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ARTICLE INFO ABSTRACT

Keywords: The consumption of disposable face masks increases greatly because of the outbreak of the COVID-19 pandemic.
COVID-19 Inappropriate disposal of wasted face masks has already caused the pollution of the environment. As made from
Face mask plastic nonwoven fabrics, disposable face masks could be a potential source of microplastics for the environment.
x;iigif:;zbrics In this study, we evaluated the ability of new and used disposable face masks of different types to release
Release microplastics into the water. The microplastic release capacity of the used masks increased significantly from

183.00 + 78.42 particles/piece for the new masks to 1246.62 + 403.50 particles/piece. Most microplastics
released from the face masks were medium size transparent polypropylene fibers originated from the nonwoven
fabrics. The abrasion and aging during the using of face masks enhanced the releasing of microplastics since the
increasing of medium size and blue microplastics. The face masks could also accumulate airborne microplastics
during use. Our results indicated that used disposable masks without effective disposal could be a critical source
of microplastics in the environment. The efficient allocation of mask resources and the proper disposal of wasted

masks are not only beneficial to pandemic control but also to environmental safety.

1. Introduction

The outbreak of Coronavirus Disease-2019 (COVID-19) causes global
health concern(WHO, 2020b). As of the end of 2020, more than 80
million confirmed cases were reported worldwide with nearly 1.8
million cases of deaths(WHO, 2020a). Evidence suggested that wearing
face masks is a feasible way to prevent infection of COVID-19(Cheng
et al., 2020; Feng et al., 2020; Greenhalgh et al., 2020), which increases
the demand for face masks drastically. According to media reports,
China, which accounted for more than 50% of the world’s mask pro-
duction before the pandemic, is expected to increase its mask production
in 2020 to more than 20 times 2019’s level, exceeding 100 billion
(KAWAKAMI, 2020). However, it may be still difficult to meet the global
demands as research indicates the demand of face masks will increase
100 times globally(Stone et al., 2020).

Not only do we need to worry about the capacity of face masks, but
we also need to consider the environmental issues that come with the

* This paper has been recommended for acceptance by Maria Cristina Fossi.
* Corresponding author.
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use of face masks. Disposable face masks (DFM) could become a channel
for pathogen transmission and an environmental burden as insufficient
proper management(Mol and Caldas, 2020). Recently, a large number of
discarded DFMs were found to be washed onto a beach in Hong Kong
(Reuters, 2020). In Ile-Ife, Nigeria, wasted face masks were observed
along the highway and drainage(Fadare and Okoffo, 2020). Most DFMs
are made of nonwoven fabrics, which are composed of plastics such as
polypropylene (PP), polyurethane (PU), polyacrylonitrile (PAN), poly-
styrene (PS), polycarbonate (PC), polyethylene (PE), and polyethylene
terephthalate (PET)(Aragaw, 2020; Matabola et al., 2009). Plastic
pollution is a global concern because of its ubiquity and nondegradable
(Dong et al., 2020; Evangeliou et al., 2020; Oliveri Conti et al., 2020;
Thompson et al., 2004; Xue et al., 2020). In recent years, microplastics
which are mostly breakdown from large plastic wastes are recognized as
emerging pollutant receiving global attention as their widely spread and
potential adverse impacts(Cole et al., 2011; Rummel et al., 2017; Wesch
et al., 2016; Wright et al., 2013; Zhang et al., 2018). It is possible that
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Fig. 1. Microplastics released from new surgical medical face masks (A), new disposal medical face masks (B), new normal disposal face masks (C), new N95 face
masks (D), used surgical medical face masks (E), used disposal medical face masks (F), used normal disposal face masks (G), and used N95 face masks (H). (Typical

fibers are pointed out by circles and fragments are pointed out by arrows).

microplastics can be released from DFMs because of wear and tear as
well as degradation in the environment(Aragaw, 2020; Fadare and
Okoffo, 2020; Shruti et al., 2020). Li et al. (2021) reveals the inhalation
risk of microplastics especially microfibers while wearing a mask.
However, there are no actual data to describe the details of release of
microplastics from DFMs to the environment.

Water is a relatively convenient medium for assessing the ability of
microplastic release for DFMs. In this study, we measured the release of
microplastics from different types of new and used DFMs to the envi-
ronment to reveal their potentially adverse effects on the environment.
The quantities and characteristics of released microplastics were iden-
tified to evaluate the influencing factors of microplastics release from
the DFMs. We hope this study will alert the management to enhance the
proper disposal of DFM wastes and avoid exacerbating our environment
in the context of the COVID-19 pandemic.

2. Materials and methods
2.1. Sample collection

We obtained DFMs of 18 brands including medical surgical face
masks, disposal medical face masks, normal disposal face masks and N95
face masks from a Chinese ecommerce platform (JD.com) by sales
ranking in April and May 2020. Details of the collected DFMs were
provided in Table S1. All face masks were product in 2020 after the
outbreak of COVID-19. The used group of the tested masks were worn by
students and staffs in our institute normally for one day before the
experiment. These masks were folded, rubbed and worn through the
process and kept filtering the air the user breathes in any place they went
to.

2.2. Experimental setup

Deionized water (15 MQ/cm) supplied by an ELGA Purelab water
purification system (Lane End, High Wycombe, UK) was used for the
experiment after filtered through a Whatman GF/C filter. All vessels
used in the experiment were rinsed three times with the deionized
water. Each mask was put into a 500 mL glass Erlenmeyer flask with 200
mL deionized water. Then all flasks were covered with aluminum foil
and shaken on a rotary shaker at 120 rpm for 24 h. Three replicates were
used for each brand and each treatment.

2.2.1. Microplastics analysis

After shaking, each face mask sample was rinsed twice with a total of
250 mL deionized water to rinse off microplastic particles that might be
adsorbed on the surface. Then the rinse water and water left in the
Erlenmeyer flask were filtered through a Millipore mixed cellulose esters
membrane filter (0.8 pm pore size, 47 mm diameter, white gridded). The
filter was then placed into a clean petri dish and air dried at room
temperature.

2.3. Quantification and identification

Microplastics retained on the filter were examined under an Olympus
SZ2-ILST stereomicroscope (Tokyo, Japan), and images were captured
with a DigiRetina 16 digital camera. A visual assessment was performed
to identify the microplastics based on their shape, color, and size.
Microplastics were divided into four size categories (<100 pm, 100-500
pm, 500-1000 pm, 1000-2000 pm and >2000 pm). Typical micro-
plastics released from the face masks were picked onto glass slides with a
tweezer and identified using a Renishaw inVia Raman microscope
(Wotton-under-Edge, Gloucestershire, UK) following a previous method
(Zhang et al., 2017). Raman spectra were recorded from 300 to 3200
cm ! with a laser excitation wavelength of 785 nm. The spectra of the
samples were searched in the Renishaw Polymeric Materials Database
and polymer types were identified based on the similarity to the spectra
of standards.

2.4. Quality assurance and quality control

To avoid the contamination throughout the process, all equipment
used in the sampling and laboratory analysis were pre-washed with DI
water and covered with aluminum foil before use. Cotton masks, cotton
laboratory coats, and clean gloves were worn during sampling and
analysis. The surface of table and hands were rolled by a sticky roller to
remove the particles on them. All water used in the process were filtered
through a GF/C filter (1.2 pm pore size). Blank controls were produced
using the same processing methods as those applied to the laboratory
process. The mean number of microplastics detected in the blank con-
trols was subtracted from the results of the experimental groups.

2.5. Data analysis

The differences of the mean abundance of microplastics among
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Fig. 2. Microplastics released from new and used disposable face masks examined in this study.

groups were analyzed by one-way ANOVA followed by Tukey’s HSD
test, and independent-samples t-test (homogeneous variances) or
Welch’s ANOVA followed by the Games-Howell test (heterogeneous
variances) along with multiple comparisons and paired-samples t-test
was designed to compare the difference between raw and used DFMs. A
confidence level of 95% was used. The relation between microplastics
released from new and used masks and their prices were analyzed using
Pearson correlation analysis. Statistical analysis was performed using
SPSS version 22.0 (SPSS Inc, Chicago, IL, USA).

3. Results and discussions

Release of microplastic fibers and fragments were found in all
experimental groups after subtracting the mean microplastic detection
in the blank control (4 fibers) (Fig. 1). It confirmed the previous spec-
ulations of release potential of microplastics from DFMs. Previous re-
ports speculated that face masks could be a potential source of
microplastics from materials, manufacturing process, and management
(Aragaw, 2020; Fadare and Okoffo, 2020; Shruti et al., 2020). However,
the present study firstly confirmed the release of microplastics from
DFMs to the environment.

Among all types of DFMs in our experiments, average amount of
microplastics released from new DFMs was 183.00 + 78.42 and varied
from 159.80 + 46.14 to 222.17 + 98.79 particles/piece while micro-
plastics release from used DFMs was 1246.62 + 403.50 and varied from
1146.04.67 + 307.60 to 1478.00 + 265.80 particles/piece in 24 h. For
all types of the DFMs, the amount of microplastics released from used

ones increased significantly than the new ones (p < 0.05) from 6.0 to 8.1
times (Fig. 2). However, no significant differences of release were found
among different types of the DFMs.

The loosely bound plastic fibers on the mask fabric were undoubtedly
a significant cause of microplastics release from the DFM (Figure S1). It
could be similar to the process of microfiber discharged during laundry
process from the fabric(Hernandez et al., 2017; Kelly et al., 2019). UV
radiation, weathering, and abrasion were essential reasons for the gen-
eration of microplastics(Khaled et al., 2018; Song et al., 2017; ter Halle
et al., 2016). Daily use of DFM obviously came with exposure to radia-
tion and wear and tear of the mask material. Li et al. (2021) also found
increasing microplastics inhalation risk of the masks after different
treatments for reuse such as washing and radiation. In addition, as an
airborne pollutant(Dris et al., 2017), during the use of DFM, micro-
plastics suspended in the air might also be captured on the mask, which
could also enhance the release amounts.

There was no significant correlation was observed between amounts
of microplastics released from new and used DFMs (Figure S2c). The
capacity of the masks to release microplastics also did not correlate with
their price (Figure S2a, b). It implied that the releasing of microplastic
from DFMs might have no relationship with their functions and material
quality. Although these DFMs were divided into four categories, during
the examination we found that they all had three layers of non-woven
material. The biggest difference between the different masks is in the
middle filter layer, but during our experiments the masks were carried
out in an unbroken state, with the middle filter layer surrounded by the
front and back layers, so microplastics released from the front and back
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Fig. 3. Morphological characteristics of microplastics released from the new and used disposable face masks: shapes (a) and sizes (b).
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layers might have dominated, which might have led to little difference
in release between the different types. In addition, although there were
some differences in the grammage of the meltblown fabric for different
DFMs, the main difference between them was whether or not they were
treated with electrical charges (Hossain et al., 2020). This difference in
charge might then have little effect when we performed a release
experiment in the water.

Anyhow, once entering the environment, microplastics released from
the wasted DFMs might lead to an elevated level of microplastics in the

surrounding environment. As roughly calculated from our results, as the
estimated production of face masks in China of 2020, more than one
hundred billion of face masks could releasing more the 1.2 x 10'*
microplastics into environmental within 24 h after used and discarded
into the water. Even worse, the release process might be persistent.
Microplastics released from the DFMs were either fibrous or frag-
mentary. Fibers were predominant, accounting for more than 70% of the
total released microplastics (Fig. 3a), which can be related to the fibrous
structure of the fabrics (Figure S1). Microfibers were the most common
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and predominant shape of microplastics in the water, the air, and the
organisms(Salvador Cesa et al., 2017; Wang et al., 2019). It could be
released from the fabric(Hernandez et al., 2017). The main material of
the DFMs was non-woven fabric. Normal non-woven fabrics in the front
and back layers of DMFs could be an important source of microplastic
fibers. The materials of the central layer of DFMs were meltblown fab-
rics, which were made from high-speed hot air drafted polymer solutions
and bonded to themselves(SalehHudin et al., 2017). Although the ab-
sorption energy and deformation capability during deformation is
greater, plastic nonwoven fabrics present lower stiffness and strength
(Ridruejo et al., 2011). It could be a direct source of microfibers. The
meltblown process could also form some plastic flakes (Figure S1),
which could be the source of microplastic fragments. The higher pro-
portion of microplastic fragments released from used face masks implied
that the use process may be more beneficial for the generation of frag-
ment microplastics. During wearing, adjustment, folding, and pull of the
DFM might lead to the breakage and fragmentation of the inner mate-
rials of the fabrics because of mechanical deformation.

Medium size (100-500 pm) microplastics were predominant both in
fibers and fragments, while fibers contained some large size particles
(Fig. 3b). The proportions of Medium size (100-500 pm) microplastics
both increased after use in fibers and fragments. Although there was a
lack of specific data to support the process of microplastic generation
from polypropylene nonwovens fabric, previous studies of other plastics
including polyethylene, polypropylene, and polystyrene indicated that it
needed time for plastic debris becoming smaller ones (Julienne et al.,
2019; Weinstein et al., 2016). The use time of the DFM was limited
because of health protection reasons, which might limit the time to
generate smaller microplastic particles.

Most of the microplastics released from the masks, whether new or
used, were transparent. However, the proportion of colored micro-
plastics increased after use (Fig. 4a and c). Among colored microplastics,
blue microplastics were predominant in both fibers and fragments, the
proportion of blue microplastics in colored microplastics increased after
use. Although the amounts of other colors of microplastics also increased
after use, the proportions of them in colored microplastics did not
change appreciably or even decreased (Fig. 4b and d). PET and PP were
predominant in the transparent microplastics released by the new DFMs.
They might be released from the materials of the DFMs. After use, the
proportion of other polymers increased for all colors of microplastics
(Fig. 4e).

The first two predominant colors in this study, transparent and blue,
were also the same as of the main colors of the fabrics that DFMs were
made of. Blue fabrics generally appeared on the outer layers of the face
masks. This made them more exposure to radiation and abrasion, which
were favorable conditions for the production of microplastics(Song
et al., 2017). Other colors of microplastics might be from the airborne
microplastics during production, transport, and use. Airborne micro-
plastics were ubiquitous and colorful(Enyoh et al., 2019). More than 10,
000 microplastics could be deposited per square meter of indoor space
per day and most of them were fiber(Zhang et al., 2020a; Zhang et al.,
2020b). The outdoor and indoor microfiber concentration could also
reach to 1.5 and 53 particles/mB, respectively in Paris(Dris et al., 2017).
The breathing action acted like an air pump, enriching the airborne
microplastics on the surface of the mask, which led to an increase in the
release of other colored microplastics from the used masks. The results
of polymer types also implied that, the microplastics released from the
new DFMs were mainly their materials, PET and PP, while the use
process increased the proportion of other types of polymers which might
come from the airborne microplastics. However, the increasing pro-
portion of blue microfibers still indicated that microplastics released
from the masks themselves were still predominant. In any case, airborne
microplastics adsorbed during the use further increased the risk of
microplastic release from the masks to other environmental media,
elevating the overall hazard of the masks as a source of microplastics.

As a form of medical waste, DFMs deserved stricter management and
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should not be casually discarded in the environment. From our results,
scientific management of DFMs would be beneficial not only for
pandemic control, but also for environmental microplastic risk control.
The management should strictly prohibit the random disposal of DFMs
outdoors and suggest citizens to collect them at home or at work and try
to make them enter the medical waste recycling system. For regions
where conditions were limited, they should also at least ensure that the
DFMs could enter the recycling pathway for plastic products, thus pre-
venting DFMs from entering the environment directly. In fact, even with
the massive increase in mask production capacity, masks are still a
limited resource in many parts of the world and optimizing the distri-
bution of DMF was important for controlling the pandemic (Worby and
Chang, 2020). And extending the use of DFM as long as possible while
maintaining protection would not only ease the pressure on the supply
of masks but could also be a potential way to reduce their environmental
risk.

4. Conclusions

Our results indicated that used DFMs without effective disposal could
be a critical source of microplastics in the environment. It was not only
because of the large amount of fibers carried by the fabric material of the
masks themselves, but also because of the process of use that would
further promote the production and release of microplastics from the
masks. In addition, the masks can act as collectors of airborne micro-
plastics. However, during the COVID-19 pandemic, DFMs were a ne-
cessity for health care workers and public protection. The consumption
of disposable face masks would continue at a high level. Therefore,
effective management of DFMs at the use and waste sides would not only
contribute to pandemic prevention and control, but also reduce the
pressure of microplastic pollution in the environment. The management
should guide the public to use and discard DFMs appropriately and
provide centralized disposal options.
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