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Abstract
The demand of wet wipes and masks has been rising worldwide since the outbreak of global COVID-19; however, with more 
reports about improper handling of wipes and masks, their potential threats to the environment are gradually emerging. Wipes 
and masks are made of a large number of plastic fibers, which are easily broken and fragmented into microplastic fibers under 
the influence of environmental factors. Weathered wipes or masks can release billions of microplastic fibers, which is a great 
challenge to the local ecological security. Wipes and masks as new microplastic pollution sources and their potential role 
in the ecosystem have not been fully recognized and considered. Microplastic fiber pollution is a huge environmental issue, 
and how to prevent a large number of discarded wipes and masks from entering the environment and how to deal with them 
are an important issue for all countries and regions in the world. In the post era of global COVID-19, disposable wipes and 
masks, as new sources of environmental microplastic fiber pollution, should be given concern. It is urgent to recognize this 
potential environmental threat and prevent it from becoming the next microplastic problem.
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Concerns of global fiber microplastic 
pollution

As an emerging environmental pollutant, microplastics have 
been attracting the public attention (Thompson et al. 2004; 
Shen et al. 2020). With the rise of the “plastic” era, a large 
of number of microplastics and even nanoplastics enter the 
environment, which makes microplastics continue to accu-
mulate in the environment and cause potential harms to the 
ecosystem (Bouwmeester et al. 2015; Browne et al. 2011). 

At the same time, microplastics can change the environmen-
tal behavior of pollutants by adsorbing a large amount of 
heavy metals (Hodson et al. 2017; Koelmans et al. 2016; 
Shen et al. 2021a), persistent organic pollutants (Koelmans 
et al. 2013; Velzeboer et al. 2014) and microorganisms 
(Kirstein et al. 2016; Shen et al. 2019a) in the environment, 
further affecting environment health. In 2015, the problem of 
microplastic has been listed as the second largest scientific 
problem in the field of environmental and ecological sci-
ences (Horton et al. 2017).

Fiber microplastics have been proved to be the main 
microplastic pollutants in water environment in a lot of pre-
vious studies, and the main components of microfibers are 
polyamide (PA), polyethylene terephthalate (PET), poly-
ethylene (PE) and polypropylene (PP), respectively (Briain 
et al. 2020; Lares et al. 2018). In addition to the weathering 
and degradation of fishing line and nets discarded in the 
environment, these microfibers come from the shedding of 
fine fibers in the washing process of synthetic fiber fabrics. 
At present, the global emission of microplastic pollution is 
about 0.8–2.5 million tons per year, of which the shedding 
microfibers from textiles account for about 34.8% (0.52 mil-
lion tons) (Xu et al. 2020). It is estimated that about 7×105 
microfibers will be released from each 6 kg synthetic fab-
ric washed by a household washing machine (Napper and 
Thompson 2016). Due to the influence of season, detergent, 
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water quality, clothing freshness and other factors on the 
release of fiber microplastics during laundry (De Falco 
et al. 2018), it is difficult to control and estimate the fiber 
microplastics. Fiber microplastics are released in the whole 
life of cycle of textile production and the whole process of 
textile use and final disposal (Murphy et al. 2016). Addi-
tionally, cigarette butts, made of cellulose acetate plastic 
and usually composed of 15,000 strands of fibers, are also 
a potential source of fiber microplastics in the environment 
(Novotny et al. 2009). At present, global tobacco consump-
tion has reached about 6 trillion cigarettes per year, and it 
is estimated that three-fourths of cigarette butts have not 
been properly handled (Belzagui et al., 2021). Accordingly, 
about 8.45×105 tons (5.6 trillions) of cigarette butts are dis-
carded in the world every year (Parker and Rayburn 2017). 
Therefore, these potential sources of fiber microplastics in 
the environment must be vigilant and controlled.

Unfortunately, a new source of fiber microplastics in 
the environment is coming quietly. Since the outbreak and 
spread of COVID-19, the consumption of protective prod-
ucts such as disposable wet wipes and disposable surgical 
masks has increased sharply. It is estimated that there are 
about 129 billion masks used every month in the world dur-
ing COVID-19, most of which are disposable masks made 
using microplastic fibers (Prata et al. 2020). Disposable sur-
gical masks are made of PP fibers (Aragaw 2020), which is 
a kind of microplastic commonly found in the environment. 
The public does not know that disposable wet wipes are 
mostly made of plastic and cannot be degraded in the envi-
ronment. These wipes are thrown away in the environment 
after use by the way of discarding the facial tissue. Once in 
the environment, these discarded masks and wipes will be 
vulnerable to radiation and heat, and the fiber microplastics 
will be released from the matrix. Fiber microplastics are 
more likely to break in the environment, thereby resulting 
in the release of a large amount of secondary microplastics, 
which further aggravates the pollution of microplastics. If 
not properly collected and managed, wipes and masks can 
be transported from land to freshwater and marine environ-
ments via surface runoff, wind and human activities (Han 
and He 2021; Saliu et al. 2021). Like other plastic frag-
ments and microplastics, wipes and masks may accumulate 
and release harmful chemical substances, such as bisphenol 
A, dye and heavy metals (Sullivan et al. 2021). A new and 
bigger problem is that wipes and masks are made from plas-
tic fibers. When decomposed in the natural environment, 
wipes and masks can release more microplastics (Wang 
et al. 2021), which are easier and faster than plastic bags and 
boxes (Ma et al. 2021; Shen et al. 2021b). Furthermore, the 
new generation of nano masks uses nano-sized plastic fibers 
and adds new sources of nanoplastic fiber pollution, which 
may worsen the effect (Xu and Ren 2021). Indeed, wet wipes 
would only cause microfiber pollution to a low extent, but a 

large number of discarded wet wipes into the environment 
is also a problem that cannot be ignored during COVID-19. 
Meanwhile, limited information on the degradation of wipes 
and masks in the environment can be obtained. With more 
and more reports about improper handling of masks and 
wipes, it is urgent to recognize this potential environmental 
threat and prevent it from becoming the next microplastic 
problem. The aim of this paper is to evaluate the potential 
sources of discarded wipes and masks as environmental 
fiber microplastics and the potential ecological effects of 
the released microplastic fibers on the ecosystem.

Are wet wipes and disposable surgical masks 
a new problem to the environment?

The white pollution caused by plastics has become a “stub-
born disease” of the environment, and the harm is still 
expanding. In recent years, especially since COVID-19 out-
breaks, the consumption of disposable wet wipes and dis-
posable surgical masks has dramatically increased (World 
Health Organization 2020). The main components of per-
sonal protective products on the market, such as wipes and 
masks, are mostly nonwoven fabrics, which are based on 
plastic fiber (Briain et al., 2020). Due to the fact that the 
ingredients of wipes and most masks are only marked as 
“nonwoven” in the packaging, the public is not aware of the 
ingredients of wipes, masks and other protective articles on 
the market. Notably, new application of nonwoven fabrics 
may bring new challenges. Recently, the release mechanisms 
and influencing factors of microplastics from disposable 
medical masks have been thoroughly discussed (Sullivan 
et al. 2021; Wu et al. 2021). However, limited information 
can be available on the release of microplastic fibers from 
wet wipes. The fibers in wipes are not arranged closely and 
are easy to be separated from the matrix under the action of 
external force. First of all, the wipes seem to be an improve-
ment on the old toilet paper, but they will bring a lot of prob-
lems to the sewer system. The public is less aware that toilet 
paper is made of wood pulp mixed with other materials and 
is made extremely thin. The purpose of this is to make it rot 
when it meets water and some of it even dissolves in water, 
so as not to block the downpipe. After that, the domestic 
sewage is transported to the sewage treatment plant, where 
the sewage will reach the discharge standard through a series 
of treatment. However, wet wipes are different, and they 
are made of nonwovens, fabrics, dust-free paper or other 
raw materials as carriers, purified water as production water 
and appropriate amount of preservatives and other auxiliary 
materials. Therefore, they are not easy to rot in water and are 
not easy to be degraded by microorganisms. In real life, peo-
ple do not realize that wet tissue should not be washed down 
into the toilet, and it is easy to throw it directly into the sewer 
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like toilet paper. But in fact, just a small amount of wipes can 
clog drains and sewers. Once these wipes are mixed with fat 
or oil, the subsequent blockage in the sewer becomes large, 
which narrows the pipe and gradually blocks it (Briain et al. 
2020). Even though it is flushable, it still can cause serious 
environmental pollution. The research clearly showed that 
these nonwovens are not easy to decompose with the distur-
bance of water body and are not suitable for flushing toilets 
(Khan et al. 2019). Wipes can be broken because of mechan-
ical mixing defects, residual stress and absolute stress in the 
wastewater treatment plant (Enfrin et al. 2020). Wet wipes 
and other macro debris can cause operational problems in 
the sewer system by forming long fibers. These structures 
block the normal sewage channels and have adverse influ-
ences on the microbial community and biological processes 
in the wastewater treatment systems (Briain et al. 2020). The 
most worrying thing is that the public do not pay as much 
attention to the current wipes’ pollution as they do to the 
“white pollution”. The treatment of this pollution level is no 

less than the high pollution of plastic products, just like the 
treatment of degradable paper towel, randomly discarded, 
randomly landfilled and randomly disposed.

Additionally, the outbreak of COVID-19 renders the 
recovery of disposable plastic products, disposable surgical 
masks, in the world. Evidence has shown that a large num-
ber of disposable surgical masks are randomly discarded in 
the city lanes, blocking the sewage pipes, thus aggravating 
the current environmental challenges (Aragaw 2020). These 
masks inside the waste surface are transported to the water 
body through surface runoff and wind (Fadare and Okoffo 
2020). As a result of the emergence of COVID-19, the pub-
lic use mask extensively, which accelerates the environment 
disorder in the land and water environment, and the global 
pandemic has not reduced the challenge of microplastic 
pollution in the environment. Fig. 1 showed the discarded 
disposable wet wipes and surgical masks in the wild dur-
ing COVID-19. Disposable surgical masks, as a new source 
of fiber microplastics, first enter the environment, such as 

Fig. 1  Discarded disposable wet wipes and surgical masks found in the wild during COVID-19
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landfill of garbage in public places, and then go into fresh-
water and oceans. Evidence demonstrated that these masks 
can be degraded into microplastic particles under various 
environmental conditions (Schmidt et al. 2018). In addition 
to the effect of masks as a new source of fiber microplastic 
pollution, masks can also be used as medium for the out-
break of COVID-19 (Shruti et al., 2020). Due to the nature 
of plastic, it is easy for microorganisms to settle and repro-
duce on the surface, which can spread or attack along the 
food chain (Shen et al. 2019b). Compared with the natural 
microbial communities in the surrounding aquatic environ-
ment, there may be a significant difference in microbial com-
ponents (Yang et al. 2020), which will affect the microbial 
habits and environmental processes in aquatic ecosystems. 
The outbreak of COVID-19 has led to a sharp increase in the 
abundance of masks and wipes in the global environment, 
which has questioned the impact of the ecological functions 
on the whole ecosystem and animal health.

Moreover, these discarded wipes and masks in the 
environment will become fiber microplastics over time. 
Fig. 2 illustrated the fates and behaviors of discarded wipes 
and masks in the environment. Microplastics are often swal-
lowed by aquatic organisms, including fish (Tien et al. 2020) 
and seafood (Sun et al. 2018; Sussarellu et al. 2016). Marine 
organisms often starve to death after eating plastic debris 
such as wipes or discarded plastic bags (Hu et al. 2019). It 
has been reported that in 2020, about 52 billion masks have 
been produced worldwide, of which 1.56 billion entered the 
oceans through various pathways. Each mask is about 3–4 g 
in weight, and after conversion, there are about 4680–6240 
tons of discarded masks in the ocean. A research conducted 

by Everaert et al. (2018) proposed that the safe concentration 
of microplastics in the marine environment can be as high 
as 6.55 items  L−1. However, the discarded wipes and masks 
may cause a sharp rise in the abundance of microplastics 
in the local environment, because a completely weathered 
wipe or mask may release billions of microplastic fiber to the 
environment. Many of the above facts have proved that the 
problem of wipes and masks may be more significant than 
ever. Do we really want to exchange our health and envi-
ronmental pollution for this temporary convenience? The 
answer is NO! The most urgent thing is to raise the public 
vigilance and let them know that discarded personal protec-
tive equipment should be handled correctly. Under the guid-
ance of government departments, people gradually realize 
the correct treatment, and this silent “new plastic pollution” 
can be quietly annihilated in daily life.

What are the effects of wet wipes 
and disposable surgical masks on humans?

Discarded wipes and masks have respiratory secretions 
that contain many bacteria, even harmful pathogens. Once 
in the environment, the rapid spread of wipes and masks 
may cause the spread of harmful pathogens in large areas 
(Shen et al. 2019c). In addition, chemical problems of 
additive leaching, like bisphenol A, in daily plastic prod-
ucts have been proved (Huang et al. 2012). However, it 
is more challenging to understand the threat of micro-
plastics and nanoplastics released by wipes and masks to 
human beings and take appropriate actions against this 
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Fig. 2  Fates and behaviors of discarded wipes and masks in the environment
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knowledge. Although a large amount of wipes and masks 
enter the environment, so far, the research on their natural 
degradation in the environment and the release mecha-
nisms of microplastic and nanoplastic fibers is very lim-
ited. Moreover, there is a lack of comparative study on the 
relative harm of microplastics and non-plastic particles 
to human body. In all the inhaled and ingested, it is pos-
sible that the nanoplastics with an average size less than 1 
μm can pass through the epithelial lining of the lung and 
gastrointestinal tract (Shen et al. 2019d; Wright and Kelly 
2017). Ingestion of microplastics poses a further threat 
to human health; however, it has not been quantified. The 
presence of microplastics in human feces has been con-
firmed (Schwabl et al. 2019), and a research showed that 
up to 52,000 microplastics can be ingested by US citizens 
every year (Cox et al. 2019). A recent study carried by 
Ragusa et al. (2021) reported that microplastic particles 
were found in all placental portions, indicating that micro-
plastics have potential threat to the fetal health.

At present, trace of microplastics has been found in a 
variety of human foods, including seafood (Li et al. 2016; 
Vandermeersch et al. 2015), sea salt (Iniguez et al., 2017; 
Yang et al. 2015), drinking water (Koelmans et al., 2019; 
Mintenig et al. 2019; Oßmann et al. 2018; Shen et al. 
2021c), beer (Gerd and Elisabeth, 2014), sugar and honey 
(Gerd and Elisabeth 2013, 2014). Evidence showed that 
damage was caused by oxidative stress in cerebral and 
epithelial human cell lines as observed in vitro research 
using polyethylene and polystyrene microplastics (Waring 
et al. 2018). But further damage would not occur because 
the particle sizes of microplastics limit their transfer in tis-
sues. Paracellular uptake also may occur across the intesti-
nal epithelium cells. Human colonic mucosal tissue model 
showed lower membrane transport efficiency (< 0.1%) for 
microplastics with 3 μm (Yoo et al. 2011). However, for 
patients with intestinal diseases, the transport efficiency of 
microplastics would significantly increase due to changes 
in tissue permeability caused by inflammatory infection. 
In addition, evidence showed that nanoplastics can be 
able to penetrate cell membranes and placenta, inducing 
inflammation, oxidative stress and cell damage (Vethaak 
and Leslie 2016). Up to now, available data on micro-
plastics contained in seafood and other food resources 
are not sufficient enough to evaluate the potential risks of 
microplastics for human health along the food chain (Yoo 
et al. 2011). Microplastics are difficult to enter the deep 
tissues and be quickly cleared by spleen (Bouwmeester 
et al. 2015). With the global influx of discarded wipes and 
masks, the content of microplastics and nanoplastics in 
environmental media may increase significantly. It is also 
urgent to develop a method for accurately evaluating the 
number of microplastic particles in food and the number 
of particles transferred along the food chain.

Are fibrous microplastics caused by wipes 
and masks an issue relative to other types 
of microplastics?

As we all know, microplastic fiber is an important part 
of microplastic pollution in the environment. However, 
evidence has demonstrated that the actual pollution of 
fiber microplastics to water environment is suspected 
to be much higher than that of other microplastic parti-
cles (Woods et al. 2018; Zhang et al. 2020) . Although 
microplastic fibers are dominant in water environment, 
little attention has been paid to them so far. The global 
outbreak of COVID-19 has pushed the potential environ-
mental sources of microplastic fibers, wipes and masks to 
the public attention. Wipes and masks are made of plas-
tic fibers, which is different from other plastic products 
such as plastic bags and bottles. Plastic fibers are more 
likely to be broken and disintegrated under the influence 
of weathering factors such as heat and radiation in the 
environment, resulting in the release of great microplastic 
fibers (Xu and Ren 2021). A fully weathered mask can 
release more than several billions of microplastic fibers 
to the environment. Therefore, the degradation process of 
wipes and masks in the environment, the contribution to 
the environmental microplastic pollution and the release 
mechanism of microplastic fibers need to be explored 
timely. The outstanding nature of microplastic fibers and 
its high abundance in some areas make it necessary to con-
sider its toxicity in the risk assessment of microplastic pol-
lution. As a matter of fact, the absorption of microplastics 
depends on the concentration, bioavailability and degrada-
tion state of the fiber in the environment. Recently, Rebe-
lein et al. (2021) systemically reviewed the toxic effects 
of underestimated environmental risk on organisms of 
microplastic fibers, and the authors suggested that micro-
plastic fiber should be included in prospective monitoring 
studies to discuss appropriate methods and recommend 
exposure studies and risk assessment for these underrated 
contaminants.

Additionally, a large number of wipes and masks debris 
will be sent to the wastewater treatment plant through the 
sewage. The used flushable wipes will greatly increase 
the concentration of plastic fibers in sewage (Briain et al. 
2020). Because of the high aspect ratio of fiber micro-
plastics, it is easy to knot in sewage to block the sewage 
pipe. Compared with granular and ball microplastics, fiber 
microplastics have low size and other shape characteris-
tics, which makes them more prone to the fragmentation 
and causes serious potential ecological hazards. Although 
the existing research on the removal of non-fiber micro-
plastics has a certain reference value, the difference of 
interface interaction caused by different shapes may lead 
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to the decrease of removal efficiency when applied to fiber 
microplastics. Consequently, the “cunning” fiber micro-
plastics need to be regarded as a kind of independent 
microplastic pollutants. It is necessary to further improve 
its monitoring mechanisms, toxicological mechanism, 
interface mechanisms, removal mechanism and so on 
to supplement the existing gap in this field, especially 
after a large number of wipes and masks have entered the 
environment.

Garbage is a resource in the wrong place, which is also 
applicable to fiber microplastics and discarded wipes and 
masks. The global COVID-19 and environmental mask and 
wipe pollution provide a new opportunity to change social 
behavior and to take advantage of the current unprecedented 
participation in environmental issues and concerns in order 
to reduce the “discard” culture and rectify poor waste man-
agement, as well as to raise awareness of other potentially 
greater environmental issues.

How and what can we do?

At present, the epidemic is not over, and the use of masks 
and wipes will become the norm for a long time to come, 
and it will be very challenging and irresponsible to reduce 
the use of them indiscriminately. Methods and technolo-
gies for future research, control and removal of emerging 
new sources of microplastic contamination was proposed at 
Fig. 3. The rapid increase in the consumption and treatment 
of these disposable plastic products poses a potential threat 
to the environment; however, the impact on global plastic 
and microplastic pollution is basically unknown. There-
fore, it is imperative to understand and mitigate these risks 
quickly. To obtain more information on the consequence of 
these disposable wipes and masks, environmental study and 
policy should be:

a) To conduct interdisciplinary research on the environ-
mental behavior and fate of disposable wipes and masks.

  It is urgent to study the natural degradation and 
decomposition of disposable wipes and masks in the 
environment and the release of microplastics and even 
nanoplastics. At present, most of the reports about the 
environmental pollution caused by masks and wipes 
only stay at the macro level, that is, the impact on the 
beauty of the environment, but it did not go deep into the 
more serious fiber microplastic pollution. In addition, 
wipes and masks as an important carrier of environmen-
tal harmful chemicals and pathogens are also worthy of 
investigation.

b) To study composite pollution mechanism and influenc-
ing factors of fiber microplastics and pollutants.

  At present, there are many reports about the physical 
damage of discarded masks and wipes to marine organ-
isms, such as entanglement and blockage of esophagus. 
Perfluorinated compounds, polycyclic aromatic hydro-
carbons, pesticides, heavy metals and other pollutants 
are easy to accumulate on the surface of microplastics. 
However, there is still a lack of systematic understanding 
of the transport, distribution and complex toxicological 
mechanism of fiber microplastics and their attached pol-
lutants in marine organisms. There are still many ques-
tions about the joint toxicity of fiber microplastics and 
toxic pollutants to organisms. More attention should be 
paid to the transfer and enrichment of fiber microplas-
tics in the food web brought by wipes and masks. It is 
imperative to understand the accumulation of pollutants 
loaded on the surface of microplastics and the risk to 
human health. Moreover, the research on microplas-
tic removal mechanisms can enable us to optimize the 
traditional process (e.g., coagulation, flocculation and 
membrane separation) or develop new technologies to 
achieve efficient removal of microplastics.
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Fig. 3  Proposed methods for future research, control and removal of emerging new sources of microplastic contamination
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c) To reduce the “discard” culture and rectify poor waste 
management.

  The root of plastic pollution is not the plastic itself, 
but the relationship between plastics and humans. At the 
level of government decision-making, it is necessary to 
establish the management, policies and regulations of 
disposable wipes and masks, promote local governments 
to publicize the environmental hazards of wipes and 
masks and microplastics and cooperate with the media 
to strengthen the public awareness of microplastics. 
At the local level, efforts are required to strictly super-
vise the collection and treatment of wipes and masks 
in each community, upgrade the removal equipment of 
microplastics in sewage treatment plant, train relevant 
technical personnel of mask and microplastic pollution 
management and strengthen the ecological restoration 
measures of microplastic pollution in typical areas. At 
the level of mass participation, we should improve the 
awareness of and actively publicize the pollution of 
wipes, masks and microplastics, and actively obey the 
relevant policies of local governments to reduce the dis-
carding of wipes and masks.

d) To develop degradable wipes and masks to replace exist-
ing ones.

The government should make greater efforts to encour-
age enterprises to use degradable materials to replace the 
existing non-degradable plastics. Because of its special 
process, the toughness of the wipes is enhanced, so as to 
avoid adding plastics to the wipes and reduce the pollution 
caused by microplastics. Degradable natural materials also 
let us no longer worry about the non-degradable white pol-
lution. The manufacture of biodegradable treatment masks 
and wipes can also be developed, but the higher cost and 
unknown safety of new materials need to be considered, 
which requires the government to give certain preferential 
policies and economic subsidies.

Nowadays, the research on the existence of plastics 
and microplastics in the environment, their impact on the 
whole ecosystem is extensive, but only through scientific 
practice cannot understand and change these big problems. 
To solve the problem of plastic and microplastic pollu-
tion needs large-scale political and economic changes, but 
this change must be based on sound objective science and 
social science. At present, there is a gap between scientific 
research and the complementary research needed to under-
stand the social dimension of plastic pollution. Recogniz-
ing the importance of this knowledge gap, and narrowing 
it, is critical for us to reduce the amount of man-made 
wipes, masks and other plastic products and microplastics 
that persist in the environment.

Conclusions

The sudden outbreak of global COVID-19 has caused the 
disposable wet wipes and masks to enter the environment 
in large quantities, which masks the situation of plastic 
and microplastic pollution worse. Wipes and masks are 
made of plastic fibers, which is easier to be weathered 
in the environment than other plastic products such as 
plastic bags and bottles. Wipes and masks will gradually 
break down into pieces in the environment and eventu-
ally become microplastic fibers even nanoplastics. Weath-
ered wipes or masks can release billions of microplastic 
fibers, which is a great challenge to the local ecological 
security. As users of wipes and masks and producers of 
contamination, each of us should be responsible for this. 
The global COVID-19 is not over yet, and it should not 
be to bring irreparable harm to the earth and lead to the 
next bitter fruit! However, it is still a long way to go in 
dealing with the pollution of wipes and masks until (1) 
all citizens can correctly understand the microplastic pol-
lution of discarded wipes and masks to the environment 
and consciously change their usual behavior, and correctly 
deal with the garbage; (2) these collected wipes and masks 
are properly disposed of without reentering the environ-
ment; (3) the government should actively encourage the 
development and production of degradable materials, so 
as to solve the environmental pollution caused by dispos-
able wipes and masks; and (4) we should actively assess 
the potential environmental risks of wipes and masks that 
have entered the environment and the released microplas-
tic fibers, and master the environmental behavior and fate 
of wipes and masks, so as to provide reference for future 
research.
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