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ABSTRACT 

Microplastics, in which microfibers are included, have recently emerged as an environmental issue. 

Polymeric fibres of small dimensions come from the use of synthetic fabrics, widely used worldwide. 

These fibres are released during the washing of the textiles and are introduced in the environment via 

the wastewater. Using the same program, temperature and RPM, washing of textiles in a domestic 

environment was simulated in order to estimate the contribution of domestic effluents to the emission 

of polymer microfibers to the receptor media. The mass and number of fibres was determined, and the 

removal efficiency was estimated at a waste water treatment plant, based on literature data. MOHID 

Water, a hydrodynamic and biogeochemical model, was used to model the emission of microfibers from 

Beirolas WWTP in Lisbon, and the behaviour of said particles in the Tagus estuary. 
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1 INTRODUCTION 

In the second half of the twentieth century, 

plastics production grew exponentially, existing 

today a wide variety of plastics, with multiple 

features that make it attractive to a multitude of 

sectors. However, these same characteristics 

make plastic an environmental concern, given 

the great durability of the material in question 

(Cole et al. 2011). The study of environmental 

issues has tended to focus on larger plastics. 

More recently, there has been a trend towards 

the study of smaller particles, called 

microplastics, and their classification as 

pollutants. This denomination includes plastic 

fragments, granules and fibres with dimensions 

smaller than 5 mm (Browne et al. 2007). 

As for microplastics, they can be classified into 

two groups, primary and secondary, depending 

on whether they are intentionally produced in 

small dimensions or if they come from the 

degradation of larger plastics (Wright et al. 

2013). 

Microplastics were detected in freshwater and 

saltwater environments (Alison et al. 2015; Dris 

et al. 2015), with their concentration being 

correlated with population density, land use and 

the level of wastewater treatment (Jambeck et 

al. 2015). 

The relevance of the study of the presence and 

origins of microplastics in aquatic environments 

is due to the evidence of the introduction of 

these residues into the trophic network by direct 
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ingestion or bioamplification, with harmful 

consequences for organisms. The distribution, 

although heterogeneous, is global (Duis and 

Coors 2016). The transport potential of 

pollutants adsorbed onto plastic particles 

should also be considered (Teuten et al. 2007). 

Wastewater treatment plants (WWTPs) are 

transport routes of small polymers into the 

environment (Carr et al. 2016). In domestic 

wastewater, polyethylene, polypropylene and 

polystyrene particles of primary origin prevail 

over other types of plastic and come from 

personal care products, cosmetics and 

cleaning agents. Fibres that result from the 

degradation of synthetic textile fabrics, such as 

polyester, acrylic and polyamide, during 

mechanical washing are the most common 

secondary-origin microplastics. (Browne et al. 

2011). 

Most of the microfibres are removed during the 

primary treatment, in the primary settling and 

mechanical treatment. The smaller the fibres 

are, the less efficient is the treatment. The 

contribution of secondary treatment is not very 

significant (HELCOM 2014; Talvitie et al. 2015). 

Although the removal efficiencies in WWTPs 

are high (65 to 99.9%), given the large volumes 

of treated wastewater, the amount of synthetic 

fibres arriving at the receiving media is 

troubling. Even if the removal were complete, 

there would be a risk of microfibres reaching the 

environment via biological sludge from 

WWTPs, which often have commercial or 

processing value (Bruce et al. 2017). Natural 

fibres tend to be more efficiently removed than 

synthetic ones (Magnusson and Norén 2014). 

Although the existence of polymeric microfibres 

is known, the quantity and physical 

characteristics of those that are emitted by 

domestic textile washing are not yet fully 

defined. It is necessary to understand how the 

mixing of fibres (natural and synthetic) and the 

washing conditions (temperature, detergents 

and colour) influence the size and quantity of 

fibres released in a wash under typical 

household conditions. (Browne et al. 2011; 

Hartline et al. 2016; Napper and Thompson 

2016; Pirc et al. 2016). 

2 MATERIALS AND METHODS 

In this study, washing trials were conducted in 

a domestic environment. The clothing pieces 

were used in sets of common clothes, with 

different types of uses, compositions and 

colours. This method was chosen to simulate 

the habits of ordinary citizens and to estimate 

the emission of small plastic particles during the 

care of clothing. The pieces studied have 

various compositions, either natural fibres such 

as cotton, or synthetic fibres of the polyester, 

polyamide and acrylic type, and even the 

mixture of both. 

The pieces of clothing were washed in sets. 

The machine used is a BOSCH, model 

WAQ2448XEE/10. The machine was 

programmed for the "Cotton" program, the 

temperature 30 ºC, and 1000 revolutions per 

minute. The washing time is calculated by the 

washing machine, depending on the weight of 

the load. The water used was provided by the 

public supply network SIMAR Loures | 

Odivelas. 

The textile pieces were separated according to 

their colour in two groups, “lights" and "darks". 

The set to be used in each wash cycle was 

selected and the weight of each piece, colour 

and composition of the fabric were recorded. 

The set was introduced into the textile washing 
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machine. The wastewater pipe was 

disconnected from the household drainage 

system and connected to a polyethylene 

container with a volume of 120 L. This container 

was used to collect all the washing water 

discharged by the washing machine. The 

estimated volume of wastewater for the 

program in question is 68 L (Bosch 2013). The 

wastewater collected, after completion of the 

wash cycle, was stirred, and 5 to 7 L was 

withdrawn into a PET container. Since the 

containers are also made of a type of plastic, 

before each collection they were washed with 

water from the supply network. 

In the laboratory, a defined volume of each 

sample was vaccum filtered using a 12 µm 

mesh glass microfibre filter (ref 

WHA10400012). After filtration each filter was 

dried at a temperature of 105 °C and observed 

under a stereoscope (Leica S9i) to count the 

number of retained microplastics. 

For each sample, the concentration of total and 

volatile suspended solids was also determined 

according to (Standard Methods 1995). Figure 

1 shows a schematic representation of the 

procedure used. 

 
Figure 1 – Laboratory procedures 

From the estimation of fibre concentration per 

wash, the concentration of the fibres to be 

discharged in the Tagus estuary was estimated, 

considering the wastewater flow and the ratio 

between industrial and domestic flows (Table 

1). 

As this study focuses in the domestic domain, 

the industrial flow (20% of total flow) was not 

considered as a vector as transportation of 

microfibres. Due to the uncertainty regarding 

the efficiency of removal of microplastics or 

microfibres in the Beirolas WWTP, three 

scenarios were created based on removal 

efficiencies referenced in the literature. In order 

not to compromise the calculation time, the 

number of particles was reduced, maintaining 

the ratio between each scenario, without losing 

statistical significance the estimated 

concentrations at the exit of the WWTP were 

introduced in the lagrangian model, as an 

emission of punctual origin and continuous in 

the chosen time. 19 days were considered, 

between June 2 and 22, 2018, as well as a time 

step of 1 hour. The lagrangian model was 

applied to the results of a hydrodynamic model 

obtained previously to this study. 

 

3 RESULTS 

In terms of TSS, the values range from 68.8 mg 

/ L (L1) to 332.5 mg / L (L10). Regarding VSS, 

the values range from 52.5 mg / L (L1) to 247.4 

mg / L (L10). 

The quantification of the fibres allowed the 

computation of indicators which could serve as 

a reference for comparative studies. For that, a 

weekly average of five washes was considered, 

and a household of four people, considering a 

monthly consumption of 30 m3 of water 

supplied through the public network. The 

results obtained are presented in Table 1. 

After the identification of fibres in each filter and 

washing, the analysis was carried comparing 

colour, size and nature between the sets of 

textile pieces used in each washing and the 

fibres observed in the filters. 
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Figures 2 to Figure 4 show the initial and final 

colour, type and colour distributions for the ten 

washes.  

Table 1 – Quantification of fibres 
 

Fibres 

per 

quadrant 

Fibres 

per 

wash 

Fibres / L 

domestic 

wastewater 

Fibres 

/ kg 

textiles 

L1 498 6.8E+6 5E+3 4E+6 

L2 1 360 18.5E+6 14E+3 5E+6 

L3 572 7.8E+6 6E+3 3E+6 

L4 566 7.7E+6 6E+3 2E+6 

L5 470 6.4E+6 5E+3 2E+6 

L6 643 8.7E+6 6E+3 2E+6 

L7 1 330 18.1E+6 13E+3 5E+6 

L8 401 5.5E+6 4E+3 1E+6 

L9 4 961 67.5E+6 50E+3 23E+6 

L10 4 068 55.3E+6 41E+3 10E+6 

Average 1 487 20.2E+6 15E+3 6E+6 

Comparing the two distributions, there are 

some discrepancies. In the first wash (L1), only 

white fibres were expected, although at least 

80% of the fibres from other colours were 

obtained. 86 white fibres were identified against 

412 fibres of other colours. This difference may 

possibly be due to the fact that there is a high 

degree of contamination from other textiles, 

because the only piece washed was a duvet, or 

the textile itself is composed of fibres of other 

colours in addition to white. In the L2 wash, the 

variation is in the green and grey colours, which 

decreased, and black, which doubled, 

corresponding to 1152 fibres. In the L3 wash, 

the colours blue (258 fibres) and brown (46 

fibres) increased while white (49 fibres), yellow 

(5 fibres) and grey (0 fibres) decreased. In the 

L4 wash, black increased with 183 fibres, with 

the remaining ones diminishing, except for the 

purple fibres, with the appearance of 14 fibres. 

In the L5 wash, blue doubled, while the white 

almost disappeared, with only 36 fibres 

recovered. In the L6 wash were found 117 blue 

fibres, which did not originally exist, whereas 

white (45 fibres) and yellow (36 fibres) 

decreased. Fibres of unidentified colours were 

also recovered, according to the hypotheses 

explained below. In the L7 wash, the greatest 

variation was related to the black fibres, which 

were recovered less than expected (150 fibres), 

contrarily to pink colour (440 fibres). The major 

differences in the L8 wash were observed with 

the recovery of 50 black fibres, previously 

unidentified, the significant increase of blue, 

with 168 fibres and the great reduction of the 

white, with 43 fibres recovered. As for the 

washes L9 and L10, the white fibres varied 

negatively to the detriment of the blue fibres, in 

L9, and both blue and black in L10. From L9 

wash, were recovered 1578 white fibres and 

3378 blue fibres. The L10 wash corresponds to 

53 white fibres, 2065 black fibres and 1918 grey 

fibres. On average, more fibres than expected 

of dark colours such as blue, black and grey 

were recovered, while for lighter ones, the 

opposite happened.  Figure 3 shows the initial 

and final distributions of the type of the textiles 

used. The initial distribution of nature was 

obtained according to the composition 

described in the labels of each piece and 

transformed in percentage as a function of the 

mass of each one. The final distribution was 

obtained by the classification of each fibre 

identified in the filters according to their 

appearance. Variations were obtained between 

0% (L9) and 25% (L3). On average, more than 

the initial natural fibres were identified, when 

comparing with the inicial loads.  

According to Figure 4, in all washes, fibres 

belonging to the 50 to 100 µm range 

predominate, ranging from 55% (L3) to 93% 

(L10). The fibres in the intermediate range are 

the second most common, ranging from 5% 

(L10) to 41% (L3). Finally, the largest fibres are 
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the least represented, corresponding to 1% 

(L10) and 6% (L5). A tendency for natural fibres 

to be smaller is also observed, with 85% of the 

total fibres of natural origin being in the range 

of 50 to 100 μm. 12% are in the range of 100 to 

500 μm, while only  3% are larger than 500 μm. 

As for synthetic fibres, 53% correspond to the 

smaller size range, 40% are between 100 and 

500 μm and the remaining 7% are composed of 

fibres with a length greater than 500 μm.  

In Table 2, the estimated emission of particles 

from Beirolas WWTP is shown, considering 

different efficiencies.  

Table 2 – Estimated emission of particles 
from Beirolas WWTP   

Median 
(fibres/h) 

Removal 
Efficiency 

98.40% (Murphy et al. 
2016) 

43.4E+6 

99.90% (Carr et al. 
2016) 

27.1E+6 

99.96% (Magnusson et 
al. 2016) 

1.1E+6 

 

Figure 5 shows that the larger the number of 

particles emitted, the greater the density of the 

particles in the Tagus estuary. Scenarios C1, 

C2 and C3 correspond to flow rates of 110, 300 

and 440 particles / h. Scenario C3 presents a 

dense spot in relation to scenarios C1 and C2. 

For each of the three scenarios, It is believed 

that along the days, the amount of particles 

represented increases, with one part being 

tendentially retained in the bays, while another 

part is exported to the Atlantic Ocean. There is 

also a portion that remains inside the estuary. 

It is verified that the particles also depend on 

the tide, which influences their distribution. An 

instant of velocity (intensity and direction) 

corresponding to a period of flood, retains the 

particles inside the estuary. Contrarily, a period 

of low tide, corresponds to an export period.

  
Figure 2– Colour distribution before and after washing 

  
Figure 3 – Type distribution before and after washing 
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Figure 4 – Dimension distribution after washing 

 

 
Scenario C1, day 5, 12h 

 
Scenario C2, day 5, 12h 

 
Scenario C3, day 5, 12h 

 
Scenario C1, day 10, 12h 

 
Scenario C2, day 10, 12h 

 
Scenario C3, day 10, 12h 

 
Scenario C1, day 15, 12h 

 
Scenario C2, day 15, 12h 

 
Scenario C3, day 15, 12h 

Figure 1 – Comparison between the three Scenarios (C1, C2, C3) at 5th, 10th e 15th day of 
simulation (days 6-06-2018, 11-06-2018 e 16-06-2018, respectively) 

In order to understand the potential of particle 

accumulation in certain areas of the Tagus 

estuary, previously created box type files were 

used, which delimit a region of the model. Three 
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the estuary (box 2), one to represent a bay zone 

(box 7) and another to represent the export 

zone (box 9). Figure 5 shows the amount of 

particles that are located inside each box, for 

each of the three scenarios, C1, C2 and C3. 

There are small oscillations with a period of 

approximately 6 hours, related to the tide, 

represented at the top of the figure. In boxes 2 

and 7, the maximums correspond to the high 

tide, and, therefore, the highest concentration 

of particles in the innermost part of the estuary, 

and at the minimum, corresponds to low tide, 

and, consequently, the inverse phenomenon. 

As for box 9, the maximums correspond to low 

tide and lows to high tide. This phenomenon is 

due to the transport of the particles in the 

interior of the estuary downstream as a function 

of the tide, being a phenomenon opposite to 

that described for box 2. In box 2, between days 

1 and 10 of simulation, 2nd and 11th of June, 

there is an increasing number of particles in the 

three scenarios. This is due the simulation 

starting from a pristine state, in which there are 

no particles, and that does not correspond to 

reality. From this period, there is a small 

decrease, followed by stabilization, by reaching 

a constant concentration of particles, in which 

the introduced particles are distributed 

throughout the remaining regions of the 

estuary. In boxes 7 and 9 the increasing phase 

starts later, at the second and fifth days, 

respectively, due to the distance to the origin. In 

turn, constant concentration is reached the 

same number of days later, at the twelfth and 

fifteenth day, respectively. At the beginning of 

this period, the increase in the number of 

particles in boxes 7 and 9 is accounted for. This 

increase agrees with the decrease identified in 

box 2, and results from the arrival of the 

particles distributed therefrom. 

 

Figure 2 – Number of particles in each box 
and scenario 

4 DISCUSSION 

The values of TSS and VSS in the literature 

range between 120 and 195 mg / L. and 108 

and 155 mg / L. (Almeida, Butler, and Friedler 

1999), respectively. The differences are 

probably due to the variability of the test 

conditions (detergents, washing time, quantity 

and type of textiles, among others). 

The quantification of fibres allowed an 

estimation of the emission of microfibres per 

wash due to domestic textile washing. There 

were obtained between 6.75 × 107 fibres (L9) 

and 5.45 × 106 fibres (L8) per wash. These 

values are much higher than 7x105 fibres per 

wash for a load of 6 kg (Napper and Thompson 

2016). Other studies suggest the emission of 

1900 (Browne et al. 2011) to 250 × 103 fibres / 

piece (Bruce et al. 2017) in each wash. Four 

washes, L1, L2, L9 and L10 take values off the 

order of magnitude described in the literature. 

This discrepancy, similar to that described for 

 

 

 
 

Figura 4.1 – Número de partículas em cada box e em cada cenário 
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the case of the concentration in SST and SSV, 

is probably due to the difference between the 

characteristics of this study, and the other 

references. Taking into account the water 

consumption of the public network in this case 

study, emissions in the order of 15,000 fibres / 

L of domestic wastewater were estimated. Even 

with a removal efficiency in the range of 98.4% 

(Murphy et al. 2016) at 99.96% (Magnusson 

and Norén 2014), there is still a significant 

amount of fibres arriving at the receiving 

medium, being in agreement with studies that 

indicate that WWTPs are entry routes of small 

plastic pollutants into the receptor media 

(Talvitie et al. 2015, 2017). 

Colour is one of the characteristics of the fibres 

analysed, in which there were very different 

variations. Possibly, this phenomenon is due to 

four hypotheses. Each piece was registered as 

a single colour, the most obvious one, whether 

it was plain or had some pattern. Alternatively, 

it is possible that even single-colour pieces are 

the result of a mixture of fibres of various 

colours. Thus, it is possible that fibres with 

colours not initially recorded and corresponding 

to a part identified with another colour, are 

present. The third hypothesis is that the light 

from the stereoscope may lead to a 

misidentification of the colour. Finally, the fourth 

hypothesis lies in the possibility that the fibres, 

by the mechanical action of the washing, lose 

their original colour. 

The type of textile also indicates some 

discrepancies between the initial lots and the 

recovered fibres. Among the distributions there 

are differences, ranging from 0% (L9) to 25%. 

This variability is verified by two hypotheses. 

Firstly, it is not clear what is the relationship 

between the defibration of textiles of synthetic 

origin or natural origin. The ratio between each 

one is not studied, and if they are not similar, it 

results in different final and initial 

natural/synthetic ratios. Alternatively, as the 

final distribution results from a classification 

based on visual inspection, only chemical 

analysis would accurately identify the nature of 

each fibre. (Khandual and Luximon 2014) 

The size of the recovered fibres is the only 

parameter of the three that cannot be compared 

with the initial sets characteristics. However, it 

has been found that fibres of natural origin tend 

to be smaller than fibres of synthetic origin, 

possibly due to the strength of the material. 

That is, fibres of natural origin are less resistant 

than the plastic fibres, therefore, may easily 

disintegrate into smaller fragments, or, due to 

mechanical washing, may also degrade into 

smaller fibres. 

Modelling of the emission of particles indicates 

that there is accumulation in the receiving water 

body, and that the efficiency of its removal in the 

WWTP conditions the quantity introduced. Bay 

areas are sensitive to accumulation due to 

hydrodynamic characteristics (low speeds). On 

the other hand, the canal zone acts as an area 

for the export of particles outside the estuary, 

justified by the high speeds in such areas. 

Other studies should be conducted, in order to 

validate the results obtained in this work. It is 

necessary to understand the influence of the 

washing machine used, the fabrics washed, the 

detergents used and the defined wash settings 

(temperature, RPM and washing time). For 

similar future studies, the recovered fibre mass 

can also be weighted as well as compute the 

mass variation that the washes inflict on the 

textiles. Since the distinction between the 
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synthetic or natural nature of the fibres was 

made visually, it will be interesting to check the 

reliability of such analysis, using FTIR-type 

chemical analysis, as an example. 
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