (2011). Lastly, this study monitored the quantity of fibers released 

during spin-drying and found that it was higher than during the washing process by a factor of 3.5 

(Pirc, Vidmar, Mozer, & Kr, 2016).  

Methodology: Weighting and applying a formula. A front-loading machine (Bosch Maxx7) was 

used. The effluent of the washing machine was filtered. This time filters with 200 µm pores 

diameters were used. The results were obtained using the next formula:  

∆𝑚 =
𝑚𝐹

𝑚𝐼𝐺
∙ 100%  ;   𝑁 =

𝑚𝐹

𝐷𝑡𝑒𝑥 ∙ 𝑙
 

Where: 

Δm : Relative fiber release  

mF : Mass of the fibers collected 

mIG : Initial mass of the garment  

N : Number of fibers 

Dtex : Linear density (decitex) 

l : Average length of the fibers collected 

Weak spots: The authors didn’t indicate the volume of water filtered. The pore diameters of the 

filters used seem to be too big for the intended purpose of measuring microfibers. By filtering just 

two samples through a 2-3 µm pore filter, the study found that the fibers were mainly in the 20-

200 µm range, this means that the results of the previous part (when 200 µm filters were used) 

are completely underestimated, almost useless. In respect to the formula to calculate the number 

of fibers, as said before, the length it’s not easy to be measured, particularly if big volumes of 

water are filtered. 

Microfiber Pollution and the Apparel Industry; Bruce et al. (2016) 

A study made for Patagonia Inc. tested the fiber release from new and aged polyester and nylon 

garments, and for front- and top-loading washing machines. It was found that between 8,500 to 

250,000 fibers were released per garment per wash. Also, that aged garments shed 80% more 

fibers due to the weakening of fibers as a result of wear, and that top-load machines shed 

approximately 430% more fiber mass and smaller fibers likely influenced by the central agitator 

that they have. Additionally, in this case, the nylon jacket shed more fibers than the fleece-type 
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ones. Finally, they reported that the garment construction and the textile composition are 

important factors for the shedding of fibers (Bruce et al., 2016).  

Methodology: Weighting, using a mass-area ratio and applying a formula. Front- and top-

loading washing machines were used (Whirlpool WET3300XQ1). The effluent was filtered in 

two steps: 1) through a 333 µm mesh, and 2) through a 20 µm mesh. A reference mass-area ratio 

of the filters was previously established using ImageJ and a balance. The filters were weighted 

after the filtration, and the initial mass of the filter was calculated using the mass-area ratio and 

the area of the filters, thus, the mass of the fibers was calculated using the next equation: 

𝑚𝐹 = 𝑚𝑆 − 𝑅 ∙ 𝐴  ;  𝑁 =
𝑚𝐹

𝐷𝑡𝑒𝑥 ∙ 𝑙
 

Where: 

mF : Mass of the fibers collected 

mS : Mass of the sample  

R : Ratio mass-area of the filters 

A : Area of the filters 

N : Number of fibers 

Dtex : Linear density (decitex) 

l : Average length of the fibers collected 

Weak spots: The filtration column used by the study was applied in the begging of this project. 

It was found that using a thread system and/or a non-straight base to hold the filters causes 

problems when dismantling them. Therefore, a simple kitasato system was used instead. Also, the 

use of additives was not applied in this method. Finally, the use of two different methods increases 

the risks to have errors, i.e., they should have applied just the difference between the masses. The 

formula applied to calculate the number of fibers is the same than before. 

Shedding of synthetic microfibers from textiles; Aström, Linn (2016) 

A thesis made in a Swedish university used a “gyrowash” instead of a washing machine to 

evaluate the fiber release. The study found that fleece fabrics, fabrics made of yarns with more 

filaments, and tightly knitted yarn fabrics shed more fibers. Regarding the use, old garments 

detached more, which is in contradiction with Pirc et al. (2016). In addition, the use of detergents 

was found to significantly increase the shed of fibers. The author made special emphasis in the 

construction of the fabric as the main factor of the fibers` detachment (Åström, 2016).  
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Methodology: Visual identification and counting. The washing was done according to a standard 

for coloring tests in a gyrowash, which is a machine typically used for that purpose. The volume 

of water used to wash the piece of textile was of 125 ml. The author squeezed the textile to 

simulate the centrifugation of a washing machine. The filtration was made through a 1.2 µm 

fiberglass filter. Fibers were visually counted and classified by size into five groups.  

Weak spots: No washing machine was used. The methodology was in accordance with a standard 

made for another purpose. In addition, the squeezing of the textile turned the experiment even 

less realistic. 

Mermaids Life+ European Project (2017) 

One study made by a Life European Project (Mermaids-LIFE13ENV/IT/001069) with the 

collaboration of different institutes found that polyester, acrylic, and nylon materials are the main 

contributors to this pollution, and that an average of 20,000,000 microfibers is released per 

wash. Nevertheless, only the results have been published, and there is no information about the 

methodology used (MermaidsLife+EU/Project, 2017). 

Weak spots: As said before, no information was found about the procedures used. 

Next, a table with a summary of each study mentioned before
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Table 5.2. Summary of studies made on the emission of textile microfibers in a washing cycle (Own elaboration). 

Source Material 
Analyzed 

Factors 
Fabric Type Results Others 

Browne et al. 

2011 (1) 
Polyester Textile type  

Fleece ~ 280 

Fibers / liter  

First to report textile laundry as a potential source of MP to the sea. 

Any garment sheds more than 100 fibers per liter of effluent or 

more than 1,900 fibers per wash. 

Fleece shed more fibers. 

̴ 300 mg fiber / kg textile per wash (3). 

Filter = 20 µm. 

Blanket ~ 130 

Shirt ~ 170 

Folkö et al. 2015 

Polyester 
Textile type and 

material 

Fleece Shirt 
0.46% of its initial weight lost in 4 washes. 

64% of total emitted mass in first washing cycles. 

Released microfiber mass decreased from the first to the fourth 

wash. 

Fleece shed more fibers. 

̴ 700-1,500 mg fiber / kg textile per wash (Magnusson et al., 2016). 

Filter = 20 µm. 

57% Polyamide 

43% Polyester 
Sport Sweater 

0.10% of its initial weight lost in 4 washes. 

75% of total emitted mass in first washing cycle. 

Napper & 

Thompson 2016 

Polyester -Cotton 
Materials 

Temperature 

Additives 

 137,951 

Fibers / 6 kg of garment washed 

> 5 mm microfibers size considered for the study. 

No conclusive results for additives.  

Filter = 25 µm. 

Polyester Jumpers 496,030 

Acrylic  728,789 

Pirc et al. 2016 Polyester Additives Blankets 

̴ 0.0012 % of weight lost / wash 

̴ 6 mg fibers / 500 g garment / wash 

̴ 11,300 fibers / 500 g garment / wash 

= 135,600 fibers / 6 kg of garment washed 

Additives are not a main factor in fiber release. 

Mean fiber length = 5.3 mm. 

Filter = 200 µm (too big for the intended purpose). 

Bruce et al. 2016 

Nylon 
Textile type and 

material, 

Front- and Top-

load washing 

machines 

Non-fleece jacket 
8,500 to 

250,000 
Fibers per jacket per wash 

Old jackets shed 80% more fibers than new ones. 

Top-load washing machines shed 5.3 more than front-load ones. 

Non-fleece jacket shed little more fibers than fleece ones. 

̴ 26-4,300 mg fiber from washing jackets. 

Filter = 20 µm. 
Polyester 

Fleece pullover 

and jacket 

Åström 2016 Polyester 
No Detergent 

Fleece 
4,120 Fibers / liter effluent per 1 m2 of 

textile 

The fiber detachment depends on the features of a fabric than of the 

type of plastic.  

Filter = 1,2 µm. Detergent 7,360 

Mermaids Life 

Project 2017 

Polyester 
Textile type and 

material 

Fleece jacket 1,000,000 

Fibers / wash On average 20,000,000 microfibers are released per wash. Acrylic Scarf 300,000 

Nylon Socks 136,000 

Present work Polyester N/A Sport Shirt 
1,500 Fibers / liter For 22 liters of effluent and 6 kg of garment = 2,000,000 fibers. 

See section 6.3.2. of this report. 15 Fiber / gram of garment / liter 

(1)  Browne et al. 2011 only measured fibers with a length <1 mm. Therefore, under the definition used in this report, more fibers could be emitted. 
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 Textile Microfibers’ Quantification Method 

A novel method is presented that aims to provide an easy and replicable way to estimate the 

quantity of microfibers that a garment detaches during its laundry. This method measures the 

difference in the weight of the filter and makes a visual count of the fibers; hence, a relation 

weight-microfibers of each material and type of garment will be presented in the next stage of 

this project, which could be further used to estimate future microfibers `quantification works. It 

must be noticed that the objective of this section was to create a method able to make direct 

counts of the microfibers. 

5.3.1. Proposed Methodology 

 Previous Attempts 

In the way to formulate the final methodology other attempts were tested, some of which failed 

on their purpose. The problems which emerged from these attempts are described next: 

a.  Fibers count with a Neubauer Chamber: The Neubauer Chamber is used to count cells 

(e.g., blood cells). It is a thick crystal with reference measured lines on it, from which it`s 

easy to extrapolate the counted “things” to the main sample volume. This intent failed because 

of the small sample volume (10 µl) it uses; hence, no fibers were seen using this method. 

b. Filtering big volumes of samples: Samples of 1,000 ml, 500 ml, 100 ml, and 50 ml were 

filtered. The microfibers retained were so many that it was impossible to count them. In 

addition, the detergent clogged the filters quickly. 

c. Using a light-colored emplacement on which the filters with the fibers are placed for the 

count: The polyamide filters (in their Petri dishes) were put under the vision of the 

stereomicroscope. These filters are usually white; therefore, the background must be dark-

colored to see the fibers. 

d. Direct filtering: It was noticed that the detergent affects the weight of the filters; hence, 

before starting to wash the garments, an empty cycle must be done with the quantity of 

detergent to be used in the rest of the experiment; thus, an average difference of weight will 

be obtained, which will be subtracted to the weight of the filters with fibers. 
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 Methodology 

Characteristics of the Accessories and the Water Used 

Washing machine: A front-loading washing machine (FAGOR brand) was used. In order to save 

water, the superquick program was chosen (22 liters of effluent, 15 minutes, 1,000 RPM, low 

temperature, 0.05 kW). It must be noticed that superquick programs don’t make the “intensive 

wash” step; thus, the fibers concentration might be lower than in normal programs. 

Detergent: The brand of the detergent used is “Bosque Verde”, which is a common brand that 

can be found in the supermarket. The quantity used was in accordance with the specifications that 

it has as a function of the weight of the garment and the hardness of the water. 

Filters: The filters used were of polyamide (nylon) material, with a pore diameter of 20 µm. They 

were put in a desiccator for 24 h and 60 ºC and then were weighted to determine the initial mass. 

The filters were always kept in Petri dishes to avoid contamination. A little clamp was used to 

move them between the petri dish, the balance, and the filtering system. 

Filtering system: A kitasato flask was used with a pump to generate negative pressure and 

facilitate the pass of the water through the filters. 

Water characteristics: Tap water from Terrassa-Catalonia, which has the next properties: pH = 

7.6; Conductivity = 1,027 µS/cm2 (20 ºC); Hardness = 349 mg CaCO3/l was supplied to the 

washing machine (MINA, 2017). 

Methodology 

1) The garments were weighted, measured and categorized with respect to the material before 

starting the procedure. This way, the results were obtained not only as a function of the 

effluent but also of the area and the weight of the textile material. 

2) Before starting the washing cycles of the garments, an empty wash cycle was done with the 

volume of detergent to be used. The purpose of this is to measure how the weight of the filters 

is affected because of the detergent; hence, the estimated average difference of the weight of 

the filters will be subtracted in the rest of the procedure to get the weight of the fibers. 

3) Each garment was washed five times. All the effluent of the washing machine was collected 

in a closed barrel. A smaller sample of 10 liters was taken using a hose that was previously 

assembled at the bottom of the barrel. While taking the sample, an agitator was used to stir 

the water to get a representative sample.  
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4) For each garment wash, three smaller samples of 10 ml were taken to a graduated cylinder 

using a pipette. The purpose of such a small sample (10 ml) was to be able to visually count 

the microfibers retained. The cylinder was rinsed up with distilled water to approximately 

100 ml to get a more homogeneous fiber distribution on the filter.  

5) The already-weighted filters were carefully placed on the kitasato with a clamp just before 

filtering the water. In order to filter all the fibers presented in the sample, distilled water was 

used to clean the graduated cylinder and the walls of the kitasato. The filters were put in the 

Petri dishes and into the desiccator for 24 h and 60 ºC.  

6) The filters were weighed again and placed under a stereomicroscope, where the visual 

counting of the fibers was done by dividing the filters into 4 sections to avoid repeating fibers. 

The base on which the filter was for the count was dark-colored (black in this case) to facilitate 

the visualization of the fibers. 

5.3.2. Results  

The second step of the methodology was added belatedly; therefore, the new results weren’t 

finished at the moment this report was presented, and the section is shown without the values 

obtained from the difference in the weight of the filters. However, an approximation of the fibers-

mass ratio was made based on the fact that the quantity of detergent retained on the filters should 

be approximately the same. 

The tested garment presented here is a sports shirt made 100% of polyester, with an area of 0.55 

m2 and a weight of 101 g. The data and results are shown in the next table: 
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Table 5.3. Data and results obtained when counting fibers using the present quantification method (Own 

elaboration). 

Wash 

cycle 
Sample 

Fibers 
fibers / l effluent fibers / gl (1) fibers / m2l (2) 

Nº Avg. 

1 

1 69 

62 6,233 62 11,333 2 62 

3 56 

2 

1 38 

34 3,433 34 6,242 2 34 

3 31 

3 

1 29 

25 2,467 25 4,485 2 22 

3 23 

4 

1 18 

16 1,600 16 2,909 2 14 

3 16 

5 

1 13 

15 1,467 15 2,667 2 15 

3 16 

(1) / gl   = per gram of garment and liter of effluent.  

(2) / m2l = per square meter of garment and liter of effluent. 

 

The figure obtained with the values is shown next: 

 
Figure 5.2. Fibers detached from a garment as a function of the wash cycle. It can be seen that there is a 

decrease in the fibers’ emissions that stabilizes approximately in the 4th wash (Own elaboration). 
 

 -

 1.000

 2.000

 3.000

 4.000

 5.000

 6.000

 7.000

 8.000

1 2 3 4 5

fi
b

er
s 

/ 
li

te
r

Wash cycle

Sport polyester

fibers / liter



Microplastics & Microfibers  UPC 

71 

 

5.3.3. Discussion 

a. The method proposed appears to be reproducible. It can be seen in Table 5.3 or in Figure 5.2 

that the results obtained in each sample are similar between them. Hence, the data observed 

is coherent between each other and the results obtained are reliable. 

b. The major microfibers detachment occurs in the first 3 washes, which is in accordance with 

the results presented by Pirc et al. (2016). By the 4th washing cycle, the emission of fibers 

stabilizes in approximately 1,500 fibers per liter for this kind of garments, or 15 fibers per 

gram of garment per liter.  

One logical explanation is that in the first washing cycles the detachment is not only a 

consequence of the mechanical stress that the garment suffers but also because of the small 

imperfections that the garments have from its production. 

From the first to the third wash there is a reduction of the length of the detached fibers. This 

could be better seen in the next table: 

Table 5.4. Length decrease along the washing cycles (Own elaboration). 

Wash cycle 1 2 3 4 5 

Length [mm] < 4 < 2 < 1 < 1 < 1 

Mean Length [mm] 1.1 0.9 0.7 0.7 0.7 

 

This might reflect the imperfections commented before, as the first fibers are “leftovers” from 

the manufacture of the garment, and will be removed in the first washing cycles. 

In addition, even though there were some problems at the time of weighting the fibers, the 

excess of mass due to the detergent was approximately constant (the mass follows a similar 

trend than the counted fibers, the quantity of detergent used was always the same; hence, the 

difference in the ratio was because of the difference in the quantity of fibers emitted). 

Therefore, the reduction in the length of the fibers is also reflected in an increase of the 

relation fibers-mass: 
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Figure 5.3. It can be seen that there is an increase in the fiber-mass ratio, this means that the length of the 

fibers decreased in every wash until reaching a steady point (Own elaboration). 
 

c. An approximated relation fiber-mass can be calculated with the data as follows: 

As said, the quantity of detergent was always the same; hence, by subtracting the difference 

in the fibers emission and in the weight, the ratio can be obtained: 

Table 5.5. Estimated fibers-mass ratio (Own elaboration). 

Wash 

cycle (i) 

Avg. weight “W” 

[mg] 
Wi-Wi+1 Avg. Fibers “N” Ni-Ni+1 

Ratio N/W 

[fibers/mg] 

1 0.46 - 62 - - 

2 0.23 0.23 34 28 120 

3 0.15 0.08 25 10 126 

 

Therefore, an approximated fibers-mass relation is 126 fibers/mg; i.e., 126 microfibers weight 

1 milligram. This approximation seems more realistic than the 457,998 fibers/mg made by 

Napper & Thompson (2016). 

d. The results in respect to the mean fiber length are in contradiction with those presented by 

Folkó, Amanda (2015), as she found that the mean fiber length increased among the washing 

cycles. 

e. Most of the visible fibers had a length > 0.1 mm; hence, the design and implementation of a 

good and economic filter could prevent an important proportion of these fibers to reach the 

aquatic environments. However, this system must have a way to dispose correctly the retained 

fibers. 

f. If we compare this method with that proposed by Napper & Thompson (2016) and using the 

values of Pirc et al. (2016), we obtain what follows. 

135

140

145

150

155

160

165

1 2 3

F
ib

er
s/

m
g

Wash Cycle

Trend of the ratio Fibers-Mass



Microplastics & Microfibers  UPC 

73 

 

Using an electron microscope, it was possible to estimate the fiber diameter; the average fiber 

length was estimated with the stereomicroscope, and a density in halfway between 1.24 and 

2.30 g/cm3 was assumed for polyester (Table 1.1); then, we have the following data: 

ρ  : 1.77 mg/mm3 

l  : 0.6 mm 

r  : 0.005 mm 

MT : 1.21 mg (mass of fibers emitted for 22 liters of effluent, estimated with the     

0.0012 % wt of mass per washing cycle that is lost when the detachment is 

stabilized according to Pirc et al. 2016) 

Therefore, using the equation presented by Napper & Thompson (2016) we obtain the 

following result for one garment: 

𝑁 =
1.21 𝑚𝑔

1.77 𝑚𝑔 𝑚𝑚3⁄
∙

1

𝜋 ∙ (0.005 𝑚𝑚)2 ∙ 0.7 𝑚𝑚
= 𝟏, 𝟐𝟒𝟒, 𝟎𝟔𝟗 𝑭𝒊𝒃𝒆𝒓𝒔    (1) 

Calculating the number of fibers with the present method using the data of Table 5.3, we 

obtain: 

𝑁 =
(1,600 + 1,467) 𝑓𝑖𝑏𝑒𝑟𝑠 𝑙𝑖𝑡𝑒𝑟⁄

2
∙ 22 𝑙𝑖𝑡𝑒𝑟𝑠 = 𝟑𝟑, 𝟕𝟑𝟕 𝑭𝒊𝒃𝒆𝒓𝒔    (2) 

The difference is higher by two orders of magnitude, which seems too high. This might be a 

consequence of: 

 Pirc et al. (2016) made the experiment using also polyester garments, but fleece blankets 

were used instead. The literature reports that these are the type of textiles that emit the 

most fibers: 180% more according to Bruce et al. (2011). However, if we apply this factor 

we obtain that if the garments used were of the fleece type, the numbers of fibers emitted 

will be approximately 95,000 fibers, which is more than one order of magnitude below 

the results obtained with the equation (1); still too high in relation to the quantity 

estimated by this thesis’ method. 

 The 0.0012% reported by Pirc et al. (2016) or the equation proposed by Napper & 

Thompson (2016) overestimate the results.  

Therefore, further investigation will be made to evaluate independently the precision of those 

methods, as here a mix of both were used. 

g. It’s important to give the results as a function of unit of effluent, unit of mass of garment, and 

unit of area of the garment. This way, the data could be easily comparable between them. 
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5.3.4. Further Investigation 

Some further investigation that could help to make improvements in the reduction of the fibers’ 

detachment are: 

Additives: Study the detachment rates because of the use of different additives as non- and 

biodegradable additives, the use of softeners, powder versus liquid detergents, etc. 

Washing conditions: Investigate the influence of different operational factors as temperature, the 

velocity of centrifugation, etc., in order to decrease the mechanical stress done over the garments. 

In addition, determine if the difference between a superquick or an intense program varies the 

microfibers’ concentration in the effluent.  

Differences in the type and material if the garments: Make a ranking of the fibers’ detachment 

of the different garments, including the quantities of each type produced every year. This ranking 

could be useful to the textile industry. 

Fibers’ retention systems: Design and evaluate the implementation of washing machine filters 

to reduce the concentration of fibers in the effluent without clogging the washing machine. Also, 

this measure must come with a way to dispose correctly these fibers. 
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6. Conclusions 

 State of the Art of the Microplastics’ Contamination 

Definitions  

Microplastics are small pieces of petrochemical plastics with a generally considered length of <5 

mm. These were recently recognized as an environmental issue as they were found in every 

sampled ecosystem. They can come from different sources and with different physical 

characteristics. However, it was found that the definitions are not standardized yet. Therefore, it 

has been concluded that the next definitions should be considered to be used: 

a. The microplastics size should be less than 5 mm along its longest dimension. 

b. Primary microplastics should be those that reach the environment already in a microplastic 

size. In this line, the most important sources appear to be the detachment of microfibers when 

laundering a garment and the erosion of tires, followed by the city dust, road markings, marine 

coatings, personal care products and plastic pellets losses. 

c. Secondary microplastics should be those that are generated once in the environment as a 

consequence of a larger plastic fragmentation; hence, their source will be only the 

mismanaged plastic waste.  

d. In respect to the microplastics materials, further investigation should be done to evaluate 

the extension of the definition of microplastics to all kind of plastics, as some evidence 

suggests that the non-petrochemical microplastics could have also environmental impacts. 

Sources and Regional Contributions 

Regarding primary microplastics, it was reported the emission of 3,200 ktons/year, from which 

1,500 ktons/year reaches the oceans. This accounts for 15 to 31% of the microplastics inflow to 

the marine environments. However, it was found that the comparison was made considering the 

inflow of all larger plastics to the oceans as secondary microplastics. Hence, there could be an 

underestimation of the importance of primary microplastics and further research should be made 

to test this hypothesis.  

Estimations of larger plastics debris entering the oceans are around 10 million tons per year. Their 

fragmentation rate is still unknown; therefore, secondary microplastics can’t be quantified for the 

moment, so it’s recommended to use the term “potential secondary microplastics” for these larger 

plastics. 
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Emissions of primary microplastics by regions was found to be related to different factors as the 

distance of the roads, the presence of wastewater treatment plants, among others. While the 

potential secondary microplastics emissions are related mainly to the efficiency of the waste 

management systems that each country might have. 

The most polluting countries of both primary and potentially secondary microplastics have their 

coastlines on the North Pacific Ocean, which was found to be coherent with the high 

concentrations of microplastics found there.  

Distribution 

Microplastics have been found in every environmental system across the world: aquatic 

(freshwater and marine), terrestrial, atmospheric, and in different species. However, most of the 

studies were done in the marine environment, where it’s known that microplastics are ubiquitous. 

There is the need to standardize a method to improve comparisons between studies and to achieve 

a better understanding of this issue. 

The distribution across the aquatic environment seems to be highly influenced by the density of 

the microplastics; however, it was found that processes as e.g. biofouling could alter this density. 

The most contaminated marine surface waters are the five subtropical gyres and the 

Mediterranean Sea. The quantity of buoyant microplastics in the oceans was recently estimated 

at 15 to 51 trillion particles. Nevertheless, the estimations aren’t in accordance with the 

concentrations measured by the surveys. Hence, some authors believe that there are unknown 

processes removing the microplastics from the oceans. Further investigations should be done to 

test the hypotheses made upon this removal. 

In respect to the type of microplastic, some authors reported that microfibers predominate, 

suggesting that fibers from textiles and fisheries accessories are the most encountered in the 

oceans. In addition, a recent study reported rayon fibers as the major material. Two hypotheses 

were generated that could be tested: 

a. The microfibers predominance is a reflection of the sampling sites: It was noticed that the 

places where microfibers predominate were near anthropogenic influences, and it was found 

that microfibers concentrations in an ex-sewage disposal site were 250% higher than in the 

rest of the sampling sites, suggesting low dilution rates. Therefore, the microfibers 

predominance may not be a reflection of the overall situation but a consequence of the 

proximity to wastewater effluents and fisheries activities instead. 



Microplastics & Microfibers  UPC 

77 

 

b. Toilet paper as an important polluter: It was investigated that “rayon” material can`t be 

determined by the polymer identification methods; hence, it was concluded that it would be 

proper to refer to it as “cellulose”. Moreover, the worldwide production of rayon is relatively 

low. Therefore, it was concluded that these microfibers might come from the use of a 

massively used cellulose product, the toilet paper. 

Freshwaters systems were also found to be polluted, where high concentrations were measured 

downstream anthropogenic nuclei, suggesting their influence and a dilution process. In addition, 

some concentrations reported were even higher than those found in the center of the oceanic gyres. 

In terrestrial environments, some of the most important microplastics contributors seem to be the 

application of by-products from sewage sludge, the city dust, and the erosion of tires. The 

atmospheric system is the least studied but was found to be polluted mainly by natural fibers.  

As for microplastics in biota, over 100 species, from the smallest to the biggest organism, were 

found to have ingested directly or indirectly these pollutants. Microplastics were also encountered 

in more than 50 species of seafood ready for human consumption. The types and quantities of 

microplastics found in organisms could be useful to determine the distribution and fate of 

microplastics, as well as the efficiency of the different waste management programs applied in 

each region. 

More research should be done in every ecosystem in order to achieve a better knowledge of the 

sources, distribution patterns, and fates of the microplastics. 

Wastewater Treatment Plants 

Some authors refer to the WWTPs as microplastics sources. It must be noticed that these facilities 

only “distribute” these pollutants: a minor proportion will be discharged with the liquid effluent, 

and the rest will be retained in the sludge. Removal efficiencies from the liquid stream are between 

65 and 99%, but given the high volumes that are usually treated in a WWTP, the remaining part 

in the liquid effluent is still relevant. 

Adsorption of Chemicals 

Certain microplastics have some physical and chemical properties that make them suitable to 

adsorb non-polar compounds. Moreover, some plastics products retain toxic chemicals from the 

manufacturing process. Microplastic can accumulate toxic chemicals and act as vectors for them. 

Further investigation should be made to test the sorption rates and the relative importance of 

microplastics as a source of toxic chemicals in relation to other sources. It would be equally 

interesting to evaluate the recycling of plastic debris to design “toxic chemical catchers”. 
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Impacts 

The impacts are not well understood yet. However, it seems likely that marine organisms are the 

most threatened because of the ease by which they can ingest these pollutants.  

Impacts that microplastics might produce in marine organisms are: block digestive tracts, a false 

sense of satiation and starvation, reduced feeding capacity, debilitation, limited capacity of 

predator avoidance, hepatic stress, changes in the endocrine system, early tumor formations, 

among others. In addition, the transfer in the food chain and subsequent biomagnification have 

been proven. 

Microplastics could also affect ecosystems properties; for instance, change the permeability and 

heat transference in shoreline sediments, which may impact organisms that are sensitive to these 

variations; or have impacts on populations sizes of different organisms as they increase the 

available spaces to lay eggs or can act as vectors for alien species.  

In terms of human health, it’s only known that these pollutants are ingested through seafood, tap 

water, and sea salt. 

As seen, the evaluation of the impacts needs a lot of future research as this environmental issue 

was recently identified. 

Mitigation Actions 

Mitigation actions should be wide and different and should be applied in every step of a plastic 

product’s life cycle. Thus, not only the emission or generation of microplastics could be reduced 

but also a better use of plastic could be achieved. Further research is needed to evaluate possible 

solutions in each field of the plastics’ applications. 

 Textile Microfibers’ Quantification 

A novel and replicable method to quantify microfibers detached when laundering garments was 

achieved. This method consists in a visual counting and a weighting of the fibers, from where the 

quantity of fibers and a ratio fibers-mass can be obtained. Other ways to quantify the fibers were 

tested but failed.  

A polyester sports shirt was tested. The results obtained were lower than in most studies made up 

until today. It was found that the detachment rate decreased from the 1st to the 4th washing cycle 

and that the emissions stabilized at 1,500 fibers per liter of effluent, which is the same than 15 
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fibers per gram of garment per liter or 2,800 fibers per square meter of garment per liter. The 

fiber-length ratio was estimated at 130 fibers per milligram. The first two washes emitted longer 

fibers, while in the rest the length had a mean of 0.7 mm. A possible explanation is that in the first 

washing cycles the garment detaches the “leftovers” from its manufacturing process. It’s highly 

suggested to present the results as a function of the volume of the washing machine effluent, and 

the area and initial mass of the garment tested. 

As the research has demonstrated, the simplicity and high reliability of this method makes it very 

easy and recommendable for its use.  
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7. Specific Works Proposals 

 Verification of the Theory Proposed by Solé et al. (2017) 

As said before, a huge quantity of plastic waste ends up in the oceans. Hence, without any plastic 

removal mechanisms, ocean plastic debris should show a similar growth trend than plastic 

production. However, it was found that the temporal variability of plastic garbage floating on the 

sea (North Atlantic Ocean and the Caribbean Sea) have no obvious temporal trends. Therefore, it 

could be interesting to study the explanation proposed by Solè et al. (2017) by evaluating the 

dynamics between different organisms with plastics in a replicated marine environment. This 

could be helpful not only to test the theory but also to understand the fate of plastics in the oceans, 

the effects it could imply (e.g. microbes boom) and to acquire a better knowledge of ways to 

degrade or eliminate plastic garbage.  

 Reuse of Plastic Litter to Adsorb Contaminants 

Some plastics are non-polar and highly hydrophobic materials; hence, they have good affinity for 

other hydrophobic compounds as persistent organic pollutants and heavy metals. It could be 

promising to study the use of plastic garbage to manufacture “contaminants’ catchers”, which 

could be introduced in fresh or marine waters and removed every certain amount of time to desorb 

the contaminants that they may have retained. In this way, some plastics could have a second life, 

and the removal of contaminants from the environment would need no energy at all. 

 Extend the Definition of Microplastics by Evaluating the 

Risks from Non-Considered Ones 

It was found that the quantity of cellulosic plastic debris in coastlines and cellulose in the oceans 

is overwhelming. For instance, as some surveys have demonstrated, the beaches are contaminated 

with millions of cigarette butts. These are made of cellulose and eventually will fragment to 

microplastics in the form of fibers. These might possess physical and chemical risks, as the filters 

are usually contaminated with toxic compounds. Therefore, a critical evaluation of the definition 

of microplastics should be done based on these type of situations.  
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 Study the Microplastics’ Contribution of Toilet Paper 

It was found that the oceans contain a huge quantity of “rayon” fibers. These are not considered 

microplastics. However, it was noticed that the global production of rayon is relatively low and 

that the methods used to identify these polymers can’t be used to determine which cellulose fiber 

is. One massively used cellulose product turns to be the toilet paper, which usually ends up in the 

toilet and enters the sewage systems, from where a proportion will flow to the oceans. Therefore, 

it was concluded that it could explain the high concentrations of cellulose fibers found. These 

pollutants could be easily avoided just by making social campaigns.  
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9. Annexes 

 Primary Microplastics’ Sources Explanations 

Synthetic Textiles 
 

When washing garments (industrial or household), microfibers are released because of the ease 

by which the fibers that constitute them are detached. It happens principally as a consequence of 

the mechanical stress that the garment suffers in a washing machine. The first study on the subject 

reported that any garment can release more than 1,900 microfibers per wash (Mark Anthony 

Browne et al., 2011). However, they only accounted for microfibers with a length <1 mm; hence, 

this value may be underestimated (see section Existing Works).  

These microfibers are discharged with the washing machine wastewater effluent and carried to 

sewage treatment plants, which are not designed to treat them. From there, a proportion will be 

transferred to the sludge and the rest will flow to the water body receptor (see section 

Microplastics’ & Wastewater Treatment Plants (WWTPs)). Hereupon, these fibers may 

eventually reach the oceans where they will accumulate (GESAMP, 2016). Textile microfibers 

are also released to the air during use or during tumble drying, from where they could reach 

aquatic environments as atmospheric fallout (Dris, Gasperi, Saad, et al., 2016). 

Microfibers have been found in high concentrations from many samples that were taken across 

the world (Mark Anthony Browne et al., 2011; Claessens et al., 2011; M. Cole, 2016; A. L. 

Lusher, McHugh, & Thompson, 2013; Woodall et al., 2014; Wright, Thompson, & Galloway, 

2013), and in the digestive system of a wide range of living species (e.g., mussels and shrimps), 

and in fish and shellfish ready to be sold for human consumption (Bellas, Martínez-Armental, 

Martínez-Cámara, Besada, & Martínez-Gómez, 2016; A. L. Lusher et al., 2013; Nadal, Alomar, 

& Deudero, 2016; Neves, Sobral, Ferreira, & Pereira, 2015; Rochman, Tahir, et al., 2015; 

Sanchez, Bender, & Porcher, 2014). Polyester, polyamide, polyethylene terephthalate, and 

polypropylene are among the materials that usually compose these microfibers. Nevertheless, 

these polymers have many uses (e.g., fishing nets), so sometimes is impossible to know if these 

microfibers have their origin in textile garments. 

Therefore, giving that the detachment rates are high and the fact that washing clothes is a 

daily/weekly household activity, these microfibers are considered an important contributor to 
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microplastics’ pollution. For instance, a study that evaluated microplastic sources gave a 7/10 

urgency of priority for developing solutions upon textile microfibers (Verschoor et al., 2014). 

Hereunder, an example of some efforts that are already being made against polluting textile 

microfibers: 

a. Some textile international groups are interested in knowing the fibers’ detachment rates of 

their products in order to create solutions and evaluate them as for examples Inditex or 

Patagonia. 

b. The Rozalia Project has developed a ball that catches microfibers just by introducing it with 

the garments inside the washing machine. It was named the “Cora Ball” (The Rozalia Project, 

2017). 

c. The Guppy Friend is a bag where the garments are introduced during the washing process. 

Authors claim to filter up to 99% of the microfibers that are released from textiles during 

washing (GuppyFriend, 2017). 

d. The Good Practice Guide presented by Mermaids Foundation gives “tips” to help reduce 

these fibers from laundry activities (MermaidsLife+EU/Project, 2017).   

Vehicle Tire Dust 
 

When a vehicle is used, the outer part of the tire gets eroded generating microplastics in the form 

of small particles. Part of these particles will fly into the air before falling to the soil, the rest will 

land directly on the road, soil, or in a water body. These will eventually enter fresh- or marine 

waters as they will be washed into sewers or canals. The main component of a tire is styrene 

butadiene. As yet, there is no reliable information on the transfer of microplastics from tires to 

the marine environments (GESAMP, 2016). However, as shown in Table 4.1, given the massive 

and globalized use of tires, some studies have pointed out that their emission of microparticles 

could play a major importance in microplastics’ contamination to the oceans (Boucher & Friot, 

2017; Essel et al., 2015; Magnusson et al., 2016).  
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City dust: Weathering, abrasion and pouring (detergents, 

cleaning and maintenance products) 

 

 

Boucher and Friot (2017) define city dust as a group of nine primary microplastic’s sources 

recently identified. It includes losses from the abrasion of objects (e.g., synthetic soles of 

footwear), the abrasion of infrastructure (household dust, building coating) as well as from the 

blasting of abrasives and intentional pouring (detergents). Microparticles are also widely used in 

building materials in order to reduce the need for pigment, reduce the density and provide special 

surface properties (Lassen et al., 2015). These sources were grouped because their individual 

contribution is small, however, together they account for a relevant proportion of emissions. A 

detailed assessment should be undertaken in the future to precise the relevance of this source. 

Road Markings, Weathering, and Abrasion by Vehicles 
 

Road markings are applied during the development of road infrastructure and its maintenance. 

Different types of markings (thermoplastic, preformed polymer tape, and epoxy) are applied. In 

most European countries, thermoplastics are the most commonly used materials (Lassen et al., 

2015). The global traffic road marking coating consumption was around 1,200 ktons in 2014 

(Boucher & Friot, 2017). 

Loss of microplastics may result from weathering or from abrasion caused by vehicles. These 

pollutants will be spread by the wind or washed off from the roads by rain before reaching surface 

waters (Boucher & Friot, 2017). 

Marine Coatings: Weathering and Incidents during 

Application, Maintenance, and Disposal 

 

 

Ship surface coatings are applied at their building and reparation stages to prevent corrosion, 

deterioration and/or fouling of the structure and components. They include anticorrosive and 

antifouling paints. Typical synthetic polymers used are polyurethane and epoxy coatings. In the 

EU around 110,000 tonnes of coatings were used in 2001 (Boucher & Friot, 2017). 

The emissions generated during the application of the coating will depend on the blasting method 

implemented. For instance, spraying usually has a mass transfer efficiency of around 90%, while 

air-assisted systems can reach a transfer efficiency of 80% (OECD, 2009), this means that the rest 

will be directly emitted to the environment. In the other hand, during the normal use of the ships, 
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the coating will be continuously detached, spilling microplastics directly to marine or fresh-water 

environments.  

The shipping industry is also regarded as a primary source of microplastics as the cleaning of ship 

hulls uses plastic abrasives, which results in high quantities of microplastics being released 

directly into the ocean (Song et al. 2015). 

Cosmetics and Personal Care Products (CPCC) 
 

Microplastic particles, or microbeads in this case, are used as ingredients in a wide range of 

cosmetics and personal care products to provide a scrubbing or abrasive effect. Examples of 

CPCCs that use microbeads are toothpaste, facial scrubs and cleaners, exfoliating scrubs, hand 

cleaning alcohols, shower gels, makeups, sunscreens, among others (Napper et al., 2015). Their 

size could be between 5 µm to 1 mm (Rochman, Kross, et al., 2015). The percentage of plastics, 

as well as its size, form, specific properties and functions of plastic ingredients used in the 

different cosmetic products vary widely (GESAMP 2016). 

These microbeads are used to replace natural exfoliating materials and may represent up to 10% 

of the weight of some products. For instance, a study analyzed three shower gels and two peelings 

using a 40 µm sieve, the results were that between 1.2 to 4.7% of the weight of the products were 

composed of granular plastic materials (Dubaish & Liebezeit, 2013).  

In respect to the chemical composition, around 93% of these microbeads are made of polyethylene 

(Napper et al., 2015), other polymers used are polypropylene, polystyrene, 

polytetrafluoroethylene, polyester, and polyurethanes (Lassen et al., 2015).  

Most of these microplastics will be released to the wastewater systems. From there, their fate will 

be similar to that of the textile microfibers: if they pass through a WWTP many will be retained 

in the sludge while the rest will be discharged into a water body, but if there is no facility then 

they will directly reach an aquatic environment.  

The quantities that could be released are considerable, for example: 

a. Rochman et al. (2015) estimated that approximately 8 trillion microbeads may be emitted into 

aquatic environments per day in the US (Rochman, Kross, et al., 2015). 

b. Another study analyzed some cosmetic products and found that each bottle could contain 

between 137,000 and 2,800,000 microparticles. Therefore, a single use of a cosmetic product 

could release between 5,000 to 94,500 microbeads to the environment (Napper et al., 2015).  
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In most of the cases, eliminating this source might not a difficult task. Microplastics in these 

products are avoidable since replacement alternatives as natural substances exist and are already 

being used by some cosmetic companies (GESAMP, 2016). As a matter of fact, the consumption 

of microbeads has been declining as they have been being replaced by biodegradable products 

(Lassen et al., 2015). 

Some measurements that are being taken are exposed hereunder: 

a. In the US, a prohibition of selling and distributing products containing microbeads was 

included in a law signed by ex-president Obama. A microbead is defined in that law as “any 

solid plastic particle that is less than 5 millimeters and that is used for the purpose of 

exfoliating or cleansing” (US Congress, 2016).  

b. In the UK, the use of microbeads will be banned in some products by the end of 2017. This 

was thanks to a petition that was signed by more than 357,000 people (TheGuardian, 2017).  

c. Some companies as Unilever, The Body Shop, IKEA, Target Corporation, L’Oreal, 

Colgate/Palmolive, Procter & Gamble, and Johnson & Johnson “pledged” to stop using 

microbeads in their “rinse-off personal care products” (Rochman, Kross, et al., 2015). 

d. The Beat the Microbead organization published a list by country of the products which 

contain or not microbeads (Beat Microbead, 2017). 

Plastic Pellets 
 

Pellets are described as lentil-sized plastic particles used for the manufacture and processing of 

plastics products (G. Cole & Sherrington, 2016). The process usually involves applying heat to 

the pellets to convert them into a viscous substance which then is blown and stretched into a mold. 

The mold must be cooled to set the plastic in (e.g. a bottle) shape (PlasticsEurope, 2015). Their 

size is generally between 2 and 5 mm in diameter, and their weight will vary depending on the 

polymer type and the intended use (G. Cole & Sherrington, 2016). Pellets production has risen 

enormously in the last years as a consequence of the continuous and exponential growth of the 

use of plastic. 

Plastic pellets can occur during the production, transport and recycling stages of plastics (Boucher 

& Friot, 2017), and although there are programs to prevent pellet losses, high concentrations have 

been found in freshwater and marine habitats by several studies. For example, one study reported 

that pellets accounted for a 17% of the microplastics in sediment samples from European rivers 

(Karlsson, 2014). However, it has to noticed that in most of the studies that found pellets, the 
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samples were taken in aquatic environments nearby polymer plants, therefore, it can`t be 

concluded the estimated importance of these pellets as microplastics pollutants (GESAMP, 2016). 

Estimations reported on pellet losses are widely different. One main reason may be that individual 

companies provide no data on pellet loss, citing corporate secrecy (Essel et al., 2015). However, 

despite the fact that the fraction of pellets emitted to the environment is known to be generally 

low (because of the high production efficiency), the tonnage of plastic handled is so large that 

these result in billions of pellets being lost each year (G. Cole & Sherrington, 2016). This is likely 

to decrease in the future due to the industry's own interest in making production as efficient as 

possible and the incorporation of the Best Available Technologies (GESAMP, 2016). 

An example of an organization doing something about it is the Operation Clean Sweep 

(https://opcleansweep.org), which is an international program that aims to achieve zero pellets, 

flake and powder loss. 
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 Marine Environment Studies 

Table 9.1. Marine Environment Studies (Own elaboration). 

Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Naidoo, 

Glassom, & 

Smit, 2015) 

KwaZulu-

Natal, South 

Africa 

Estuaries 

and 

beaches 

along the 

Durban 

coastline 

745 particles per 

500 ml of 

sediment 

Mostly fibers - 

In surface waters, plastic films and 

fragments constituted the higher 

proportion. 

(Mark Anthony 

Browne et al., 

2011) 

18 beaches 

across the 

world 

Coastal 

sediments 

2 to 31 

microplastics per 

250 ml of 

sediment 

Fibers 

56% Polyester 

Sewage disposal sites resembled this 

characterization. 

23% Acrylic 

7% Polypropylene 

6% Polyethylene 

3% Polyamide 

(Blumenröder, 

Sechet, 

Kakkonen, & 

Hartl, 2017) 

Scapa Flow, 

Orkney 

Intertidal 

sediments 

2,300 particles / 

kg of sediment 

Fibers and fragments 

45% Polytetrafluoroethylene 

0.7 µm glass fiber filter. 

15% Polyethylene 

15% Polyvinylidene 

730 particles / kg 

of sediment 

10% Polyamide 

8% Polyester 

3% Polyacrylonitrile 

3% Polydimethylsiloxane 

(Ling et al., 

2017) 

South-Eastern, 

Australia 

Sub-tidal 

marine 

sediments  

3.4 microplastics / 

ml of sediment 

84% Filaments 
- 

Microplastics were ubiquitous across 

sampling sites. 

Particles length: 0,038-0,25 mm. 16% Particles form 

(Lee et al., 2013) South Korea 

6 Beaches 

near the 

Nakdong 

River 

Estuary 

8,205 to 27,606 

(*) 

microplastics/m2 

(1-5mm) 

Mostly styrofoam 

fragments 
- 

(*) Average in two different seasons. 

Maximum of 92,217 

microplastics/m2. 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Woodall et al., 

2014) 

Atlantic 

Ocean, 

Mediterranean 

Sea, and the 

Indian Ocean 

Deep-sea 

sediments 

1.4 to 40 

microfibers / 50 

ml of sediment 

Mostly fibers 

56.9% Rayon Rayon is not considered a 

microplastic, as it is a man-made 

semisynthetic polymer. It’s probably 

that rayon was confused with 

cellulose, and may have the origin in 

e.g. toilet paper. 

23.0% Polyester 

14.7% 

Other plastics 

(polyamide, acetate, 

etc.) 

5.3% Acrylic 

(Cincinelli et al., 

2017) 

Ross Sea, 

Antarctica 

Sub-surface 

waters, 

near- and 

off-shore 

0.0032 to 1.18 

particles / m3. 

Mean value of 

0.17 

72% Fragments 57.1% 
Polyethylene and 

Polypropylene 
The higher concentration of fibers 

was found close to a conventional 

sewage plant of an Italian station 

situated there. 

13% Fibers 28.6% Polyester 

15% Others 5.7% Polytetrafluoroethylene 

- - 5.7% 
Polymethyl 

methacrylate 

- - 2.9% Polyamide 

(Obbard et al., 

2014) 
Arctic Sea ice 

38 to 234 particles 

/m3 of ice 

  54% Rayon 
The relative proportions of different 

polymers found as microplastics 

debris did not closely match the 

relative proportions found as larger 

items of debris in the water column  

  21% Polyester 

  16% Polyamide 

  3% Polypropylene 

  6% Others 

(Amy L. Lusher, 

Tirelli, 

O’Connor, & 

Officer, 2015) 

South and 

southwest 

Svalbard, 

Norway, 

Arctic Sea 

Surface 

waters (top 

16 cm) 

0 to 1.31 particles 

/ m3 (avg. 0.34) 
95% Fibers 

30% 
Cellulose (possible 

rayon) Fibers may originate from the 

breakdown of larger items 

(transported over large distances by 

prevailing currents, or derived from 

local vessel activity), or less likely 

from sewage and wastewater inputs 

from coastal areas. 

15% Polyester 

15% Polyamide 

10% Acrylic 

subsurface 

waters (6 m 

depth) 

0 to 11.5 particles 

/ m3 (avg. 2.68) 
5% Fragments 

5% Polyethylene 

5% Polyvinylchloride 

20% Unknown 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Amélineau et 

al., 2016) 

East 

Greenland Sea 

(Arctic) 

Water 

column 

0.99 particles / m3 

in the presence of 

sea ice and in 

2005 
97% Fibers 

53.3% Polyester 
0.5 mm mesh size. 

The same study evaluated the 

ingestion of microplastics by a bird 

that eats plankton. Polyvinylchloride 

and polyethylene were mostly found 

in the guts. 

23.3% Polyethylene 

10.0% Polypropylene 

2.38 particles / m3 

in the absence of 

sea ice and in 

2014 

6.7% Cellulose acetate 

3.3% Polyamide 

3.3% Polyvinylchloride 

(de Carvalho & 

Baptista N., 

2016) 

17 beaches in 

Guanabara 

Bay / 

Southeast 

Brazil 

Coastlines 
12 to 1,300 

particles / m2 

56% Fragments 

- 

Seasonal differences were found on 

microplastics concentration, during 

summer ranged from 12 to 1,300 

particles per m2, during winter from 3 

to 743 particles per m2. 

The highest concentrations of 

microplastics were derived from the 

mechanical and chemical 

fragmentation of larger plastics debris 

in the coastal environment. 

28% 
Styrofoam 

Fragments 

9% Pellets 

7% Fibers 

(Hidalgo-Ruz & 

Thiel, 2013) 

Chilean coast 

and Easter 

Island, 

Southeast 

Pacific 

Coastline 

27 and 805 

particles / m2, 

respectively 

89% Fragments - 1 mm mesh. 

(Claessens et al., 

2011) 
Belgian coast 

Coastal 

harbors 

sediments 

166.7 particles / 

kg of sediment 

Max. = 390 

particles / kg of 

sediment 

59% Fibers - 

Polypropylene, 

polyamide and 

polyvinyl alcohol 
It was suggested that the depth profile 

of microplastics concentration in the 

sediment cores on the beaches reflect 

the global plastic production increase. 
Coastlines 

92.8 particles / kg 

of sediment 
25% Granules - 

Polypropylene, 

polyethylene and 

polystyrene 

Sublittoral 

area 

97.2 particles / kg 

of sediment 
12% Spherules - - 

  4% Films - Polyamide 

(Martins & 

Sobral, 2011) 

Portuguese 

coastline 
Coastlines 

29 to 393 particles 

/ m2 

Pellets, fragments, films 

and fibers 
Polyethylene, polyester, polystyrene - 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Reddy, Shaik 

Basha, 

Adimurthy, & 

Ramachandraiah, 

2006) 

Alang-Sosiya 

ship-breaking 

yard, India 

Intertidal 

zone 

66 to 89 mg of 

microplastics / kg 

of sediment 

- Polyurethane, nylon, polystyrene, polyester 

The polymers identified are usually 

used in the construction of ships and 

in the making of associated 

components such as insulating 

materials, fabrics, packaging, etc. 

(McDermid & 

McMullen, 

2004) 

Hawaiian 

beaches 
Beaches 

4 to 17,645 

particles / m2 
  

87% Fragments 
- 

11% Pellets 

(Kunz et al., 

2016) 

Northern coast 

of Taiwan 

4 beaches 

along the 

coast 

4 to 532 particles / 

0.0125 m3 
- - 1,097 particles weighted 0.771 g. 

(Laglbauer et al., 

2014) 
Slovenia 

Shoreline 

and 

infralittoral 

(*) along 

the 

Slovenian 

coast 

133.3 particles / 

kg of sediment 

(shore) 

75% Fibers 

- 

Infralittoral is at 10 m distance 

perpendicular to the shoreline. All 

samples contained microfibers. No 

granules were founded. 

26% were in the 0.25 to 1 mm range. 

74% were larger microplastics (1-

5mm). 

It is unlikely that pollution by 

microplastics is directly related to 

tourism activities in Slovenia 

21% Fragments 

4% Films 

155.6 particles / 

kg of sediment 

(infra) 

96% Fibers 

4% Films 

(Naji et al., 

2017) 

Strait of 

Hormuz, 

Persian Gulf, 

Iran 

Intertidal 

zone 

2 to 1,258 

particles / kg of 

sediment 

83% Fibers 46.9% 
Polyethylene 

terephthalate Direct relation between microplastics 

abundance and level of anthropogenic 

activity. 
11% Film 32.1% Polyethylene 

6% Fragments 21.0% Polyamide 

(Nel et al., 2016) 

Southern coast 

of South 

Africa 

Beach 

sediments 

688.9 to 3,308 

particles / m2 

- - 

These data indicate that the presence 

of microplastics was not associated 

with proximity to land-based sources 

or population density, but rather is 

governed by water circulation. 
Water 

column 

 

257.9 to 276.7 

particles / m3 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Zhao et al., 

2014) 

Yangtze 

Estuary, China 
Surface 

waters 

4,137 particles / 

m3 

79% Fibers 

- 

The similar share of MP types in the 

Yangtze Estuary and the East China 

Sea indicated a possible MP flux from 

the river to the adjacent sea. Rivers 

are an important via for microplastics. 

9% Granules 

12% Films 

East China 

Coast 

0.138 particles / 

m3 

83% Fibers 

15% Granules 

2% Films 

(Zhao, Zhu, & 

Li, 2015) 

Six tourism 

beaches / 

South China 

Sea 

Coastlines 

97.5 particles / m2 

or  

7.0 grams / m2 

46% Granules 
polyethylene, polypropylene, polyvinyl 

chloride or polytetrafluoroethylene 
59.7% polypropylene 

31.2% Polyethylene  

Pellets may be derived from marine 

transport within the Pearl estuary as 

there are many plastic enterprises 

located in Guangdong. 

32% Fibers polypropylene 

11% Films 
polyethylene, polypropylene or 

polyphenylene 

11% Pellets - 

(Collignon et al., 

2012) 

North Western 

Mediterranean 

Sea 

Surface 

waters 

0.116 particles /m2  

or  

2.02 mg / m2 

- - 

The neustonic plastic particles 

concentrations were 5 times higher 

before than after a strong wind 

event which increased the mixing and 

the vertical repartition of plastic 

particles in the upper layers of the 

water column. 

(Cózar et al., 

2015) 

Mediterranean 

Sea 

Surface 

waters 

1 item / 4 m2  

or  

243,853 items / 

km2 

88% Fragment 

- - 

6% Films 

2% Foam 

2% Fishing thread 

2% Pellets/Granules 

(C. J. Moore, 

Moore, 

Leecaster, & 

Weisberg, 2001) 

North Pacific 

Central Gyre 

Surface 

water 

334,271 particles / 

km2  

or  

5,114 grams / km2 

or  

0.034 grams / m3 

62% Fragments 

- 333 µm mesh used. 

29% Thin films 

7% 
Polypropylene 

line 

1% Styrofoam 

0.2% Pellets 

0.6% Others 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(V. Fischer et al., 

2015) 

Kuril–

Kamchatka 

Trench, north-

west Pacific 

Deep-sea 
Range 60 to 2,000 

particles / m2 

75% Fibers 

- 

Microplastics defined as those <1 

mm. 

Microplastics were ubiquitous in the 

smaller fractions of every box corer 

sample that has been sorted yet. 

After sinking to the ocean floor, they 

could be transported to the abyss of 

the Kuril–Kamchatka Trench area by 

the strong northwards flowing 

“trench-countercurrent” 

25% 

Paint chips or 

small cracked 

pieces of 

unknown origin 

(Turner & 

Holmes, 2011) 

The Island of 

Malta 
Coastlines 

Range <1 to 167 

particles / m2 

Max. = >1,000 

particles / m2 

Mostly Pellets Mostly Polyethylene 

Pellets were observed at all locations 

visited and were generally most 

abundant (>1,000m2) at the surface. 

The abundance of surficial pellets per 

m2 was greater (typically by at least 

an order of magnitude) on the 

backshore of each beach 

(Dubaish & 

Liebezeit, 2013) 

Jade System, 

southern North 

Sea 

Surface waters - 

88 

1,100 

Fibers / l 

Maximum 

- 

Black particles come from biomass 

burning and anthropogenic 

combustion sources. Also, tire wear 

particles contribute to the load of 

aquatic systems with soot-like 

particles. 

64 

1,000 

Granules / l 

Maximum 

30 

270 

Black particles/l 

Maximum 

(Eriksen et al., 

2014) 

Mediterranean 

Sea 

Surface 

waters 

1,000 to 890,000 

particles / km2 
- - - 

(Liebezeit & 

Dubaish, 2012) 

East Frisian 

Islands 

Spiekeroog 

and 

Kachelotplate, 

Germany, 

North Sea 

Coastlines 

and 

intertidal 

zone 

- 

461 
Fibers / kg of 

sediment 

- 

Fragments and pellets were 

completely absent. Intertidal zones 

had more microplastics than samples 

taken on the beach. Pre-production 

pellets do not contribute to a large 

extent to the loading of the beaches 

investigated. Fibers come from 

sewage treatment plants and 

fragmentation of ropes. 

210 
Granules / kg of 

sediment 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Norén & 

Naustvoll, 2010) 

Swedish west 

coast waters 

Planktonic 

and benthic 

samples 

150 to 2,400 

particles / m3 

Max. > 100,000 

particles / m3 

Mostly fibers and spheres - 

Up to 100,000 times higher 

concentrations of small plastic fibers 

were retained on an 80 µm mesh 

compared to a 450 µm mesh. 

(Graham & 

Thompson, 

2009) 

East coast of 

the USA 

Subtidal 

sediments 

105 to 215 

particles / liter 
Fibers, fragments, pellets - 

Fibers were the predominant form of 

MP, coming from threads used for 

fishing activities. 

(Thompson et 

al., 2004) 
Plymouth, UK 

Beaches 

sediments 

10 particles / l of 

sediment 

Mostly fibers 

acrylic, alkyd, polyethylene, polypropylene, 

polyamide, polyester, polyethylene, 

polymethylacrylate, polypropylene, and 

polyvinyl-alcohol 

Similar types of polymer were found 

in the water column as in sediments, 

suggesting that polymer density was 

not a major factor influencing 

distribution. 

estuarine 

sediments 

40 particles / l of 

sediment 

Subtidal 

sediments 

120 particles / l of 

sediment 

(Doyle, Watson, 

Bowlin, & 

Sheavly, 2011) 

Northeast 

Pacific Ocean 

(Southeast 

Bering Sea 

and Coast of 

Southern 

California) 

Pelagic 

zone 

0.004 to 0.19 

particles / m3 

or  

0.024 to 0.209 mg 

/ m3 

Mostly fragments - 

505 µm mesh used. 

In winter, more particles were found. 

It may be because of the higher 

turbulence in the water column that 

mixes the particles into the water 

column from the surface or sediments. 

(C. J. Moore, 

Moore, 

Weisberg, Lattin, 

& Zellers, 2002) 

Southern 

California’s 

coastal waters 

Neustonic 

zone 

7.25 particles / m3 

or 

2 mg / m3 

Mostly fragments and 

films 
- 

333 µm mesh. The density of 

neustonic plastic along this study was 

about 3 times higher than that found 

in the mid-Pacific gyre by Moore et 

al. (2001), though the mass was 17 

times lower. This reflects differences 

in proximity to land-based sources. 

After a storm, the concentration was 7 

times higher. 

(Mark A. 

Browne et al., 

2010) 

Tamar 

Estuary, UK 

Estuarine 

sediments 

1 to 8 particles / 

50 ml of sediment 
Mostly fibers 

35% Polyester 

- 
26% Polyvinylchloride 

18% Polyamide 

10% Acrylic 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Sadri & 

Thompson, 

2014) 

Tamar 

Estuary, UK 

Estuarine 

surface 

waters 

- 

Mostly fragments, 

followed by pellets, films 

and few fibers 

40% Polyethylene 

0.300 mm mesh size used. 

Microplastics’ sizes from 1 to 3 mm. 

25% Polystyrene 

19% Polypropylene 

7% Polyvinylchloride 

6% Polyester 

3% Polyamide 

(Alomar, 

Estarellas, & 

Deudero, 2016) 

Mallorca and 

Cabrera 

Islands, 

Mediterranean 

Sea 

Coastal 

shallow 

waters 

sediments 

Mallorca: 123 to 

164 MPs / kg of 

dry sediment 

>60% Fibers 

- 

0.063 mm mesh size used. 

In Cabrera (a marine protected area), 

higher concentrations were found, 

suggesting that these contaminants are 

transferred from distant areas to 

deposition zones. 

 

Cabrera: 101 to 

897 MPs / kg of 

dry sediment 

>60% Fragments 

(Wessel, 

Lockridge, 

Battiste, & 

Cebrian, 2016) 

Mobile Bay, 

Northern Gulf 

of Mexico 

estuaries 

Intertidal 

sandy 

sediments 

5 to 117 particles / 

m2 
- Mostly polyethylene and polypropylene 

0.2 mm mesh used. 

Microplastics sizes from 2.5 to 4.0 

mm. 

(Sutton et al., 

2016) 

San Francisco 

Bay, 

California, 

USA 

Surface 

waters 

Mean: 700,000 

particles / km2 

From 15,000 to 

2,000,000 

particles / km2 

Mostly fibers and 

fragments 
- 

0.333 mm mesh size used.  

Effluents from WWTPs were sampled 

with 0.125 mm mesh size (useful for 

microbeads retention). 

WWTPs discharged 0.086 

microplastics per liter (56 million 

microplastics per day). 

(Amy L. Lusher, 

Burke, 

O’Connor, & 

Officer, 2014) 

Northeast 

Atlantic Ocean 

Subsurface 

waters (3 m 

depth) 

2.46 particles / m3 

96% Fibers 

Polyester and Polyamide 0.250 mm mesh size used. 
4% Fragments 

(Desforges et al., 

2014) 

Northeast 

Pacific Ocean 

Subsurface 

waters (4.5 

m depth) 

8 to 9,200 

particles / m3 
75% Fibers - 

0.062 mm mesh size used. 

Concentrations were 4-27 times 

greater onshore than offshore. 

Fibers concentration decreased with 

increasing distance from shore 
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 Freshwater Environments Studies 

Table 9.2. Freshwater environments studies (Own elaboration). 

Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Eriksen et al., 

2013) 

Laurentian 

Great Lakes / 

USA 

Surface 

waters 

43,000 particles / 

km2  

Mostly pellets and 

fragments 
- 

Microplastics in 95% of the samples 

A maximum of 466,000 particles/km2 

found downstream two major cities. 

(Free et al., 

2014) 

Hovsgol Lake, 

/ remote place 

in Mongolia 

Surface 

waters 

20,264 particles / 

km2 

Mostly fragments and 

films 
- 

Microplastics were found in every 

sample. 

(Sruthy & 

Ramasamy, 

2016) 

Vembanad 

Lake / Kerala, 

India 

Sediments - - Mostly LDPE 
Microplastics were found in every 

sample. 

(K. Zhang et 

al., 2016) 

Remote lakes 

at the Tibet 

Plateau 

- 8 to 563 items/m2 - 

Mostly polyethylene and polypropylene, 

followed by polystyrene, polyethylene 

terephthalate, and polyvinyl chloride. 

Microplastics were detected in six out 

of seven sampling locations. 

(Horton, 

Svendsen, 

Williams, 

Spurgeon, & 

Lahive, 2016) 

River Thames 

/ UK 
Sediments 

18.5 to 33.2 

particles / 100 

grams of 

sediment. 

Mostly fibers - 

Microplastics were found in all 

sediment samples. 

Mostly between 1-4 mm. 

(Karlsson, 

2014) 

8 rivers from 

Amsterdam 

and Rotterdam 

Surface 

waters - 
34% Fibers 

- 
Fibers found in all sediment and 

surface samples. 
Sediments 51% Fibers 

(Su et al., 2016) 
Taihu Lake / 

China 

Surface 
3 to 26 items / 

liter 

Mostly fibers 

Most common microplastic materials were 

cellophane, polyethylene terephthalate, and 

polyester 

- Sediments 
11 to 235 items / 

kg 

Organisms 
1 to 62.5 items / 

5g in Asian clams 

(W. Wang, 

Ndungu, Li, & 

Wang, 2016) 

Wuhan / China 
Surface 

waters 
- Mostly fibers Mostly polyethylene terephthalate 

Anthropogenic factors greatly 

affected the abundance of 

microplastics in water. 

(Vianello et al., 

2013) 

Lagoon of 

Venice / Italy 
Sediments - 

87% Fragments 
Most fragments of polyethylene; most fibers 

of polypropylene and polyester 
- 11% Fibers 

2% Others 
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Reference Place 
Sample 

Site 

Results 

Concentration 

reported 
Type Characterization Remarks 

(E. K. Fischer, 

Paglialonga, 

Czech, & 

Tamminga, 

2016) 

Lake Bolsena 

and Lake 

Chiusi / 

Central Italy 

Surface 

waters and 

sediments 

- Mostly fibers - - 

(McCormick et 

al., 2014) 

River in 

Chicago / 

USA 

Surface - Mostly fibers and pellets - 

Concentrations of microplastics met 

or exceeded those measured in the 

ocean and in coasts after storms 

 Microplastics in Biota 

Table 9.3. Microplastics studies made in biota (Own elaboration). 

Reference Place Organisms 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Peters & 

Bratton, 

2016)(Eriksen 

et al., 2013) 

Brazos River 

Basin, in Texas 

/ USA, 

Sunfish 

(Lepornis 

macrochirus 

and Lepornis 

megalotis) 

- - 45% with microplastics presence. 

(Santana, 

Ascer, 

Custódio, 

Moreira, & 

Turra, 2016) 

São Paulo State 

/ Brazil 

Mussels 

(Perna 

perna) 

- - 75% with microplastics presence. 

(Boerger, 

Lattin, Moore, 

& Moore, 

2010) 

North Pacific 

Central Gyre 
Fish - Mostly fragments - 35% with microplastics presence. 

(Possatto, 

Barletta, Costa, 

Ivar do Sul, & 

Dantas, 2011). 

South Western 

Atlantic 

estuaries 

Catfish - Mostly fibers Mostly polyamide 

23% with microplastics presence. 

Fibers appeared to come from the 

fisheries activities. 
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Reference Place Organisms 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Eriksson & 

Burton, 2003; 

McMahon et 

al., 1999) 

Sub-Antarctic 

islands 

Hooker`s sea 

lions and fur 

seals 

- - 

Evidence of microplastics reaching 

the highest trophic levels of the 

marine food chain and to remote 

locations 

(Welden & 

Cowie, 2016) 
Clyde Sea Langoustines - Mostly fibers Mostly polypropylene and polyamide 67% with microplastics presence. 

(Lusher, 

McHugh, and 

Thompson 

2013). 

English 

Channel 
Fish - Mostly fibers 

Mostly rayon, followed by polyamide and 

polyester 
68% with microplastics presence. 

(Sanchez et al., 

2014) 
French rivers 

Wild 

gudgeon 

(Gobio 

gobio) 

- Mostly fibers - 12% with microplastics presence. 

(Bellas et al., 

2016). 

Spanish 

Atlantic and 

Mediterranean 

coasts 

Fish 
1.56 items / 

individual (size 

0.38 to 3.1 mm) 

Mostly fibers (71%) - 

17.5% with microplastics presence. 

Dogfish 15.3% with microplastics presence. 

Hakes 16.7% with microplastics presence. 

Red mullets 18.8% with microplastics presence. 

(Nadal et al., 

2016) 
Balearic Islands 

Fish (Boops 

boops) 
3.75 items / fish Mostly fibers - 68% with microplastics presence. 

(Taylor, 

Gwinnett, 

Robinson, & 

Woodall, 2016) 

Equatorial mid-

Atlantic and in 

the SW Indian 

Ocean 

Deep-sea 

organisms 
- Mostly fibers 

Mostly polypropylene, viscose, polyester, 

and acrylic. 
- 
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 Microplastics in Market Marine Products 

Table 9.4. Microplastics in market products (Own elaboration). 

Reference Place Organisms 

Results 

Concentration 

reported 
Type Characterization Remarks 

(Neves et al., 

2015)(Peters & 

Bratton, 2016) 

(Eriksen et al., 

2013) 

Portugal 

26 species of 

commercial 

fish 

Mostly fibers (66%) 
Mostly rayon, polyester, acrylic, polyamide, 

and polyethylene 
20% with microplastics presence. 

(Rochman, 

Tahir, et al., 

2015) 

Makassar / 

Indonesia 

13 species 

Mostly fragments (60%) 

- 

Anthropogenic debris was found in 

28% and 27% of individual fishes, 

and in 55% and 67% of all species, 

respectively for each country. 

These variations in debris types likely 

reflect different sources and waste 

management strategies between 

countries. 

California / 

USA 
Mostly fibers (80%) 

(Li, Yang, Li, 

Jabeen, & Shi, 

2015) 

China 9 bivalves 
4.3 to 57.2 items / 

individual 
Mostly fibers 

Mostly polyethylene, followed by 

polyethylene terephthalate and polyamide 
- 

(Mathalon & 

Hill, 2014) 
Canada 

Wild 

mussels 

106 to 126 items / 

individual 
Mostly fibers - - 

Farmed 

mussels 
178 items / individual 

(De Witte et al., 

2014) 
Belgium Mussels 

2.6 to 5.1 fibers / 10 

grams of mussel 
Mostly fibers - - 
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 Studies on Impacts on Marine Organisms 

 No Impacts 

a. By modeling the leaching of plastic additives (nonylphenol and bisphenol) to two marine 

organisms (intestinal tract of Arenicola marina and Gadus morhua), a study found that the 

chemical contribution by plastic ingestion may be negligible (Koelmans, Besseling, & 

Foekema, 2014). 

b. Under controlled conditions, a study reported that ingestion of microbeads (polyethylene) had 

limited impact on sea bass larvae (Dicentrarchus labrax) possibly due to their high potential 

of microbeads egestion throughout sea bass larval development (Mazurais et al., 2015). 

c. A recent study found that the hazardous chemicals biouptake in worms was lower by 76% 

when PCBs were associated with polypropylene compared to sediment. Authors support the 

conclusion that in most cases the chemical transfer from microplastic to aquatic organisms in 

the diet is likely a small contribution compared to other natural pathways of exposure since 

the vast majority of sediment and suspended particles are organic and inorganic natural 

materials. Nevertheless, they reported that the transfer of plastics with chemical additives 

could pose a great concern and further investigation is needed (Beckingham & Ghosh, 2017). 

 Impacts 

a. Endocrine system: It was found that the endocrine system function in aquatic animals might 

be altered when exposed to microplastics. The experiment was carried out with fish (Oryzias 

latipes), and polyethylene particles with and without a chemical load. In both cases, adverse 

responses were found (Rochman, Kurobe, Flores, & Teh, 2014).   

b. Feeding / Function / Fecundity: It was demonstrated that the ingestion of microplastics (PS) 

can alter the feeding capacity of pelagic copepods (Calanus helgolandicus) resulting in 

energetic deficiencies and reduced growth. Also, prolonged exposure to the microplastics 

resulted in copepods producing smaller eggs with reduced hatching success (M. Cole, 

Lindeque, Fileman, Halsband, & Galloway, 2015). 

c. Organisms’ assemblage structures: A study reported that repeated exposure to high 

concentrations of microplastics (80 µg/l) can decrease the abundances and biomasses of 

several key organisms in aquatic habitats. This study was made on European flat oysters 

(Ostrea edulis) and their associated benthic communities. Biodegradable (polylactic acid) and 

conventional (HDPE) plastics were used. Effects on the oysters were minimal but benthic 
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assemblage structures decreased. Although these concentrations are rare, the evidence that 

these key marine organisms’ assemblages may be altered when exposed to microplastics 

implies a big potential risk for the ecosystem (Green, 2016). 

d. Health and behavior responses / Biomass production: A study concluded that lugworms 

(Arenicola marina) exposed to conventional (PE, PVC) and biodegradable microplastics 

show negative health and behavior responses. The metabolic rate was accelerated, as greater 

O2 consumption of exposed lugworms was measured. The study also found that both 

microplastic types in sandy sediments can directly or indirectly reduce the primary 

productivity of microalgae biomass. The responses were stronger when tested with PVC 

(Green, Boots, Sigwart, Jiang, & Rocha, 2016). 

e. Microalgae growth: Negatively growing effects in microalgae exposed to high 

concentrations of small polystyrene particles were reported (Sjollema et al., 2016). 

f. Microalgae growth: An investigation of the microplastic toxic effects (PVC) on marine 

microalgae (Skeletonema costatum) was made. They found “obvious” effects on the algal 

growth and in its photosynthetic process when exposed to small microplastics (1 µm), but no 

effects were distinguished when exposed to bigger microplastics (1 mm). Possible 

explanations were adsorption and aggregation processes taking place more easily than when 

small microplastics were present (C. Zhang et al., 2017). 

g. Intestinal alterations: It was found that European sea bass (Dicentrarchus labrax) exposed 

to native and polluted PVC pellets suffered intestinal alterations. The worst condition was 

found under polluted PVC environments. Therefore, as microplastics may adsorb POPs in the 

marine environment, the potential damage could be much worse. They underline the need to 

assess the impact of increasing microplastics pollution on the marine trophic web (Pedà et al., 

2016). (5mm). 

h. Hepatic stress / Transference of hazardous chemicals / Bioaccumulation / Early tumor 

formation: Fish were exposed to a mixture of microplastic (PE) with chemical pollutants 

sorbed from the marine environment. It was found that fish bioaccumulated these pollutants 

and suffered liver toxicity and pathology. Moreover, fish presented tumor formations. They 

also were exposed to virgin polyethylene fragments and fish still showed signs of stress 

(Rochman, Hoh, Kurobe, et al., 2013). 

i. Fish toxicity: Virgin microplastics (LDPE) may not only cause toxicity on fish, but also 

modulate the impacts of the most common PAH environmental pollutant: the phenanthrene. 

The study was made onto African catfish (Clarias gariepinus). Effects were observed in the 

liver, the brain, the plasma albumin and the gills (Karami et al., 2016). 
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j. Hazardous chemicals associated with the ingestion of microplastics: This study exposed 

lugworms (Arenicola marina) to sand with a 5% of microplastics presorbed with pollutants 

(nonylphenol and phenanthrene) and additive chemicals (Triclosan and PBDE-47). 

Microplastics transferred pollutants and additive chemicals into the gut tissues of lugworms 

causing some biological effects. They reported that large concentrations of microplastic and 

additives can harm ecophysiological functions performed by organisms (Mark Anthony 

Browne, Niven, Galloway, Rowland, & Thompson, 2013). 

k. Hazardous chemicals associated with the ingestion of microplastics: Presence of harmful 

chemicals (phthalates) were found in the second-largest filter feeder in the world (the 

Mediterranean fin whale). These chemicals were potentially associated with the intake of 

plastic from water filtering and plankton ingestion. Therefore, the study suggested using 

phthalates presence as a tracer of the intake of microplastics (Fossi et al., 2012). 

l. Hazardous chemicals associated with the ingestion of microplastics: Confirming the 

previous study, plastic additives (phthalates) were found in Mediterranean basking sharks. 

The study reported higher concentration of phthalates in the muscle of these basking sharks 

in comparison with the previous study on whales (Fossi et al., 2014). 

m. Transfer of chemicals from microplastic to organisms: Experimental evidence 

demonstrated that POPs can be transferred from plastic to organisms upon ingestion (Mark 

Anthony Browne, Niven, et al., 2013; Rochman, Hoh, Kurobe, et al., 2013). Other studies 

found that hazardous chemicals concentrations rose in lugworms and seabirds exposed to 

contaminated plastic particles (Desforges et al., 2014; Teuten et al., 2007). 

n. Microplastic modulates the impacts on organisms: It has also been found that 

microplastics modulated (interacted with) the impact of a hazardous chemical (phenanthrene) 

on different organs of a fish (Karami et al., 2016).  

o. Translocation to the circulatory system: The first study to demonstrate that microplastics 

(PS) may translocate was made onto exposed mussels (Mytilus edulis). It was found that 

microplastics translocated from the gut cavity to the circulatory system. This process took 

place within 3 days and the microplastics persisted in the circulatory system for 48 days. The 

short-term exposure used was not sufficient to prove any significant effects,  (Mark A. 

Browne et al., 2008). 

p. Translocation to different organs / Retention: This study proved that microplastics (PS) 

are translocated to the hepatopancreas and that these pollutants accumulate in the gills, 

stomach, and hepatopancreas of fiddler crabs (Uca rapax) (Brennecke et al., 2015). 
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q. Translocation to the hemolymph and tissues of crabs: Crabs (Carcinus maenas) were fed 

with mussels (Mytilus edulis) exposed to microplastics (PS). They demonstrated that trophic 

transfer occurs. The study also reported that after a while the microplastics translocated to the 

hemolymph and tissues of the crabs (Farrell & Nelson, 2013). 

r. Microplastic intake through inspiration / Retention:  This study evaluated if the common 

marine non-filter feeding shore crab (Carcinus maenas) could take up microplastics (PS) by 

inspiration. It was concluded that inspiration acts as a route for the uptake of microplastics 

into marine species. Moreover, particles were retained within the body tissues of the crabs for 

up to 14 days when ingested and up to 21 days when inspired across the gills (Watts et al., 

2014).  

 Specific Microfibers Impacts Studies   

Even though the impacts of microfibers have been less tested, it should be noticed that many of 

the impacts exposed before are a physical consequence of the microplastics, i.e. because of the 

size or the shape. Therefore, the literature generalizes the impacts to all microplastics, including 

those of the fiber type. 

As said before, it seems that fibers are the most prominent microplastic type in the benthic zone 

of the ocean (Woodall et al., 2014). Moreover, microfibers have been reported in the guts of 

marine organisms by a wide number of studies. However, their effects once ingested are still 

poorly unknown (Watts et al., 2015; Wright et al., 2013). Hence, some studies suggest that 

experimental designs using fibers are needed to determine the potential long-term impact of 

microplastics on both shallow and deep marine organisms (Taylor et al., 2016). Down below some 

studies that have reported specifically fiber impacts are presented:  

a. Increased mortality rate and no ability to bio-recover: Polyethylene terephthalate (PET) 

textile microfibers were used to feed freshwater zooplankton crustaceans (Daphnia magna). 

After 48 h of exposure Daphnis showed an increased mortality if they weren’t pre-fed with 

algae, i.e., it didn’t depend on the microplastic dose. Moreover, the ability to recover from 

microplastics was halted if the incubation period was prolonged by 24 h, regardless the 

feeding regimen  (Jemec et al., 2016).  

b. Immobilization: Almost the previous study was developed but increasing the microplastic 

exposition period to 96 h. It was found that the ingestion led to Daphnis immobilization which 

increased with dose and time, demonstrating that microplastic particles at high concentrations 

can induce adverse effects in zooplankton (Rehse et al., 2016). 
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c. Reduced food consumption and growing alterations: Polypropylene microfibers were used 

to feed crabs (Carcinus maenas). Reduced food consumption and a significant reduction in 

the energy available for growth were measured. These pollutants were physically altered by 

their passage through the foregut and were excreted with a smaller overall size, providing 

evidence of biotransformation and retention (Watts et al., 2015). 

d. Fiber preference: There is evidence that some organisms selectively ingest plastic particles, 

showing a preference for fibrous shapes (Wright et al., 2013). 

e. Chemical leachate from textiles: A study tested chemical release from different textiles 

(cotton, linen, cellulose, wool and synthetic fibers). The authors didn’t detect any difference 

between fiber type and toxicity, but a significantly higher toxicity was found for printed 

versus unprinted natural fibers, while the opposite was found for synthetic textiles. They 

suggested that bioassays and toxicity tests should become an integrated part of textile 

environmental quality control programs (Dave & Aspegren, 2010). 

f. Tangled fibers and obstruction: Observations of field specimens showed that fibers can get 

tangled and create agglomerates in the gut of copepods, preventing egestion, locking organs 

by obstruction and therefore hindering or preventing food ingestion (Murray & Cowie, 2011). 


