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Abstract
Microfibers, as emerging contaminants, pose a growing threat to the global environment. Microfiber pollution has been one 
of the hot research topics in environmental science. However, there is no consensus on microfiber definition from ecological 
and environmental perspectives. The underestimated sources, the distribution in the ocean and the atmosphere, the transport 
pathway, the potential human exposure, and mitigation strategies of microfibers from a global perspective have not been 
systemically discussed. So, we aim to discuss and analyze these concerns in this review. Firstly, the definition of microfiber 
pollutants from the ecological and environmental perspectives is proposed. Secondly, the largest source and some emerging 
sources of microfibers on the Earth have been explored. Thirdly, the distribution and transmission path of microfibers in the 
ocean and the atmosphere are discussed. Fourthly, the exposure path of microfibers to the human body is analyzed. Lastly, 
some applicable measures to control microfiber pollution are proposed from global environmental sustainable development 
perspectives.

Keywords Microfiber pollution · Potential sources · Textiles and apparel · Domestic washing · Fiber loss · Mitigation 
strategy

Introduction

Since the first thread of wild flax fibers was used to create 
strings about 30,000 years ago, the demand for fibers has 
driven and enriched human civilization as time moves on 
(Dyer 2021; Kvavadze et al. 2009). In 2020, the total volume 
of global fiber production accounted for 120 million tonnes 
or almost 16 kg per capita on average for consumption 
(Engelhardt 2020). Synthetic fibers amounted to 74 million 
tonnes, accounting for 61.77% of the total global fibre pro-
duction, with an annual growth of up to 5% (Liu et al. 2021). 
However, the production and consumption of textiles and 
apparel for decades also resulted in multiple environmen-
tal problems, including the discharge of industrial wastes, 
including toxic chemicals, wastewater, greenhouse gases as 
well as microfibre pollutants (Muthu 2017).

Microfiber has been strictly defined as a staple fiber 
or a filament with a linear density ranging from 0.3 dtex 
to 1 dtex (Song 2011), where 1 dtex means one gram per 
10000 m. The diameter of microfiber is usually less than 
10 μm, and the lengthto-diameter ratio is on the order of 
 103 (Liu et al. 2019c). Polyester (PET) and polyamide (PA 
or Nylon) are the two main types of microfiber widely used 
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as raw materials in the textile and apparel industry. Although 
acrylic, viscose, and polypropylene (PP) are also widely pro-
duced and applied in the textiles and apparel industry, they 
only account for a proportion of no more than five percent 
(Acharya et al. 2021). Microfibers have excellent properties 
contributing to human comfort. Clothes made of microfib-
ers are usually strong and durable, lightweight, resist wrin-
kling and pilling, and have luxurious and various colors 
(Song 2011). As an emerging contaminant, microfiber has 
been gradually raising concerns because of the systematic 
research and mitigation measures for microplastic pollution 
(Rathinamoorthy and Balasaraswathi 2021). Microfiber is 
also called microplastic fiber, synthetic fiber, or even chemi-
cal fiber with a length of less than 5 mm when referred to as 
an environmental pollutant.

Microplastic fibers or plastic microfibers are a prevalent 
type of microplastics, where their potential ecological and 
toxicological impacts have been systematically discussed (Il 
Kwak et al. 2022; Woods et al. 2018). However, there is still 
no clear consensus on a definition that is extensive enough to 
encompass all necessary parameters to describe microfiber 
when studied as a global environmental pollutant, although 
microfiber only refers to synthetic fiber in the textile 
industry. Natural and regenerated cellulosic fibers have 
dominated microfibers in the atmosphere and freshwater 
(Finnegan et al. 2022; Stanton et al. 2019). So, we need 
to redefine microfiber from ecological and environmental 
science perspectives. In addition, microfibers are always 
subcategorized as microplastics and called microplastic 
fibers or fibrous microplastics despite their differences in 
shape, size, production mechanism, spatial distribution, 
transport pathway, and human effect. An extensive and 
critical review of the sources of microfiber, especially the 
textile and clothes chain, and some new emerging sources, 
such as clothes dryers, face masks, wet wipes, and cigarette 
butts, are not symmetrically performed. The review of the 
potential human exposures, including textile mill workers 
and infants, is limited. Furthermore, very few potential 
strategies have been widely adopted to control and mitigate 
microfiber release from textiles during the production, usage, 
caring, and disposal stages (Ramasamy and Subramanian 
2021).

We propose a general definition of microfiber as an 
environmental pollutant and review the potential sources and 
distribution of microfibers in the ocean and the atmosphere, 
human exposure to microfibers, and applicable measures to 
mitigate microfiber pollution globally. Firstly, the definition of 
microfiber pollutants from the ecological and environmental 
perspectives is proposed. Secondly, the loss rate of fibers in 
spinning, weaving, finishing, and garment processing, some 
essential and indispensable processes of the cotton textile 
industry, is used as an index to analyze and clarify that the 
largest source of microfibers should be the textile and garment 

processing industry chain, not home laundering. Thirdly, we 
point out that the longer-range or global transport of microfiber 
through the atmosphere is another important transmission 
path that is not limited to rivers. The specific characteristics 
of microfibers, such as small fineness, low density, large 
surface area, and natural or artificial curling shape, make 
them more susceptible to airborne transport. Fourthly, we 
propose that the harmful path of microfibers to the human 
body is not only through the food chain but also through 
inhalation of respiratory diseases. Lastly, some applicable 
measures to control microfiber pollution, combined with the 
United Nations Environment and Development Programme 
UNEA 5.2 resolution and the United Nations Sustainable 
Development Goals (SDGs) are proposed from the perspective 
of global environmental sustainable development.

Definition of Microfiber Pollutant

The term ‘microfiber’ in the textile industry is usually 
confused with the term ‘microplastic fiber’ in the area of 
microplastic pollution (Xu et al. 2021). The concept of 
microfiber was initially proposed by the Japanese fiber 
manufacturing company, Toray, to represent micro-denier 
products during the 1970s, followed by mass production 
in Europe and America during the 1980s and 1990s (Song 
2011). In textile engineering, microfibers are formally 
defined as staple fibers or filaments of linear density with 
no more than one denier and above 0.3 deniers (Liu et al. 
2019b). Denier (abbreviated D), a unit to describe the linear 
mass density of fibers, is the mass of grams per 9000 m 
of the fiber. The natural reference of a denier is a 9000-m 
strand of silk that weighs about one gram (Amutha 2016). 
The definition of microfiber in textile engineering is a clear 
consensus that has been widely accepted from a professional 
textile engineering point of view. However, there is still no 
clear consensus on a definition that is extensive enough to 
encompass all necessary parameters to describe microfiber 
when studied as a global environmental pollutant with a 
ubiquitous distribution. In 2019, we proposed a general and 
extensive definition of microfiber pollutants as “Microfibers 
are any natural or artificial fibrous materials of threadlike 
structure with a diameter less than 50 μm, length ranging 
from 1 μm to 5 mm, and length to diameter ratio greater 
than 100” (Liu et al. 2019c). Since microfiber is one type 
of emerging pollutants and their related research is at the 
beginning, the definition of microfiber is a methodological 
challenge and an on-going debate, although we all attempt 
to reach a consensus on a definition for microfiber from the 
ecological and environmental perspectives.
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Review Methods

A mini literature review was conducted on microfiber pol-
lution in the earth system from 1995 (the earliest research 
about the effect of cotton dust pollution on textile worker 
health) through October 2022. The literature search included 
title search and abstract search using Web of Science, and 
title searches and keyword search using SCOPUS with the 
given terms as: “microfiber pollution”; “microplastic fiber” 
OR “microplastic fibre”; “ microplastic textiles”; “ micro-
plastic” AND “synthetic fibers” OR “textile fibers”; “plastic 
microfibers”; “microplastic” AND “natural fiber” or “natural 
fibre”; “ textile pollution”. For all 4017 retrieved references, 
the title was identified first before abstract and keyword 
screening to exclude those deemed irrelevant articles. After 
the abstract screening, eligibility assessment, and relevant 
analysis, 194 related articles are selected and included in 
this review. The review framework is demonstrated in Fig. 1.

Potential Sources of Microfiber Pollution

Domestic Washing was Initially Identified 
as the Primary Source

Initially, microfibers were more likely described as 
synthetic fibers shed from clothing during laundry (Napper 
and Thompson 2016). It was reported that approximately 
700,000 microfibers (about 0.5  g in weight) could be 
discharged with laundry sewage every cycle the washing 
machine drum rotates (Karkkainen and Sillanpaa 2021; 
Napper and Thompson 2016). So, domestic and commercial 
washing was primarily identified as a leading potential 
source of microfibers (Cai et al. 2020a). As many as 700,000 

can be released into the wastewater each cycle, weighing 
approximately 0.5 g in total. Globally, it is estimated that 
500,000 tonnes of microfibers are released into the ocean 
because of domestic washing annually (Boucher and Friot 
2017). Textiles contribute about 14% of plastic waste 
production by sector, the second source of plastic pollution 
following packaging (Smith and Vignieri 2021). Therefore, 
domestic washing was regarded as a leading potential source 
of microfibers at the beginning (Cai et al. 2020a).

Fiber Losses in the Textiles and Apparel Industry 
have been Underestimated

The fiber losses in the production process of the textile and 
apparel industry are inevitable but usually ignored and rarely 
reported, which may lead to the relevant research underes-
timating the emission capacity of this part of microfibres 
towards the environment. From raw materials to the end-
product, fiber losses occur at each step of the textile pro-
duction processes, including spinning, weaving, dyeing, 
finishing, cutting, trimming, and sewing, especially through 
the wet-processing dyeing and finishing mills (Chan et al. 
2021). For example, in different manufacturing processes, 
cotton fiber loss rates for different end-products are listed in 
Table 1, released by Better Cotton Initiative (2022) through 
member survey responses in 2020 (Initiative 2020). 6% to 
43% of fibers were lost during each process (Table 1). If the 
fiber loss rate is simply set at 30% from fiber to end-product, 
about 70,000,000 tonnes of cotton were globally wasted in 
2020 (James Johnson, 2021). Assuming that the microfiber 
loss rate is 1% from fiber to end-production during the home 
textiles and apparel production, nearly 1.1 million metric 
tons of microfiber, which is 2.2 ×  106 times the weight of 
the estimated ones being released from domestic washing. 
Although the detailed loss rate of synthetic fiber during 

Fig. 1  The review framework of 
microfiber pollution
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production is so far unclear, the mismanagement of the fiber 
losses at spinning mills, fabric mills, and manufacturing fac-
tories of home textiles and apparel, as well as a sale and 
usage stages, should not be ignored (Cai et al. 2020b). Incin-
eration and landfills have been the main measures to prevent 
microfiber from being directly released into the environment 
for those who originated from dry processes such as spin-
ning, weaving, and sewing (Periyasamy and Tehrani-Bagha 
2022). Therefore, compared to domestic washing, the micro-
fibres s of microfiber are the spinning mills, fabric mills, 
and manufacturing factories of home textiles and apparel 
compared with domestic washing.

In Table  1, a considerable amount of fiber loss is 
reported, although a remarkable difference exists between 
intermediary products, i.e. yarn, fabric, and end-products, 
including home textiles and four types of apparel. The fiber 
loss during spinning, weaving, dyeing, finishing, cutting, 
trimming and sewing processes is the major microfiber 
source in the textile and clothes industry. If the expected 
fiber loss is set at 30% from fiber to end-product and the 
weight of a cotton bale is 200 kg, more than 35.0 million 
bales of cotton, about 7,000 million kilograms of cotton 
was globally wasted in 2020 (James Johnson, 2021). The 
mismanagement of the fiber loss at spinning mills, fabric 
mills, and manufacturing factories of home textiles and 
apparel will generate an enormous amount of microfiber in 
solid wastes and contaminants in wastewater. Additionally, 
the origin of microfibers within the production, sale, and 
usage stages of chemical fibers and industrial textiles should 
not be ignored (Cai et al. 2020b).

The wastewater discharged from the wet-processing 
stages, including dyeing, sizing, post-processing, and fin-
ishing, is another direct and significant route for the fiber 
losses entering the environment. Microfiber released from 
textile wastewater is considerably higher than from munici-
pal sewage treatment plants, heavily contributing to micro-
fiber pollution. The microfiber concentration was up to 
54,100 microfibers/L in textile printing and dyeing waste-
water sampled in three typical textile mills in Keqiao textile 
industrial park in southeast China (Zhou et al. 2020). Cor-
respondingly, the effluents from the centralized wastewater 

treatment plants (WWTPs) of the same park reached as high 
as 537 microfibers/L, which means that 430 billion micro-
fibers were discharged daily by WWTPs (Zhou et al. 2020). 
Microfiber released from textile wastewater is considerably 
higher than municipal sewage treatment plants, significantly 
contributing to microfiber pollution (Liu et al. 2021). Azizi 
et al. reported that the microfibres took average 57% of the 
microplastics in the wastewater sampled after each treat-
ment step in conventional WWTPs according to the results 
of the meta-analysis (Azizi et al. 2022). Bao et al  2022. 
sampled the wastewater after each treatment process of a 
tropical urban WWTP and pointed out that 79.7% and 82.9% 
of microplastics detected in the wastewater are fibers dur-
ing dry and wet seasons, respectively (Bao et al. 2022). Hu 
et al. analyzed the physical characteristics of microplastics 
in 48 WWTPs in China and concluded that the maximum 
percentage of fibers was higher than 70% in both influent and 
effluent samples (Hu et al. 2022a). Other microfiber research 
indicates that fibers contribute up to 50% of the total micro-
plastic mass in WWTPs (Roscher et al. 2022; Shan et al. 
2022; Sun et al. 2019). Additionally, the sewage sludges 
used by WWTPs could also act as another important route 
for microfiber to enter the environment when the sludges 
were piled or buried in the terrestrial environment (Liu et al. 
2021; Takdastan et al. 2021).

Clothes Dryers, Face Masks, Wet Wipes, 
and Cigarette Butts are Emerging Sources

An electric clothes dryer is one of the important emerging 
sources of discharging microfibers toward the environment 
but is also easily underestimated (Yousef, 2021). In 2021, 
the global clothes dryers market grew steadily and will grad-
ually become a common household appliance for the middle 
class in the next five years (Ahmadi, 2021). However, it was 
reported that 35 and 70 mg of microfibers could be released 
by 100% polyester fleece blankets when dried by two dif-
ferent types of domestic dryer (Kapp and Miller 2020). It 
is imperative to install a novel filter for the clothes dryer 
to capture microfiber to significantly reduce the amount of 

Table 1  Cotton fiber loss rates 
for different intermediary 
products and end-products 
(Initiative 2020)

Loss rate (%) Home
textiles

Apparel:
denim

Apparel:
wovens

Apparel:
flat knits

Apparel:
circular knits

Fiber-to-yarn (open-end) 10% – – – –
Fiber-to-yarn (carded) – 12% 12% – –
Fiber-to-yarn (combed) – – – 21% 21%
Fiber-to-fabric 20% 17% 21% – 31%
Yarn-to-fabric 11% 6% 10% 13% 18%
Fiber-to-end-product 24% 30% 35% 31% 43%
Fabric-to-end-product 5% 15% 18% 13% 18%
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microfiber directly entering the environment (Karkkainen 
and Sillanpaa 2021).

The tools that human beings used for controlling the 
COVID-19 epidemic, may also become emerging sources of 
microfiber pollutants. Wearing a face mask is considered to 
be one of the effective ways to reduce the spread of COVID-
19. Surgical masks, made of polymeric nonwoven materials 
consisting of polypropylene-based and polyethylene-based 
microfiber, were widely used worldwide. The daily face 
mask production and consumption have been up to 110 
million, with growth at 450% in China since February 
2020 (Wu et  al. 2022). Worldwide, approximately 129 
billion face masks have been demanded each month to 
effectively deal with the COVID-19 pandemic since 2020, 
with a 40% monthly increase (Fadare and Okoffo 2020; 
Prata et al. 2020). The demand for face masks is expected 
to be substantial during the post-pandemic period, with an 
estimated annual growth of 20%, from 2020 to 2025 (Singh 
et al. 2020). A dramatic increase in face mask production 
and consumption leads to a rapid accumulation of used PPEs 
in domestic solid waste streams. If only 1% of face masks 
are inappropriately disposed of, about 10 million masks, 
nearly 30–40,000 kg of microfibers, will be globally released 
into the environment every month (De-la-Torre et al. 2022; 
Fadare and Okoffo 2020; Torres-Agullo et al. 2021). Thus, 
microfiber and nanofiber from face masks will sharply 
increase in the Earth system in the future (Akhbarizadeh 
et al. 2021a).

Wet wipes with alcohol-based sanitizers for disinfection 
and sterilization during the COVID-19 pandemic have also 
been identified as a potential source of microfibers (Shruti 
et al. 2021). The Discarded wet wipes and disposable face 
masks will degrade into microfibers with the help of solar 
radiation, mechanical friction, and microbial corrosion (Hu 
et al. 2022b). Although wet wipes are not widely used as 
face masks for the public in the COVID-19 era, the risk 
of microfiber pollution caused by discarded wet wipes and 
other personal protective equipment cannot be neglected 
(Briain et al. 2020; Haque and Fan 2022).

Cigarette butts are also an emerging microfiber source. 
Cigarette butts are made of cellulose acetate fibers. A ciga-
rette butt comprises more than 15,000 cellulose acetate 
microfibers (Shen et al. 2021). Cigarette butts will release 
about 300,000 tonnes of potential microfibers annually 
into global aquatic environments (Belzagui et al. 2021). 
Although the amount of microfibers released from smoked 
cigarette butts is relatively smaller than other discussed 
microfiber sources, the joint ecotoxicity of microfibers and 
toxic pollutants (i.e. nicotine, carcinogenic tar, and polycy-
clic aromatic hydrocarbons) to the environment cannot be 
ignored. The leachate of five smoked cigarettes dissolved 
in 1L of water will cause 60% to 100% mortality of four 
types of freshwater invertebrates within five days (Green 

et al. 2020). A few butts in the soil could cause decreased 
activity in soil-dwelling invertebrates (Gill et al. 2018) (see 
Fig. 2). A summary of the potential sources and the release 
volume of microfibers each year is demonstrated in Table 2.

Degradation offers a strategy for microfibers to 
mitigate microfiber pollution. Four degradation methods 
include photodegradation, electrochemical oxidation, 
thermodegradation, and biodegradation. The products 
of PET, PA, polyacrylonitrile (PAN), and wool include 
Bisphenol A, bisphenol S, benzophenone-3, and some 
volatile organic compounds through photocatalytic oxidation 
in seawater and freshwater media over ten months (Sait 
et al. 2021). The thermodegradation and biodegradation 
of the synthetic and cellulosic microfibers, especially 
biodegradation using functional microbial and multiple 
enzymes, can provide sustainable concurrent routes to 
producing biofuel and mitigating environmental pollution 
(Arpia et al. 2021; Du et al. 2021).

Microfibers in the Ocean

Microfibers are the most common types of microplastics 
identified in the ocean (Belzagui et  al. 2019; Mishra 
et al. 2019; Salvador Cesa et al. 2017; Suaria et al. 2020). 
Microfibers in the ocean, including polyester, acrylic, 
polypropylene, polyethylene, and polyamide, are widely and 
mainly used in the textiles and apparel industry(Garlapati 
2019; Mishra et al. 2019). Especially polyester fibers account 
for more than 50% of the collected microplastic samples 
(Mishra et al. 2019). Fibrous microplastics, 0.1—1.5 mm in 
length, are predominantly 91% of microplastics in a global 
marine microfiber contamination study of surface water 
samples (Barrows et al. 2018). Synthetic fibers released 
from domestic washing have ever been considered the major 
microfiber source in the marine environment (Belzagui 
et al. 2019; Salvador Cesa et al. 2017). However, fibrous 
materials, including various textiles and apparel, are the 
main sources of microfibers in the ocean, which are released 
during the whole life cycle of fiber production, use, care, and 
waste disposal (Liu et al. 2021).

Microfibers are dispersed and accumulated throughout 
the global ocean and are recorded in the samples from sur-
face and subsurface seawater to deep-sea sediments and 
organisms. Microfibers ingestion is ubiquitous in marine 
organisms and biota because of their high bioavailability 
in benthic and pelagic habitats. Microfibers are suscepti-
ble to ingestion by a wide range of marine organisms, from 
zooplankton (Botterell et al. 2020, 2019; Sun et al. 2018, 
2017), fish (Akhbarizadeh et al. 2020a; Neves et al. 2015), 
shellfish (Ding et al. 2020), reptiles (Duncan et al., 2019), 
and seabirds (Provencher et al. 2018) to mammals (Zantis 
et al. 2021). The microfiber abundance in the various tissues 
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of marine organisms was significantly correlated with those 
of the surrounding seawater (Sui et al. 2020). Thus, some 
marine organisms, such as zooplankton species, can be used 
as indicators of microfiber pollution in marine ecosystems 
(Kvale et al. 2021). The ingestion, trophic transfer, accu-
mulation, and potentially toxic effects of microfibers in the 
marine ecosystem are still poorly understood (Athey and 
Erdle 2022). However, microfibers have properties similar 
to those of microplastics, which makes them have poten-
tially negative effects on the organisms that ingest them. The 
surfaces of microfibers have high adsorption capacities for 

organic, inorganic, and mixed pollutants (Zhao et al. 2022), 
such as the adsorption of sulfonamides on virgin PA (Jiang 
et al. 2022), carcinogenic polycyclic aromatic hydrocarbons 
on polyester fiber (Wisniowska and Wlodarczyk-Makula 
2022), and Pb, Cd, Cs, and Zn onto PE (Besson et al. 2020; 
Li et al. 2022b). Additionally, more than 100,000 chemi-
cal additives, such as natural and synthetic dyes, soften-
ing, ultraviolet protective, and antimicrobial and antiviral 
agents, have been widely used during fiber, yarn, and fabric 
manufacturing or finishing processes to endow some special 
functional properties to textiles, for example, dope additives, 

Fig. 2  The potential sources of microfibers

Table 2  Microfibers from 
various sources

Source Amount of release per year Potential harm

Domestic washing 500,000 tonnes The harmful effects on the ocean and freshwater system
Fiber losses 1,100,000 tonnes The harmful effects on the ocean, air, soil, and human
Clothes dryer / The harmful effects on the air
Face masks 360–480 tonnes The harmful effects on the ocean, freshwater, and soil
Wet wipes / The harmful effects on the ocean, freshwater, and soil
Cigarette butts 300,000 tonnes The harmful effects on the freshwater system and soil
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including but not limited to plasticizers, dyes, pigments, 
fire retardants, and UV absorbers, which might be ecotoxic. 
Considering that microfibers in the marine environment are 
the reservoirs for antibiotic, metal-resistance genes (Akh-
barizadeh et al. 2020a) and microbial communities (Mishra 
et al. 2022; Yang et al. 2019), the toxic substances adhering 
on or released from microfibers may threaten the survival, 
feeding, and fecundity of marine organisms, and represent 
a great risk for marine biodiversity (Guzzetti et al. 2018; 
Vroom et al. 2017).

Although rivers and urban runoff are implicated as major 
pathways of microplastics and microfibers transporting to 
marine environments (Gago et al. 2018; Hajiouni et al. 2022; 
Wang et al. 2022), the transportation of fibrous materials from 
land to coastal areas and deep ocean is still poorly understood. 
Atmospheric transport, that is, wind entrainment, has been 
proposed to be a novel pathway for microfiber movement, 
although only a handful of related studies have been carried 
out. Microfibers are preferentially transported to a longer-range 
or global scale by wind entrainment and erosion because of its 
smaller size and lighter density compared to plastic microbeads 
and fragments (Bullard et al. 2021). Microfibers were found 
in most samples, accounting for 92%, through atmospheric 
deposition in central London with higher deposition rates 
of up to 1008 fibers/m2/d (Wright et al. 2020). Atmospheric 
microfiber transport has been considered a significant pathway 
for microfiber to the ocean from the indoor origin in times of 
favorable wind speeds and trajectories (Brahney et al. 2020; 
Kash et al. 2022). It was estimated that 7.64–33.76 tonnes of 
microfibers were globally generated in 2018, constituting a 
great proportion of ingestible solid pollutants in the ocean air 
and marine ecosystem (Il Kwak et al. 2022; Li et al. 2022a; 
Liu et al. 2020). Furthermore, sea ice is also considered an 
important temporal transport for microfiber in the Polar 
regions, which is transported by oceanic currents in different 
seasons (Peeken et al. 2018).

Mathematical modeling provides an effective means 
to explore the transport mechanism of microfiber in the 
aquatic environment. Liedermann et al. proposed to measure 
microplastic transport in large or medium rivers using a 
net-based device with different net sizes exposed in three 
different depths (Liedermann et al. 2018). Sheerman and 
Sebile proposed a model based on satellite-tracked buoy 
observations to simulate the transport of plastic floating 
on the ocean surface from 2015 to 2025 (Sherman and 
van Sebille 2016). Choi et  al. proposed an orientation-
dependent drag model, considering the secondary motion, 
toward realistic predictions of microfiber transport in aquatic 
environments (Choi et al. 2022). Mathematical modeling 
provides an effective means to explore the transport 
mechanism of microfiber in the aquatic environment. 
Through a systematic review, Uzun et al. deduced that more 
reliable results are obtained using hybrid methods, especially 

the coupling of hydrodynamic and process-based models 
and hydrodynamics and statistical models (Uzun et  al. 
2022). The research on the microfiber transport mechanism 
is limited. In the future, more data in longer periods and a 
variety of properties of microfibers are required to increase 
the robustness and accuracy of mathematical modeling of 
microfiber transport in the aquatic environment.

Microfibers in the Atmosphere

Microfiber released from the various textiles and garments 
production, including spinning, weaving, dyeing, cutting 
and sewing, shedding from clothing during normal wear 
and laundry drying, emissions from outdoor textile sports 
equipment, and discarded textiles, are the principal sources 
of microfibers in the atmosphere. Though synthetic 
microfibers have been widely reported as the majority of 
microplastic pollution in the air, natural fibers also constitute 
a more significant proportion of the atmospheric pollutants 
transported by wind and rain (Rochman and Hoellein 2020; 
Stanton et al. 2019). Furthermore, some research indicated 
that atmospheric microfibers are dominated by natural and 
regenerated cellulosic fibers instead of synthetic fibers 
(Finnegan et al. 2022; Li et al. 2020). Microfibers in the 
atmosphere will lead to direct respiratory exposure to 
human health, especially for textile and clothing factory 
workers. Recent research indicated that at least 13,000 to 
68,000 household dust microfibers have been inhaled from 
textiles per year (Catarino et al. 2018). Additionally, several 
additives, such as inorganic salts, metal nanoparticles, and 
natural and synthetic macromolecular substances, will 
release from microfiber into the atmospheric and aquatic 
environment as environmental hormones (Lin et al. 2018). 
The desorption of fiber additives in the atmosphere, 
such as disperse dyes, UV stabilizers, and degradation 
products, is the most important contact allergen in textile 
dermatitis (Malinauskiene et al. 2013; Sait et al. 2021). 
Exposure to mixed airborne microcontaminants, including 
fine particulate matter  (PM2.5) microfibers and polycyclic 
aromatic hydrocarbons, will increase the cancer risk in 
winter (Akhbarizadeh et al. 2021b).

The low density, moderate length, natural or artificial 
crimp, and greater surface-area-to-volume ratios of 
microfibers compared with plastic microbeads and fragments 
facilitate their wind entrainment and regional transport 
from 10 to 1000 km (Brahney et al. 2020), which means the 
atmospheric environment is also an important pathway to 
spread microfiber pollution. Especially dry microfibers are 
susceptible to atmospheric conditions, mainly contributing 
to the longer-ranger or global transport rather than regional 
areas through several suspension-deposition cycles for 
years (Brahney et al. 2020). Though high-altitude winds 
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and rainstorms have been considered the main forces that 
transport and circulate atmospheric microfibers globally, 
the route of microfibers to the atmosphere and the transport 
pathway with air have not been clarified. Applying 
concepts and methods from geosciences will accelerate our 
understanding of the mechanism of atmospheric pollution 
of microfiber, the fate of microfibers in the atmosphere, and 
how microfibers affect air quality (Stubbins et al. 2021).

The Potential Human Exposures

Indoor and outdoor dust ingestion has been reported as 
human exposure pathways to microfibers of great magni-
tude (Dris et al. 2017). The highly concentrated microfib-
ers have been detected in indoor dust, accounting for 88.0% 
of microplastics ranging from 1550 to 120,000 mg/kg (Liu 
et al. 2019a). The daily exposure for adults was 64.1 fib-
ers/kg-bw/day, while a daily exposure risk of 889 fibers/
kg-bw/day for infants and indoor dust accounted for 97% 
of the total exposure (Liu et al. 2019a). The daily expo-
sure risk of microfibers for infants was more than ten times 

that of adults, likely due to increased dust ingestion caused 
by crawling behavior and the higher frequency of nibbling 
behavior of hands, feeding bottle, plush toys, and clothes 
(Liu, 2022). The potential pathways of microfiber exposure 
for infants are demonstrated in Fig. 3. The quantitatively 
instrumental analysis of polyethylene terephthalate (PET) 
and polycarbonate (PC) microplastics in infant and adult 
feces also supports the daily exposures from the diet of an 
infant are significantly higher than those of adults (Zhang 
et al. 2021). Common microfibers or microplastics, such as 
PET, PE, and PP have also been detected in human stool, 
placenta, and meconium in some clinical cases (Braun 
et al. 2021; Nor et al. 2021; Schwabl et al. 2019). The latest 
research indicated that common polymers applied in fibrous 
materials, such as PET and PE are bioavailable in the human 
bloodstream within nano-size, and the sum quantifiable con-
centration in blood was 1.6 µg/ml (Leslie et al. 2022). The 
microplastic beads ranging from 1 to 10 μm lead to signifi-
cant mechanical stretching of the lipid membranes without 
inflammatory reactions and serious dysfunction of the cell 
machinery (Fleury and Baulin 2021). Correspondingly, the 
negative effect of microfiber on the micro-nanometers size of 

Fig. 3  The potential pathways of microfiber exposure for infants
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cell membranes and their physiological toxicity of additive 
chemical content on the human digestive system should be 
experimentally and theoretically studied.

Inhalation and ingestion are the two main pathways for 
daily human exposure to microfibers. For inhalation, the 
significant correlation between microfiber exposure and the 
occupational health of textile workers has been confirmed 
in massive clinical cases (Hussain et al. 2019; Karanikas 
and Hasan 2022; Lai and Christiani 2013; Too et al. 2016). 
Long-term and high exposure to organic dust containing 
hemp and cotton microfiber through inhalation and skin con-
tact has negative effects on textile workers' byssinosis, res-
piratory diseases, allergies, and epithelial growth (van Dijk 
et al. 2020; Zele et al. 2021). A cross-sectional study in Paki-
stan has indicated that 35.6% of textile workers suffer from 
byssinosis, especially those in spinning and weaving mills 
exposed to a higher density of microfiber (Memon et al. 
2008). The worldwide prevalence of byssinosis among tex-
tile workers is up to 40% (Murlidhar et al. 1995). Particularly 
in low/middle countries, byssinosis has been a basic occu-
pational disease for textile workers. Respiratory diseases, 
including reversible or irreversible obstructive lung diseases 
(i.e., asthma or chronic obstructive pulmonary disease), and 
restrictive lung diseases, are prevalent in textile workers 
(Lai and Christiani 2013). Polypropylene and polyethylene 
terephthalate fibers (≤ 3 μm) were most abundantly identi-
fied using μFTIR spectroscopy in all regions of 13 human 
lungs collected from thoracic surgical procedures at Castle 

Hill Hospital in the United Kingdom (Jenner et al. 2022). 
Microfibers are reservoirs for additive chemical content (Sait 
et al. 2021), volatile and semivolatile organic compounds, 
bacteria, and fungi in indoor and outdoor environments, act-
ing as selective pressure within developing respiratory and 
gut microbiomes (Gardner et al. 2020) (see Fig. 4).

Microfibers have been documented in the digestive tract, 
gills, and the select internal organs of commercial marine 
species such as bivalves, crabs, and fish (Dawson et al. 
2021). Therefore, seafood has been regarded as the main 
transfer pathway of microfibers to humans by the public. 
However, the tissues are always discarded instead of eaten 
by seafood consumers. Drinking water (Akhbarizadeh 
et al. 2020b; Gouin et al. 2021; Zhang et al. 2020), and salt 
(Peixoto et al. 2019; Zhang et al. 2020) are other ingestion 
ways for microfibers to enter human bodies. The exposure 
data, adsorption model, and health risk evaluation of 
microfiber in humans are inadequate. The adverse health 
effects on humans at different levels, including cytotoxicity, 
immune response, oxidative stress, and barrier attributes of 
microfibers of human cells, are still unknown (Danopoulos 
et al. 2022).

Fig. 4  Implications of microfibers inhalation and possible consequences in the human respiratory system
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The Way Forward

At present, the abundance, distribution, and mechanism of 
environmental microfiber pollution are still unclear, which 
makes it difficult for stakeholders and the public to pay 
attention to the management of microfiber. In recent years, 
with the increasing exposure to microplastic pollution in 
mass media, relevant practitioners began to focus on the 
problem of microplastic fiber pollution. However, it should 
be clarified that microfiber is not directly equivalent to 
microplastic fiber. Microfiber sometimes refers to a wider 
group of materials than microplastic fiber. Therefore, it is 
necessary to study and understand the short-term, medium-
term, and long-term mechanisms of microfiber pollution, 
and gradually realize the management of microfiber 
pollution in industry and daily life.

A Binding Global Agreement

In February 2021, an international agreement to combat 
plastic pollution has been proposed by many governments 
at the fifth summit of the United Nations Environment 
Assembly (UNEA) (Simon et al. 2021). A draft resolution 
on a global binding to reduce the discharge of plastics 
throughout the plastic life cycle has been negotiated at the 
UNEA5.2 on March 2, 2022. An internationally legally 
binding agreement to effectively curb increasingly serious 
plastic pollution will be a historic initiative and advance for 
humans. However, the plastic pollution problem mentioned 
in the agreement has not specifically included microfiber 
pollution, although more than 35% of microplastics are 
fibers coming from textiles. If the microplastics from 
textile sources are included in the draft resolution to be 
further negotiated at the UNEA5.2 framework in 2024, 
urgent actions on plastic and microplastic pollution will be 
strengthened within a more comprehensive scope through 
more holistic and prospective responses.

Legislation on Microfiber Pollution

Since February 2020, all newly sold washing machines 
are mandated to be equipped with a microfiber filter by 
2025, which has already been adopted under a France law 
(Sánchez 2020). France is the first country in the world 
to reduce and control microfiber pollution from laundry 
through regulations. The experience of France shows that 
it is feasible to manage microfiber pollution by legislation. 
While controversially, France's legislation in the field 
of microfiber pollution is a viable response to the severe 
environmental and ecological problem. It is foreseeable 
that microfiber pollution will be legislated on a much 
broader level. As discussed in previous sections, the most 

important source of microfibers in the environment is not 
domestic laundry but the waste and wastewater produced 
in the relevant industrial production processes. Therefore, 
future legislation must focus on microfiber emission events 
in industrial production. It requires a quantitative evaluation 
and a lamination of the microfiber discharge from a technical 
point of view.

Development of Technical Standards on Microfiber 
Pollution

Some voluntary, consensus-based, or mandatory standards 
related to microplastics from textile sources will be 
developed to provide solutions to microfiber pollution. 
In 2022, the ISO/TC 38 subcommittees dealing with the 
sampling and measuring material loss for microfibers from 
textile end-products by domestic washing method, and the 
qualitative and quantitative evaluation of microfiber from 
domestic washing, approved the development of three 
technical standards on microplastic from end textile products 
(ISO 2021a, b, c). The implementation of measurement 
and quantitative evaluation standards on microplastic from 
textile sources will accelerate the innovation of fiber and 
yarn production, and the design evolution of fabric and 
clothes. A broad range of stakeholders of the textile and 
clothes chain including, but not limited to, the textile and 
fashion industry, and washing machine manufacturers, 
look for and promote solutions using strategic and tactical 
interventions throughout the full fibrous material lifecycle. 
In the future, a series of technical standards and guidelines 
will be amended and issued at multilevel in a bid to regulate 
the design and production, reuse, recycling, disposal, and 
retrieval of textiles and clothing (Simon et al. 2021).

Addressing Microfiber Pollution Through Circular 
Economy

The global annual textile consumption has reached up to 
100 million tonnes, while only 15% was recycled in the 
last two decades (Shirvanimoghaddam et al. 2020). The 
disposal nature of fast fashion and “throwaway culture” in a 
linear economy has directly contributed to a large amount of 
textiles wastes (Bucknall 2020). However, this leads to not 
only a huge loss of valuable resources but an ever-increasing 
environmental problem. A circular textile economy provides 
a new approach to reducing textile waste and mitigating 
microfiber pollution. In general, reuse and recycling can 
maintain fibrous materials at their highest value and reduce 
environmental impact compared to traditional ways, such as 
landfills and incineration. The reuse of aged but wearable 
clothes, such as cotton clothes and synthetic fiber fashion 
without aging, through the sale of secondhand goods, is 
more beneficial than recycling (Cao et al. 2022; Sandin 
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and Peters 2018). A circular textile economy, especially 
for some major textile and clothing production countries in 
Asia and Africa, will trigger and promote the adjustment 
of the textile value chain from a sustainable development 
perspective. Meanwhile, the circular textiles economy 
will drive advances in next-generation fibrous materials 
design from the environmental and ecological dimensions, 
increasing their end-of-life value in the long-term.

Conclusions

As an emerging pollutant, microfibers are now generally 
categorized as a dominant type of microplastics. In the 
future, microfibers will be systematically studied as an 
independent type of pollutant instead of a subgroup of 
microplastics. The knowledge gaps remain about the 
potential source, transport pathway, spatial distribution, 
environmental toxicity and fate, and risk of microfiber to 
ecosystems on the Earth. Microfiber, a suite of synthetic 
polymers intentionally created for the benefit of humans, 
is still being explored through holistic approaches to the 
extent that they are harming organisms and ecosystems 
on the Earth. However, we must urgently address the 
full lifecycle of microfiber, given the scale of microfiber 
pollution and our increasing levels of microfiber 
consumption.

In this review, microfiber as an environmental pollutant 
is defined. Some underestimated sources of microfiber are 
discussed. The potential human exposure to microfiber is 
summarized. Moreover, some feasible measures to migrate 
microfiber pollution are proposed.

(1) An extensive definition of microfiber as an emerging 
contaminant was proposed, including both natural 
and synthetic fibers. Considering that microfibers and 
microplastic fibers have many various commonalities, 
thus, it is necessary to further recognize the microfibres 
in the textile area from ecological and environmental 
perspectives.

(2) The potential sources of microfiber have been explored 
in different scenarios. Although domestic washing was 
always identified as the primary source, fiber losses in 
the textiles and apparel production processes have been 
identified as the main source that cannot be neglected 
and underestimated. We have also pointed out that 
clothes dryers, face masks, wet wipes, and cigarette 
butts are emerging sources.

(3) Atmospheric microfiber transportation is also identified 
as a significant pathway for microfiber to the ocean 
from its indoor origins, although rivers are implicated 
as major pathways of microfibers transport to marine.

(4) The research on the environmental impact of microfiber 
on organisms and ecosystems is just beginning. 
Inhalation and ingestion are the two main pathways for 
daily human exposure to microfibers. Textile workers’ 
exposure to microfiber at high doses and for long 
periods can cause respiratory disease.

(5) Some feasible measures to mitigate microfiber pollution 
from the global perspective are also suggested, 
including global management of plastic pollution 
from textile sources, technical standards for microfiber 
pollution, and a circular economy pattern to reduce 
textile waste and mitigate microfiber pollution.

Future Outlook

It will be a difficult and long way to eliminate microfiber 
pollution. The research about the systematic source, 
patterns, and processes of microfiber transport around 
the globe could last for years, let alone the medium to 
long-term effects of microfiber pollution on environments 
and humans. However, despite the growing research on 
microfiber pollution, this field still has some limitations. 
The future directions included but were not limited to the 
followings,

(1) Collaborative research on the mixed micro-nano 
pollutants, including microplastic, microfiber, 
suspended fine particulate matter (PM2.5), polycyclic 
aromatic hydrocarbons (PAHs), heavy metals, and 
other emerging contaminants will reveal the real 
environmental risk and effects on human.

(2) The realistic and theoretical modeling of microfiber 
abundance, distribution, transport, and accumulation 
in aquatic, atmospheric, and marine-atmosphere 
environments will assess the feasibility and efficiency 
of migration methods.

(3) The industrial application of microfiber in energy 
and architecture will provide a sustainable concurrent 
approach to producing biofuel and fibrous composites 
and mitigating microfiber pollution.

Funding This project was supported by the Natural Science Foundation 
of Jiangsu Province (Grant No. BK20200608) and the Postdoctoral 
Science Foundation of China (Grant No. 2019M651704).

Declarations 

Conflict of interest The authors declare that there is no conflicts of 
interest.



 Reviews of Environmental Contamination and Toxicology (2022) 260:13

1 3

13 Page 12 of 16

References

Acharya S, Rumi SS, Hu Y, Abidi N (2021) Microfibers from synthetic 
textiles as a major source of microplastics in the environment: a 
review. Text Res J 91:2136–2156. https:// doi. org/ 10. 1177/ 00405 
17521 991244

Akhbarizadeh R, Dobaradaran S, Nabipour I, Tajbakhsh S, Darabi AH, 
Spitz J (2020a) Abundance, composition, and potential intake of 
microplastics in canned fish. Mar Pollut Bull. https:// doi. org/ 10. 
1016/j. marpo lbul. 2020. 111633

Akhbarizadeh R, Dobaradaran S, Schmidt TC, Nabipour I, Spitz J 
(2020b) Worldwide bottled water occurrence of emerging con-
taminants: a review of the recent scientific literature. J Hazard 
Mater. https:// doi. org/ 10. 1016/j. jhazm at. 2020. 122271

Akhbarizadeh R, Dobaradaran S, Nabipour I, Tangestani M, Abedi D, 
Javanfekr F, Jeddi F, Zendehboodi A (2021a) Abandoned Covid-
19 personal protective equipment along the Bushehr shores, the 
Persian Gulf: an emerging source of secondary microplastics 
in coastlines. Mar Pollut Bull. https:// doi. org/ 10. 1016/j. marpo 
lbul. 2021. 112386

Akhbarizadeh R, Dobaradaran S, Torkmahalleh MA, Saeedi R, Aibaghi 
R, Ghasemi FF (2021b) Suspended fine particulate matter 
(PM2.5), microplastics (MPs), and polycyclic aromatic hydro-
carbons (PAHs) in air: their possible relationships and health 
implications. Environ Res. https:// doi. org/ 10. 1016/j. envres. 2020. 
110339

Amutha K (2016) A practical guide to textile testing. Woodhead Pub-
lishing India Pvt Ltd

Arpia AA, Chen WH, Ubando AT, Naqvi SR, Culaba AB (2021) 
Microplastic degradation as a sustainable concurrent approach 
for producing biofuel and obliterating hazardous environmental 
effects: a state-of-the-art review. J Hazard Mater 418:126381. 
https:// doi. org/ 10. 1016/j. jhazm at. 2021. 126381

Athey SN, Erdle LM (2022) Are we underestimating anthropogenic 
microfiber pollution? A critical review of occurrence, methods, 
and reporting. Environ Toxicol Chem 41:822–837. https:// doi. 
org/ 10. 1002/ etc. 5173

Azizi N, Nasseri S, Nodehi RN, Jaafarzadeh N, Pirsaheb M (2022) 
Evaluation of conventional wastewater treatment plants efficiency 
to remove microplastics in terms of abundance, size, shape, and 
type: a systematic review and Meta-analysis. Mar Pollut Bull. 
https:// doi. org/ 10. 1016/j. marpo lbul. 2022. 113462

Bao RQ, Wang ZZ, Qi HY, Mehmood T, Cai MG, Zhang YM, Yang 
RL, Peng LC, Liu FJ (2022) Occurrence and distribution of 
microplastics in wastewater treatment plant in a tropical region 
of China. J Clean Prod. https:// doi. org/ 10. 1016/j. jclep ro. 2022. 
131454

Barrows APW, Cathey SE, Petersen CW (2018) Marine environment 
microfiber contamination: global patterns and the diversity of 
microparticle origins. Environ Pollut 237:275–284. https:// doi. 
org/ 10. 1016/j. envpol. 2018. 02. 062

Belzagui F, Buscio V, Gutierrez-Bouzan C, Vilaseca M (2021) Ciga-
rette butts as a microfiber source with a microplastic level of 
concern. Sci Total Environ. https:// doi. org/ 10. 1016/j. scito tenv. 
2020. 144165

Belzagui F, Crespi M, Alvarez A, Gutierrez-Bouzan C, Vilaseca M 
(2019) Microplastics’ emissions: microfibers’ detachment from 
textile garments. Environ Pollut 248:1028–1035. https:// doi. org/ 
10. 1016/j. envpol. 2019. 02. 059

Besson M, Jacob H, Oberhaensli F, Taylor A, Swarzenski PW, Metian 
M (2020) Preferential adsorption of Cd, Cs and Zn onto virgin 
polyethylene microplastic versus sediment particles. Mar Pollut 
Bull. https:// doi. org/ 10. 1016/j. marpo lbul. 2020. 111223

Better Cotton Initiative (2022). Measuring Cotton Consumption: 
Better Cotton Conversion Factors and Multipliers. Geneva, 

Switzerland:  23. https:// bette rcott on. org/ wpcon tent/ uploa 
ds/ 2022/ 05/ Measu ring- Cotton- Consu mption_ Better- Cot-
ton- Conve rsion- Facto rs- and- Multi pliers_ v2. pdf. Accessed 3 
December 2022

Botterell ZLR, Beaumont N, Cole M, Hopkins FE, Steinke M, Thomp-
son RC, Lindeque PK (2020) Bioavailability of microplastics to 
marine zooplankton: effect of shape and infochemicals. Environ 
Sci Technol 54:12024–12033. https:// doi. org/ 10. 1021/ acs. est. 
0c027 15

Botterell ZLR, Beaumont N, Dorrington T, Steinke M, Thompson RC, 
Lindeque PK (2019) Bioavailability and effects of microplastics 
on marine zooplankton: a review. Environ Pollut 245:98–110. 
https:// doi. org/ 10. 1016/j. envpol. 2018. 10. 065

Boucher, J. and Friot D. (2017). Primary Microplastics in the Oceans: 
A Global Evaluation of Sources. Gland,Switzerland: IUCN. 
43pp. https:// doi. org/ 10. 2305/ IUCN. CH. 2017. 01. en

Brahney J, Hallerud M, Heim E, Hahnenberger M, Sukumaran S 
(2020) Plastic rain in protected areas of the United States. Sci-
ence 368:1257–1260. https:// doi. org/ 10. 1126/ scien ce. aaz58 19

Braun T, Ehrlich L, Henrich W, Koeppel S, Lomako I, Schwabl P, 
Liebmann B (2021) Detection of microplastic in human placenta 
and meconium in a clinical setting. Pharmaceutics 13(7):921. 
https:// doi. org/ 10. 3390/ pharm aceut ics13 070921

Briain OO, Marques Mendes AR, McCarron S, Healy MG, Morrison 
L (2020) The role of wet wipes and sanitary towels as a source 
of white microplastic fibres in the marine environment. Water 
Res 182:116021. https:// doi. org/ 10. 1016/j. watres. 2020. 116021

Bucknall DG (2020) Plastics as a materials system in a circular econ-
omy. Philos Trans A Math Phys Eng Sci 378:20190268. https:// 
doi. org/ 10. 1098/ rsta. 2019. 0268

Bullard JE, Ockelford A, O’Brien P, McKenna Neuman C (2021) 
Preferential transport of microplastics by wind. Atmos Environ. 
https:// doi. org/ 10. 1016/j. atmos env. 2020. 118038

Cai Y, Yang T, Mitrano DM, Heuberger M, Hufenus R, Nowack B 
(2020a) Systematic study of microplastic fiber release from 12 
different polyester textiles during washing. Environ Sci Technol 
54:4847–4855. https:// doi. org/ 10. 1021/ acs. est. 9b073 95

Cai YP, Mitrano DM, Heuberger M, Hufenus R, Nowack B (2020b) 
The origin of microplastic fiber in polyester textiles: The tex-
tile production process matters. J Clean Prod. https:// doi. org/ 
10. 1016/j. jclep ro. 2020. 121970

Cao Y, Qu Y, Guo LL (2022) Identifying critical eco-innovation 
practices in circular supply chain management: evidence from 
the textile and clothing industry. Int J Logist-Res App. https:// 
doi. org/ 10. 1080/ 13675 567. 2022. 20768 17

Catarino AI, Macchia V, Sanderson WG, Thompson RC, Henry TB 
(2018) Low levels of microplastics (MP) in wild mussels indi-
cate that MP ingestion by humans is minimal compared to 
exposure via household fibres fallout during a meal. Environ 
Pollut 237:675–684. https:// doi. org/ 10. 1016/j. envpol. 2018. 02. 
069

Chan CKM, Park C, Chan KM, Mak DCW, Fang JKH, Mitrano DM 
(2021) Microplastic fibre releases from industrial wastewater 
effluent: a textile wet-processing mill in China. Environ Chem 
18:93–100. https:// doi. org/ 10. 1071/ En201 43

Choi CE, Zhang J, Liang Z (2022) Towards realistic predictions of 
microplastic fiber transport in aquatic environments: Secondary 
motions. Water Res 218:118476. https:// doi. org/ 10. 1016/j. watres. 
2022. 118476

Danopoulos E, Twiddy M, West R, Rotchell JM (2022) A rapid review 
and meta-regression analyses of the toxicological impacts 
of microplastic exposure in human cells. J Hazard Mater 
427:127861. https:// doi. org/ 10. 1016/j. jhazm at. 2021. 127861

Dawson AL, Santana MFM, Miller ME, Kroon FJ (2021) Relevance 
and reliability of evidence for microplastic contamination in sea-
food: a critical review using Australian consumption patterns as a 

https://doi.org/10.1177/0040517521991244
https://doi.org/10.1177/0040517521991244
https://doi.org/10.1016/j.marpolbul.2020.111633
https://doi.org/10.1016/j.marpolbul.2020.111633
https://doi.org/10.1016/j.jhazmat.2020.122271
https://doi.org/10.1016/j.marpolbul.2021.112386
https://doi.org/10.1016/j.marpolbul.2021.112386
https://doi.org/10.1016/j.envres.2020.110339
https://doi.org/10.1016/j.envres.2020.110339
https://doi.org/10.1016/j.jhazmat.2021.126381
https://doi.org/10.1002/etc.5173
https://doi.org/10.1002/etc.5173
https://doi.org/10.1016/j.marpolbul.2022.113462
https://doi.org/10.1016/j.jclepro.2022.131454
https://doi.org/10.1016/j.jclepro.2022.131454
https://doi.org/10.1016/j.envpol.2018.02.062
https://doi.org/10.1016/j.envpol.2018.02.062
https://doi.org/10.1016/j.scitotenv.2020.144165
https://doi.org/10.1016/j.scitotenv.2020.144165
https://doi.org/10.1016/j.envpol.2019.02.059
https://doi.org/10.1016/j.envpol.2019.02.059
https://doi.org/10.1016/j.marpolbul.2020.111223
https://bettercotton.org/wpcontent/uploads/2022/05/Measuring-Cotton-Consumption_Better-Cotton-Conversion-Factors-and-Multipliers_v2.pdf
https://bettercotton.org/wpcontent/uploads/2022/05/Measuring-Cotton-Consumption_Better-Cotton-Conversion-Factors-and-Multipliers_v2.pdf
https://bettercotton.org/wpcontent/uploads/2022/05/Measuring-Cotton-Consumption_Better-Cotton-Conversion-Factors-and-Multipliers_v2.pdf
https://doi.org/10.1021/acs.est.0c02715
https://doi.org/10.1021/acs.est.0c02715
https://doi.org/10.1016/j.envpol.2018.10.065
https://doi.org/10.2305/IUCN.CH.2017.01.en
https://doi.org/10.1126/science.aaz5819
https://doi.org/10.3390/pharmaceutics13070921
https://doi.org/10.1016/j.watres.2020.116021
https://doi.org/10.1098/rsta.2019.0268
https://doi.org/10.1098/rsta.2019.0268
https://doi.org/10.1016/j.atmosenv.2020.118038
https://doi.org/10.1021/acs.est.9b07395
https://doi.org/10.1016/j.jclepro.2020.121970
https://doi.org/10.1016/j.jclepro.2020.121970
https://doi.org/10.1080/13675567.2022.2076817
https://doi.org/10.1080/13675567.2022.2076817
https://doi.org/10.1016/j.envpol.2018.02.069
https://doi.org/10.1016/j.envpol.2018.02.069
https://doi.org/10.1071/En20143
https://doi.org/10.1016/j.watres.2022.118476
https://doi.org/10.1016/j.watres.2022.118476
https://doi.org/10.1016/j.jhazmat.2021.127861


Reviews of Environmental Contamination and Toxicology (2022) 260:13 

1 3

Page 13 of 16 13

case study. Environ Pollut 276:116684. https:// doi. org/ 10. 1016/j. 
envpol. 2021. 116684

De-la-Torre GE, Dioses-Salinas DC, Dobaradaran S, Spitz J, Keshtkar 
M, Akhbarizadeh R, Abedi D, Tavakolian A (2022) Physical 
and chemical degradation of littered personal protective equip-
ment (PPE) under simulated environmental conditions. Marine 
Pollution Bulletin 178:113587. https:// doi. org/ 10. 1016/j. marpo 
lbul. 2022. 113587

Ding J, Li J, Sun C, Jiang F, He C, Zhang M, Ju P, Ding NX (2020) 
An examination of the occurrence and potential risks of micro-
plastics across various shellfish. Sci Total Environ 739:139887. 
https:// doi. org/ 10. 1016/j. scito tenv. 2020. 139887

Dris R, Gasperi J, Mirande C, Mandin C, Guerrouache M, Langlois 
V, Tassin B (2017) A first overview of textile fibers, including 
microplastics, in indoor and outdoor environments. Environ Pol-
lut 221:453–458. https:// doi. org/ 10. 1016/j. envpol. 2016. 12. 013

Du H, Xie Y, Wang J (2021) Microplastic degradation methods and 
corresponding degradation mechanism: research status and future 
perspectives. J Hazard Mater 418:126377. https:// doi. org/ 10. 
1016/j. jhazm at. 2021. 126377

Duncan EM, Broderick AC, Fuller WJ, Galloway TS, Godfrey MH, 
Hamann M, Limpus CJ, Lindeque PK, Mayes AG, Omeyer LCM, 
Santillo D, Snape RTE, Godley BJ (2019) Microplastic inges-
tion ubiquitous in marine turtles. Glob Chang Biol 25:744–752. 
https:// doi. org/ 10. 1111/ gcb. 14519

Dyer S (2021) The fabric of civilization: how textiles made the world. 
Hist Today 71:97–99

Engelhardt AW (2020) The Fiber Year 2020 – Deceleration along the 
textile chain. https:// fiber journ al. com/ the- fiber- year- 2020- decel 
erati on- along- the- texti le- chain/

Fadare OO, Okoffo ED (2020) Covid-19 face masks: a potential source 
of microplastic fibers in the environment. Sci Total Environ 
737:140279. https:// doi. org/ 10. 1016/j. scito tenv. 2020. 140279

Finnegan AMD, Susserott R, Gabbott SE, Gouramanis C (2022) 
Man-made natural and regenerated cellulosic fibres greatly out-
number microplastic fibres in the atmosphere. Environ Pollut 
310:119808. https:// doi. org/ 10. 1016/j. envpol. 2022. 119808

Fleury JB, Baulin VA (2021) Microplastics destabilize lipid mem-
branes by mechanical stretching. Proc Natl Acad Sci U S A. 
https:// doi. org/ 10. 1073/ pnas. 21046 10118

Gago J, Carretero O, Filgueiras AV, Vinas L (2018) Synthetic microfib-
ers in the marine environment: a review on their occurrence in 
seawater and sediments. Mar Pollut Bull 127:365–376. https:// 
doi. org/ 10. 1016/j. marpo lbul. 2017. 11. 070

Gardner CM, Hoffman K, Stapleton HM, Gunsch CK (2020) Exposures 
to semivolatile organic compounds in indoor environments and 
associations with the gut microbiomes of children. Environ Sci 
Technol Lett 8:73–79. https:// doi. org/ 10. 1021/ acs. estle tt. 0c007 76

Garlapati D (2019) Comments on the paper “Marine microfiber pol-
lution: a review on present status and future challenges.” Mar 
Pollut Bull 141:187–187. https:// doi. org/ 10. 1016/j. marpo lbul. 
2019. 02. 043

Gill H, Rogers K, Rehman B, Moynihan J, Bergey EA (2018) Ciga-
rette butts may have low toxicity to soil-dwelling invertebrates: 
evidence from a land snail. Sci Total Environ 628–629:556–561. 
https:// doi. org/ 10. 1016/j. scito tenv. 2018. 02. 080

Gouin T, Cunliffe D, De France J, Fawell J, Jarvis P, Koelmans AA, 
Marsden P, Testai EE, Asami M, Bevan R, Carrier R, Cotruvo 
J, Eckhardt A, Ong CN (2021) Clarifying the absence of evi-
dence regarding human health risks to microplastic particles 
in drinking-water: high quality robust data wanted. Environ Int 
150:106141. https:// doi. org/ 10. 1016/j. envint. 2020. 106141

Green DS, Kregting L, Boots B (2020) Smoked cigarette butt leachate 
impacts survival and behaviour of freshwater invertebrates. Envi-
ron Pollut. https:// doi. org/ 10. 1016/j. envpol. 2020. 115286

Guzzetti E, Sureda A, Tejada S, Faggio C (2018) Microplastic in 
marine organism: environmental and toxicological effects. Envi-
ron Toxicol Pharmacol 64:164–171. https:// doi. org/ 10. 1016/j. 
etap. 2018. 10. 009

Hajiouni S, Mohammadi A, Ramavandi B, Arfaeinia H, De-la-Torre 
GE, Tekle-Rottering A, Dobaradaran S (2022) Occurrence of 
microplastics and phthalate esters in urban runoff: a focus on 
the Persian Gulf coastline. Sci Total Environ. https:// doi. org/ 10. 
1016/j. scito tenv. 2021. 150559

Haque F, Fan C (2022) Prospect of microplastic pollution control under 
the “New normal” concept beyond COVID-19 pandemic. J Clean 
Prod 367:133027. https:// doi. org/ 10. 1016/j. jclep ro. 2022. 133027

Hu E, Sun CS, Yang F, Wang YP, Hu LG, Wang LX, Li M, Gao L 
(2022a) Microplastics in 48 wastewater treatment plants reveal 
regional differences in physical characteristics and shape-
dependent removal in the transition zone between North and 
South China. Sci Total Environ. https:// doi. org/ 10. 1016/j. scito 
tenv. 2022. 155320

Hu T, Shen M, Tang W (2022b) Wet wipes and disposable surgical 
masks are becoming new sources of fiber microplastic pollution 
during global COVID-19. Environ Sci Pollut Res Int 29:284–
292. https:// doi. org/ 10. 1007/ s11356- 021- 17408-3

Hussain N, Kadir MM, Nafees AA, Karmaliani R, Jamali T (2019) 
Needs assessment regarding occupational health and safety 
interventions among textile workers: a qualitative case study in 
Karachi, Pakistan. J Pak Med Assoc 69:87–93

Il Kwak J, Liu HL, Wang DY, Lee YH, Lee JS, An YJ (2022) Criti-
cal review of environmental impacts of microfibers in different 
environmental matrices. Comp Biochem Phys C. https:// doi. org/ 
10. 1016/j. cbpc. 2021. 109196

Initiative BC (2020) Measuring cotton consumption: bci conversion 
factors and multipliers. Geneva, Switzerland: Better Cotton Ini-
tiative. 23pp. https:// bette rcott on. org/ wp- conte nt/ uploa ds/ 2022/ 
05/ Measu ring- Cotton- Consu mption_ Better- Cotton- Conve rsion- 
Facto rs- and- Multi pliers_ v2. pdf. Accessed 3 December 2022

ISO (2021a) Textiles and textile products — Microplastics from tex-
tile sources — Part 1: Determination of material loss from fab-
rics during washing. https:// www. iso. org/ stand ard/ 82238. html. 
Accessed 3 December 2022

ISO (2021b) Textiles and textile products — Microplastics from tex-
tile sources — Part 2: Qualitative and quantitative evaluation 
of microplastics.  https:// www. iso. org/ stand ard/ 80011. html. 
Accessed 3 December 2022

ISO (2021c) Textiles and textile products — Microplastics from tex-
tile sources — Part 3: Measurement of collected material mass 
released from textile end products by domestic washing method. 
https:// www. iso. org/ stand ard/ 81035. html. Accessed 3 December 
2022

James Johnson SM (2021) The world and united states cotton outlook. 
pp 1–21 https:// www. usda. gov/ sites/ defau lt/ files/ docum ents/ 
S21_ MacDo nald_ Cotton_ Outlo ok_ 02. pdf. Accessed 3 Decem-
ber 2022

Jenner LC, Rotchell JM, Bennett RT, Cowen M, Tentzeris V, Sadofsky 
LR (2022) Detection of microplastics in human lung tissue using 
μFTIR spectroscopy. Sci Total Environ. https:// doi. org/ 10. 1016/j. 
scito tenv. 2022. 154907

Jiang ZS, Huang LL, Fan YX, Zhou SF, Zou XM (2022) Contrasting 
effects of microplastic aging upon the adsorption of sulfonamides 
and its mechanism. Chem Eng J. https:// doi. org/ 10. 1016/j. cej. 
2021. 132939

Kapp KJ, Miller RZ (2020) Electric clothes dryers: an underestimated 
source of microfiber pollution. PLoS ONE 15:e0239165. https:// 
doi. org/ 10. 1371/ journ al. pone. 02391 65

Karanikas N, Hasan SMT (2022) Occupational Health & Safety and 
other worker wellbeing areas: Results from labour inspections in 

https://doi.org/10.1016/j.envpol.2021.116684
https://doi.org/10.1016/j.envpol.2021.116684
https://doi.org/10.1016/j.marpolbul.2022.113587
https://doi.org/10.1016/j.marpolbul.2022.113587
https://doi.org/10.1016/j.scitotenv.2020.139887
https://doi.org/10.1016/j.envpol.2016.12.013
https://doi.org/10.1016/j.jhazmat.2021.126377
https://doi.org/10.1016/j.jhazmat.2021.126377
https://doi.org/10.1111/gcb.14519
https://fiberjournal.com/the-fiber-year-2020-deceleration-along-the-textile-chain/
https://fiberjournal.com/the-fiber-year-2020-deceleration-along-the-textile-chain/
https://doi.org/10.1016/j.scitotenv.2020.140279
https://doi.org/10.1016/j.envpol.2022.119808
https://doi.org/10.1073/pnas.2104610118
https://doi.org/10.1016/j.marpolbul.2017.11.070
https://doi.org/10.1016/j.marpolbul.2017.11.070
https://doi.org/10.1021/acs.estlett.0c00776
https://doi.org/10.1016/j.marpolbul.2019.02.043
https://doi.org/10.1016/j.marpolbul.2019.02.043
https://doi.org/10.1016/j.scitotenv.2018.02.080
https://doi.org/10.1016/j.envint.2020.106141
https://doi.org/10.1016/j.envpol.2020.115286
https://doi.org/10.1016/j.etap.2018.10.009
https://doi.org/10.1016/j.etap.2018.10.009
https://doi.org/10.1016/j.scitotenv.2021.150559
https://doi.org/10.1016/j.scitotenv.2021.150559
https://doi.org/10.1016/j.jclepro.2022.133027
https://doi.org/10.1016/j.scitotenv.2022.155320
https://doi.org/10.1016/j.scitotenv.2022.155320
https://doi.org/10.1007/s11356-021-17408-3
https://doi.org/10.1016/j.cbpc.2021.109196
https://doi.org/10.1016/j.cbpc.2021.109196
https://bettercotton.org/wp-content/uploads/2022/05/Measuring-Cotton-Consumption_Better-Cotton-Conversion-Factors-and-Multipliers_v2.pdf
https://bettercotton.org/wp-content/uploads/2022/05/Measuring-Cotton-Consumption_Better-Cotton-Conversion-Factors-and-Multipliers_v2.pdf
https://bettercotton.org/wp-content/uploads/2022/05/Measuring-Cotton-Consumption_Better-Cotton-Conversion-Factors-and-Multipliers_v2.pdf
https://www.iso.org/standard/82238.html
https://www.iso.org/standard/80011.html
https://www.iso.org/standard/81035.html
https://www.usda.gov/sites/default/files/documents/S21_MacDonald_Cotton_Outlook_02.pdf
https://www.usda.gov/sites/default/files/documents/S21_MacDonald_Cotton_Outlook_02.pdf
https://doi.org/10.1016/j.scitotenv.2022.154907
https://doi.org/10.1016/j.scitotenv.2022.154907
https://doi.org/10.1016/j.cej.2021.132939
https://doi.org/10.1016/j.cej.2021.132939
https://doi.org/10.1371/journal.pone.0239165
https://doi.org/10.1371/journal.pone.0239165


 Reviews of Environmental Contamination and Toxicology (2022) 260:13

1 3

13 Page 14 of 16

the Bangladesh textile industry. Safety Sci 146:105533. https:// 
doi. org/ 10. 1016/j. ssci. 2021. 105533

Karkkainen N, Sillanpaa M (2021) Quantification of different micro-
plastic fibres discharged from textiles in machine wash and tum-
ble drying. Environ Sci Pollut R 28:16253–16263. https:// doi. 
org/ 10. 1007/ s11356- 020- 11988-2

Kash FS, Ramavandi B, Arfaeinia H, Mohammadi A, Saeedi R, De-
la-Torre GE, Dobaradaran S (2022) Occurrence and exposure 
assessment of microplastics in indoor dusts of buildings with 
different applications in Bushehr and Shiraz cities, Iran. Sci 
Total Environ 829:154651. https:// doi. org/ 10. 1016/j. scito tenv. 
2022. 154651

Kvale K, Prowe AEF, Chien CT, Landolfi A, Oschlies A (2021) Zoo-
plankton grazing of microplastic can accelerate global loss of 
ocean oxygen. Nat Commun 12:2358. https:// doi. org/ 10. 1038/ 
s41467- 021- 22554-w

Kvavadze E, Bar-Yosef O, Belfer-Cohen A, Boaretto E, Jakeli N, Mat-
skevich Z, Meshveliani T (2009) 30,000-Year-old wild flax fibers. 
Science 325:1359–1359. https:// doi. org/ 10. 1126/ scien ce. 11754 
04

Lai PS, Christiani DC (2013) Long-term respiratory health effects in 
textile workers. Curr Opin Pulm Med 19:152–157. https:// doi. 
org/ 10. 1097/ MCP. 0b013 e3283 5cee9a

Leslie HA, van Velzen MJM, Brandsma SH, Vethaak AD, Garcia-
Vallejo JJ, Lamoree MH (2022) Discovery and quantifica-
tion of plastic particle pollution in human blood. Environ Int 
163:107199. https:// doi. org/ 10. 1016/j. envint. 2022. 107199

Li Y, Shao L, Wang W, Zhang M, Feng X, Li W, Zhang D (2020) Air-
borne fiber particles: Types, size and concentration observed in 
Beijing. Sci Total Environ 705:135967. https:// doi. org/ 10. 1016/j. 
scito tenv. 2019. 135967

Li Y, Lu Q, Xing Y, Liu K, Ling W, Yang J, Yang Q, Wu T, Zhang 
J, Pei Z, Gao Z, Li X, Yang F, Ma H, Liu K, Zhao D (2022a) 
Review of research on migration, distribution, biological effects, 
and analytical methods of microfibers in the environment. Sci 
Total Environ. https:// doi. org/ 10. 1016/j. scito tenv. 2022a. 158922

Li Y, Wang XJ, Wang Y, Sun Y, Xia SQ, Zhao JF (2022b) Effect of 
biofilm colonization on Pb(II) adsorption onto poly(butylene suc-
cinate) microplastic during its biodegradation. Sci Total Environ. 
https:// doi. org/ 10. 1016/j. scito tenv. 2022. 155251

Liedermann M, Gmeiner P, Pessenlehner S, Haimann M, Hohenblum P, 
Habersack H (2018) A methodology for measuring microplastic 
transport in large or medium rivers. Water. https:// doi. org/ 10. 
3390/ w1004 0414

Lin K-S, Lin Y-G, Cheng H-W, Haung Y-H (2018) Preparation and 
characterization of V-Loaded titania nanotubes for adsorption/
photocatalysis of basic dye and environmental hormone contami-
nated wastewaters. Catal Today 307:119–130. https:// doi. org/ 10. 
1016/j. cattod. 2017. 05. 075

Liu C, Li J, Zhang Y, Wang L, Deng J, Gao Y, Yu L, Zhang J, Sun H 
(2019a) Widespread distribution of PET and PC microplastics in 
dust in urban China and their estimated human exposure. Environ 
Int 128:116–124. https:// doi. org/ 10. 1016/j. envint. 2019. 04. 024

Liu J, Liang J, Ding J, Zhang G, Zeng X, Yang Q, Zhu B, Gao W 
(2021) Microfiber pollution: an ongoing major environmental 
issue related to the sustainable development of textile and cloth-
ing industry. Environ Dev Sustain 23:11240–11256. https:// doi. 
org/ 10. 1007/ s10668- 020- 01173-3

Liu J, Zhao X, Yang Y, Yang Q, Zhu B, Gao W, Wang S, Li Z (2019b) 
Beyond the definition of microfiber pollution is more research. 
AATCC Review 19:49–52. https:// doi. org/ 10. 14504/ ar. 19.4.3

Liu JL, Yang YF, Ding JN, Zhu B, Gao WD (2019c) Microfibers: 
a preliminary discussion on their definition and sources. Envi-
ron Sci Pollut R 26:29497–29501. https:// doi. org/ 10. 1007/ 
s11356- 019- 06265-w

Liu K, Wang X, Song Z, Wei N, Ye H, Cong X, Zhao L, Li Y, Qu L, 
Zhu L, Zhang F, Zong C, Jiang C, Li D (2020) Global inventory 
of atmospheric fibrous microplastics input into the ocean: an 
implication from the indoor origin. J Hazard Mater 400:123223. 
https:// doi. org/ 10. 1016/j. jhazm at. 2020. 123223

Malinauskiene L, Bruze M, Ryberg K, Zimerson E, Isaksson M (2013) 
Contact allergy from disperse dyes in textiles: a review. Contact 
Dermatitis 68:65–75. https:// doi. org/ 10. 1111/ cod. 12001

Memon I, Panhwar A, Rohra DK, Azam SI, Khan N (2008) Prevalence 
of byssinosis in spinning and textile workers of Karachi, Paki-
stan. Arch Environ Occup Health 63:137–142. https:// doi. org/ 10. 
3200/ AEOH. 63.3. 137- 142

Mishra S, Dash D, Al-Tawaha ARMS, Das AP (2022) A review on 
heavy metal ion adsorption on synthetic microfiber surface in 
aquatic environments. Appl Biochem Biotech. https:// doi. org/ 
10. 1007/ s12010- 022- 04029-w

Mishra S, Rath CC, Das AP (2019) Marine microfiber pollution: a 
review on present status and future challenges. Mar Pollut Bull 
140:188–197. https:// doi. org/ 10. 1016/j. marpo lbul. 2019. 01. 039

Murlidhar V, Murlidhar VJ, Kanhere V (1995) Byssinosis in a Bombay 
textile mill. Natl Med J India 8:204–207

Muthu SS (2017) Sustainnable fibres and textiles. Woodhead Publish-
ing, Cambridge, MA

Napper IE, Thompson RC (2016) Release of synthetic microplastic 
plastic fibres from domestic washing machines: Effects of fabric 
type and washing conditions. Mar Pollut Bull 112:39–45. https:// 
doi. org/ 10. 1016/j. marpo lbul. 2016. 09. 025

Neves D, Sobral P, Ferreira JL, Pereira T (2015) Ingestion of micro-
plastics by commercial fish off the Portuguese coast. Mar Pollut 
Bull 101:119–126. https:// doi. org/ 10. 1016/j. marpo lbul. 2015. 11. 
008

Nor NHM, Kooi M, Diepens NJ, Koelmans AA (2021) Lifetime accu-
mulation of microplastic in children and adults. Environ Sci 
Technol 55:5084–5096. https:// doi. org/ 10. 1021/ acs. est. 0c073 84

Peeken I, Primpke S, Beyer B, Gutermann J, Katlein C, Krumpen 
T, Bergmann M, Hehemann L, Gerdts G (2018) Arctic sea 
ice is an important temporal sink and means of transport for 
microplastic. Nat Commun 9:1505. https:// doi. org/ 10. 1038/ 
s41467- 018- 03825-5

Peixoto D, Pinheiro C, Amorim J, Oliva-Teles L, Guilhermino L, Vieira 
MN (2019) Microplastic pollution in commercial salt for human 
consumption: a review. Estuar Coast Shelf Sci 219:161–168. 
https:// doi. org/ 10. 1016/j. ecss. 2019. 02. 018

Periyasamy AP, Tehrani-Bagha A (2022) A review on microplastic 
emission from textile materials and its reduction techniques. 
Polym Degrad Stabil. https:// doi. org/ 10. 1016/j. polym degra dstab. 
2022. 109901

Prata JC, Silva ALP, Walker TR, Duarte AC, Rocha-Santos T (2020) 
COVID-19 Pandemic Repercussions on the Use and Manage-
ment of Plastics. Environ Sci Technol 54:7760–7765. https:// doi. 
org/ 10. 1021/ acs. est. 0c021 78

Provencher JF, Vermaire JC, Avery-Gomm S, Braune BM, Mallory ML 
(2018) Garbage in guano? Microplastic debris found in faecal 
precursors of seabirds known to ingest plastics. Sci Total Environ 
644:1477–1484. https:// doi. org/ 10. 1016/j. scito tenv. 2018. 07. 101

Ramasamy R, Subramanian RB (2021) Synthetic textile and micro-
fiber pollution: a review on mitigation strategies. Environ 
Sci Pollut Res Int 28:41596–41611. https:// doi. org/ 10. 1007/ 
s11356- 021- 14763-z

Rathinamoorthy R, Balasaraswathi SR (2021) A review of the current 
status of microfiber pollution research in textiles. Int J Cloth Sci 
Tech 33:364–387. https:// doi. org/ 10. 1108/ Ijcst- 04- 2020- 0051

Rochman CM, Hoellein T (2020) The global odyssey of plastic pollu-
tion. Science 368:1184–1185. https:// doi. org/ 10. 1126/ scien ce. 
abc44 28

https://doi.org/10.1016/j.ssci.2021.105533
https://doi.org/10.1016/j.ssci.2021.105533
https://doi.org/10.1007/s11356-020-11988-2
https://doi.org/10.1007/s11356-020-11988-2
https://doi.org/10.1016/j.scitotenv.2022.154651
https://doi.org/10.1016/j.scitotenv.2022.154651
https://doi.org/10.1038/s41467-021-22554-w
https://doi.org/10.1038/s41467-021-22554-w
https://doi.org/10.1126/science.1175404
https://doi.org/10.1126/science.1175404
https://doi.org/10.1097/MCP.0b013e32835cee9a
https://doi.org/10.1097/MCP.0b013e32835cee9a
https://doi.org/10.1016/j.envint.2022.107199
https://doi.org/10.1016/j.scitotenv.2019.135967
https://doi.org/10.1016/j.scitotenv.2019.135967
https://doi.org/10.1016/j.scitotenv.2022a.158922
https://doi.org/10.1016/j.scitotenv.2022.155251
https://doi.org/10.3390/w10040414
https://doi.org/10.3390/w10040414
https://doi.org/10.1016/j.cattod.2017.05.075
https://doi.org/10.1016/j.cattod.2017.05.075
https://doi.org/10.1016/j.envint.2019.04.024
https://doi.org/10.1007/s10668-020-01173-3
https://doi.org/10.1007/s10668-020-01173-3
https://doi.org/10.14504/ar.19.4.3
https://doi.org/10.1007/s11356-019-06265-w
https://doi.org/10.1007/s11356-019-06265-w
https://doi.org/10.1016/j.jhazmat.2020.123223
https://doi.org/10.1111/cod.12001
https://doi.org/10.3200/AEOH.63.3.137-142
https://doi.org/10.3200/AEOH.63.3.137-142
https://doi.org/10.1007/s12010-022-04029-w
https://doi.org/10.1007/s12010-022-04029-w
https://doi.org/10.1016/j.marpolbul.2019.01.039
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1016/j.marpolbul.2016.09.025
https://doi.org/10.1016/j.marpolbul.2015.11.008
https://doi.org/10.1016/j.marpolbul.2015.11.008
https://doi.org/10.1021/acs.est.0c07384
https://doi.org/10.1038/s41467-018-03825-5
https://doi.org/10.1038/s41467-018-03825-5
https://doi.org/10.1016/j.ecss.2019.02.018
https://doi.org/10.1016/j.polymdegradstab.2022.109901
https://doi.org/10.1016/j.polymdegradstab.2022.109901
https://doi.org/10.1021/acs.est.0c02178
https://doi.org/10.1021/acs.est.0c02178
https://doi.org/10.1016/j.scitotenv.2018.07.101
https://doi.org/10.1007/s11356-021-14763-z
https://doi.org/10.1007/s11356-021-14763-z
https://doi.org/10.1108/Ijcst-04-2020-0051
https://doi.org/10.1126/science.abc4428
https://doi.org/10.1126/science.abc4428


Reviews of Environmental Contamination and Toxicology (2022) 260:13 

1 3

Page 15 of 16 13

Roscher L, Halbach M, Nguyen MT, Hebeler M, Luschtinetz F, Scholz-
Bottcher BM, Primpke S, Gerdts G (2022) Microplastics in two 
German wastewater treatment plants: Year-long effluent analysis 
with FTIR and Py-GC/MS. Sci Total Environ. https:// doi. org/ 10. 
1016/j. scito tenv. 2021. 152619

Sait STL, Sorensen L, Kubowicz S, Vike-Jonas K, Gonzalez SV, Asi-
makopoulos AG, Booth AM (2021) Microplastic fibres from syn-
thetic textiles: Environmental degradation and additive chemical 
content. Environ Pollut 268:115745. https:// doi. org/ 10. 1016/j. 
envpol. 2020. 115745

Salvador Cesa F, Turra A, Baruque-Ramos J (2017) Synthetic fibers as 
microplastics in the marine environment: A review from textile 
perspective with a focus on domestic washings. Sci Total Environ 
598:1116–1129. https:// doi. org/ 10. 1016/j. scito tenv. 2017. 04. 172

Sánchez LD (2020) France is leading the fight against plastic microfib-
ers - Ocean clean wash. https:// www. ocean clean wash. org/ 2020/ 
02/ france- is- leadi ng- the- fight- again st- plast ic- micro fibers/ 2020

Sandin G, Peters GM (2018) Environmental impact of textile reuse and 
recycling - a review. J Clean Prod 184:353–365. https:// doi. org/ 
10. 1016/j. jclep ro. 2018. 02. 266

Schwabl P, Koppel S, Konigshofer P, Bucsics T, Trauner M, Reiberger 
T, Liebmann B (2019) Detection of various microplastics in 
human stool: a prospective case series. Ann Intern Med 171:453–
457. https:// doi. org/ 10. 7326/ M19- 0618

Shan W, Li BB, Zhang HC, Zhang ZH, Wang Y, Gao ZY, Li J (2022) 
Distribution, characteristics and daily fluctuations of microplas-
tics throughout wastewater treatment plants with mixed domes-
tic-industrial influents in Wuxi City. China Front Env Sci Eng. 
https:// doi. org/ 10. 1007/ s11783- 021- 1440-4

Shen M, Li Y, Song B, Zhou C, Gong J, Zeng G (2021) Smoked ciga-
rette butts: Unignorable source for environmental microplastic 
fibers. Sci Total Environ 791:148384. https:// doi. org/ 10. 1016/j. 
scito tenv. 2021. 148384

Sherman P, van Sebille E (2016) Modeling marine surface microplastic 
transport to assess optimal removal locations. Environ Res Lett. 
https:// doi. org/ 10. 1088/ 1748- 9326/ 11/1/ 014006

Shirvanimoghaddam K, Motamed B, Ramakrishna S, Naebe M (2020) 
Death by waste: fashion and textile circular economy case. Sci 
Total Environ 718:137317. https:// doi. org/ 10. 1016/j. scito tenv. 
2020. 137317

Shruti VC, Pérez-Guevara F, Kutralam-Muniasamy G (2021) Wet 
wipes contribution to microfiber contamination under COVID-19 
era: an important but overlooked problem. Environmental Chal-
lenges. https:// doi. org/ 10. 1016/j. envc. 2021. 100267

Simon N, Raubenheimer K, Urho N, Unger S, Azoulay D, Farrelly 
T, Sousa J, van Asselt H, Carlini G, Sekomo C, Schulte ML, 
Busch PO, Wienrich N, Weiand L (2021) A binding global 
agreement to address the life cycle of plastics. Science 373:43–
47. https:// doi. org/ 10. 1126/ scien ce. abi90 10

Singh N, Tang YY, Ogunseitan OA (2020) Environmentally sus-
tainable management of used personal protective equipment. 
Environ Sci Technol 54:8500–8502. https:// doi. org/ 10. 1021/ 
acs. est. 0c030 22

Smith J, Vignieri S (2021) A devil’s bargain. Science 373:34–35. 
https:// doi. org/ 10. 1126/ scien ce. abj90 99

Song G (2011) Improving comfort in clothing. Woodhead Publishing 
Limited, Oxford, Philadelphia. https:// doi. org/ 10. 1533/ 97808 
57090 645. front matter

Stanton T, Johnson M, Nathanail P, MacNaughtan W, Gomes RL 
(2019) Freshwater and airborne textile fibre populations are 
dominated by “natural”, not microplastic, fibres. Sci Total 
Environ 666:377–389. https:// doi. org/ 10. 1016/j. scito tenv. 
2019. 02. 278

Stubbins A, Law KL, Munosz SE, Bianchi TS, Zhu L (2021) Plas-
tics in the Earth system. Science 373:51–55. https:// doi. org/ 
10. 1126/ scien ce. abb03 54

Suaria G, Achtypi A, Perold V, Lee JR, Pierucci A, Bornman TG, 
Aliani S, Ryan PG (2020) Microfibers in oceanic surface 
waters: a global characterization. Sci Adv. https:// doi. org/ 10. 
1126/ sciadv. aay84 93

Sui M, Lu Y, Wang Q, Hu L, Huang X, Liu X (2020) Distribution 
patterns of microplastics in various tissues of the Zhikong scal-
lop (Chlamys farreri) and in the surrounding culture seawater. 
Mar Pollut Bull 160:111595. https:// doi. org/ 10. 1016/j. marpo 
lbul. 2020. 111595

Sun J, Dai XH, Wang QL, van Loosdrecht MCM, Ni BJ (2019) 
Microplastics in wastewater treatment plants: detection, occur-
rence and removal. Water Res 152:21–37. https:// doi. org/ 10. 
1016/j. watres. 2018. 12. 050

Sun X, Liu T, Zhu M, Liang J, Zhao Y, Zhang B (2018) Retention 
and characteristics of microplastics in natural zooplankton taxa 
from the East China Sea. Sci Total Environ 640–641:232–242. 
https:// doi. org/ 10. 1016/j. scito tenv. 2018. 05. 308

Sun XX, Li QJ, Zhu ML, Liang JH, Zheng S, Zhao YF (2017) 
Ingestion of microplastics by natural zooplankton groups in 
the northern South China Sea. Mar Pollut Bull 115:217–224. 
https:// doi. org/ 10. 1016/j. marpo lbul. 2016. 12. 004

Takdastan A, Niari MH, Babaei A, Dobaradaran S, Jorfi S, Ahmadi 
M (2021) Occurrence and distribution of microplastic particles 
and the concentration of Di 2-ethyl hexyl phthalate (DEHP) 
in microplastics and wastewater in the wastewater treatment 
plant. J Environ Manage. https:// doi. org/ 10. 1016/j. jenvm an. 
2020. 111851

Too CL, Muhamad NA, Ilar A, Padyukov L, Alfredsson L, Klareskog 
L, Murad S, Bengtsson C, My ESG (2016) Occupational expo-
sure to textile dust increases the risk of rheumatoid arthritis: 
results from a Malaysian population-based case-control study. 
Ann Rheum Dis 75:997–1002. https:// doi. org/ 10. 1136/ annrh 
eumdis- 2015- 208278

Torres-Agullo A, Karanasiou A, Moreno T, Lacorte S (2021) Over-
view on the occurrence of microplastics in air and implications 
from the use of face masks during the COVID-19 pandemic. 
Sci Total Environ 800:149555. https:// doi. org/ 10. 1016/j. scito 
tenv. 2021. 149555

Uzun P, Farazande S, Guven B (2022) Mathematical modeling of 
microplastic abundance, distribution, and transport in water 
environments: a review. Chemosphere 288:132517. https:// doi. 
org/ 10. 1016/j. chemo sphere. 2021. 132517

van Dijk F, Van Eck G, Cole M, Salvati A, Bos S, Gosens R, Mel-
gert B (2020) Exposure to textile microplastic fibers impairs 
epithelial growth. Eur Respir J. https:// doi. org/ 10. 1183/ 13993 
003. congr ess- 2020. 1972

Vroom RJE, Koelmans AA, Besseling E, Halsband C (2017) Aging 
of microplastics promotes their ingestion by marine zooplank-
ton. Environ Pollut 231:987–996. https:// doi. org/ 10. 1016/j. 
envpol. 2017. 08. 088

Wang C, O’Connor D, Wang L, Wu WM, Luo J, Hou D (2022) 
Microplastics in urban runoff: global occurrence and fate. 
Water Res 225:119129. https:// doi. org/ 10. 1016/j. watres. 2022. 
119129

Wisniowska E, Wlodarczyk-Makula M (2022) Evaluation of the 
adsorption efficiency of carcinogenic PAHs on microplastic 
(polyester) fibers-preliminary results. Appl Water Sci. https:// 
doi. org/ 10. 1007/ s13201- 022- 01654-y

Woods MN, Stack ME, Fields DM, Shaw SD, Matrai PA (2018) 
Microplastic fiber uptake, ingestion, and egestion rates in the 
blue mussel (Mytilus edulis). Mar Pollut Bull 137:638–645. 
https:// doi. org/ 10. 1016/j. marpo lbul. 2018. 10. 061

Wright SL, Ulke J, Font A, Chan KLA, Kelly FJ (2020) Atmospheric 
microplastic deposition in an urban environment and an evalu-
ation of transport. Environ Int 136:105411. https:// doi. org/ 10. 
1016/j. envint. 2019. 105411

https://doi.org/10.1016/j.scitotenv.2021.152619
https://doi.org/10.1016/j.scitotenv.2021.152619
https://doi.org/10.1016/j.envpol.2020.115745
https://doi.org/10.1016/j.envpol.2020.115745
https://doi.org/10.1016/j.scitotenv.2017.04.172
https://www.oceancleanwash.org/2020/02/france-is-leading-the-fight-against-plastic-microfibers/
https://www.oceancleanwash.org/2020/02/france-is-leading-the-fight-against-plastic-microfibers/
https://doi.org/10.1016/j.jclepro.2018.02.266
https://doi.org/10.1016/j.jclepro.2018.02.266
https://doi.org/10.7326/M19-0618
https://doi.org/10.1007/s11783-021-1440-4
https://doi.org/10.1016/j.scitotenv.2021.148384
https://doi.org/10.1016/j.scitotenv.2021.148384
https://doi.org/10.1088/1748-9326/11/1/014006
https://doi.org/10.1016/j.scitotenv.2020.137317
https://doi.org/10.1016/j.scitotenv.2020.137317
https://doi.org/10.1016/j.envc.2021.100267
https://doi.org/10.1126/science.abi9010
https://doi.org/10.1021/acs.est.0c03022
https://doi.org/10.1021/acs.est.0c03022
https://doi.org/10.1126/science.abj9099
https://doi.org/10.1533/9780857090645.frontmatter
https://doi.org/10.1533/9780857090645.frontmatter
https://doi.org/10.1016/j.scitotenv.2019.02.278
https://doi.org/10.1016/j.scitotenv.2019.02.278
https://doi.org/10.1126/science.abb0354
https://doi.org/10.1126/science.abb0354
https://doi.org/10.1126/sciadv.aay8493
https://doi.org/10.1126/sciadv.aay8493
https://doi.org/10.1016/j.marpolbul.2020.111595
https://doi.org/10.1016/j.marpolbul.2020.111595
https://doi.org/10.1016/j.watres.2018.12.050
https://doi.org/10.1016/j.watres.2018.12.050
https://doi.org/10.1016/j.scitotenv.2018.05.308
https://doi.org/10.1016/j.marpolbul.2016.12.004
https://doi.org/10.1016/j.jenvman.2020.111851
https://doi.org/10.1016/j.jenvman.2020.111851
https://doi.org/10.1136/annrheumdis-2015-208278
https://doi.org/10.1136/annrheumdis-2015-208278
https://doi.org/10.1016/j.scitotenv.2021.149555
https://doi.org/10.1016/j.scitotenv.2021.149555
https://doi.org/10.1016/j.chemosphere.2021.132517
https://doi.org/10.1016/j.chemosphere.2021.132517
https://doi.org/10.1183/13993003.congress-2020.1972
https://doi.org/10.1183/13993003.congress-2020.1972
https://doi.org/10.1016/j.envpol.2017.08.088
https://doi.org/10.1016/j.envpol.2017.08.088
https://doi.org/10.1016/j.watres.2022.119129
https://doi.org/10.1016/j.watres.2022.119129
https://doi.org/10.1007/s13201-022-01654-y
https://doi.org/10.1007/s13201-022-01654-y
https://doi.org/10.1016/j.marpolbul.2018.10.061
https://doi.org/10.1016/j.envint.2019.105411
https://doi.org/10.1016/j.envint.2019.105411


 Reviews of Environmental Contamination and Toxicology (2022) 260:13

1 3

13 Page 16 of 16

Wu P, Li J, Lu X, Tang Y, Cai Z (2022) Release of tens of thou-
sands of microfibers from discarded face masks under simu-
lated environmental conditions. Sci Total Environ 806:150458. 
https:// doi. org/ 10. 1016/j. scito tenv. 2021. 150458

Xu Y, Chan FKS, Stanton T, Johnson MF, Kay P, He J, Wang J, 
Kong C, Wang Z, Liu D, Xu Y (2021) Synthesis ofdominant 
plastic microfibre prevalence and pollution control feasibility 
in Chinese freshwater environments. Scienceof The Total Envi-
ronment 783. https:// doi. org/ 10. 1016/j. scito tenv. 2021. 146863

Yousef S, Eimontas J, Striūgas N, Mohamed A, Abdelnaby MA 
(2021) Morphology, compositions, thermal behaviorand kinet-
ics of pyrolysis of lint-microfibers generated from clothes 
dryer. Journal of Analytical and Applied Pyrolysis. 155. https:// 
doi. org/ 10. 1016/j. jaap. 2021. 105037

Yang Y, Liu G, Song W, Ye C, Lin H, Li Z, Liu W (2019) Plastics in 
the marine environment are reservoirs for antibiotic and metal 
resistance genes. Environ Int 123:79–86. https:// doi. org/ 10. 
1016/j. envint. 2018. 11. 061

Zantis LJ, Carroll EL, Nelms SE, Bosker T (2021) Marine mammals 
and microplastics: a systematic review and call for standardi-
sation. Environ Pollut 269:116142. https:// doi. org/ 10. 1016/j. 
envpol. 2020. 116142

Zele YT, Kumie A, Deressa W, Bratveit M, Moen BE (2021) 
Registered health problems and demographic profile of 
integrated textile factory workers in Ethiopia: a cross-sec-
tional study. BMC Public Health. https:// doi. org/ 10. 1186/ 
s12889- 021- 11556-4

Zhang J, Wang L, Trasande L, Kannan K (2021) Occurrence of 
polyethylene terephthalate and polycarbonate microplastics in 

infant and adult feces. Environ Sci Technol Lett. https:// doi. 
org/ 10. 1021/ acs. estle tt. 1c005 59

Zhang Q, Xu EG, Li J, Chen Q, Ma L, Zeng EY, Shi H (2020) A 
review of microplastics in table salt, drinking water, and air: 
direct human exposure. Environ Sci Technol 54:3740–3751. 
https:// doi. org/ 10. 1021/ acs. est. 9b045 35

Zhao M, Huang L, Arulmani SRB, Yan J, Wu LR, Wu T, Zhang HG, 
Xiao TF (2022) Adsorption of different pollutants by using 
microplastic with different influencing factors and mechanisms 
in wastewater: a review. Nanomaterials-Basel. https:// doi. org/ 
10. 3390/ nano1 21322 56

Zhou H, Zhou L, Ma K (2020) Microfiber from textile dye-
ing and printing wastewater of a typical industrial park in 
China: Occurrence, removal and release. Sci Total Environ 
739:140329. https:// doi. org/ 10. 1016/j. scito tenv. 2020. 140329

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1016/j.scitotenv.2021.150458
https://doi.org/10.1016/j.scitotenv.2021.146863
https://doi.org/10.1016/j.jaap.2021.105037
https://doi.org/10.1016/j.jaap.2021.105037
https://doi.org/10.1016/j.envint.2018.11.061
https://doi.org/10.1016/j.envint.2018.11.061
https://doi.org/10.1016/j.envpol.2020.116142
https://doi.org/10.1016/j.envpol.2020.116142
https://doi.org/10.1186/s12889-021-11556-4
https://doi.org/10.1186/s12889-021-11556-4
https://doi.org/10.1021/acs.estlett.1c00559
https://doi.org/10.1021/acs.estlett.1c00559
https://doi.org/10.1021/acs.est.9b04535
https://doi.org/10.3390/nano12132256
https://doi.org/10.3390/nano12132256
https://doi.org/10.1016/j.scitotenv.2020.140329

	Microfiber Pollution in the Earth System
	Abstract
	Introduction
	Definition of Microfiber Pollutant
	Review Methods
	Potential Sources of Microfiber Pollution
	Domestic Washing was Initially Identified as the Primary Source
	Fiber Losses in the Textiles and Apparel Industry have been Underestimated
	Clothes Dryers, Face Masks, Wet Wipes, and Cigarette Butts are Emerging Sources

	Microfibers in the Ocean
	Microfibers in the Atmosphere
	The Potential Human Exposures
	The Way Forward
	A Binding Global Agreement
	Legislation on Microfiber Pollution
	Development of Technical Standards on Microfiber Pollution
	Addressing Microfiber Pollution Through Circular Economy

	Conclusions
	Future Outlook
	References




