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ABSTRACT: Micro�bers of polyester and cotton might be
signi�cant for the transport and fate of chemical pollutants in the
air due to the amounts emitted, as well as their capacities to sorb
inorganic and organic compounds. It was hypothesized that
household tumble driers could be atmospheric sources of these
micro�bers. This study quanti�ed the number of the two most
common textile �bers discharged from a household vented tumble
dryer to ambient air. The results suggest that driers of this type are
a potential source of air contamination by micro�bers, releasing
433,128�561,810 micro�bers during 15 min of use. Micro�bers
can be generated from both polyester and cotton textiles. The
abundances of micro�bers of polyester produced were directly
proportional to the masses of clothing loaded into a dryer, but such
a relationship was not apparent for cotton textiles. On the basis of the results presented here and other relevant data, it was estimated
that the average Canadian household can annually release from 9 × 107 to 12 × 107 micro�bers from a single dryer. To minimize the
release of these micro�bers into the air, an appropriate engineered �ltration system should be developed and adopted as an e�ective
control measure for individual household driers.

� INTRODUCTION
Synthetic textile �bers, such as linear polymers, are widely used
in the manufacturing of clothing.1 Materials used in synthetic
textile �bers include polyester, nylon, acrylic, and polypropy-
lene.2 Global consumption of these synthetic �bers has
increased.3 For example, the use of polyester �bers reached
76.66 million tons per year and accounted for 55% of the
global clothing market.4 During laundering, synthetic textiles
can release micro�bers, which are a common group of
microplastics released into aquatic environments.5�9 Micro-
plastics are a growing threat to aquatic organisms and their
ecosystems.10,11 Apart from marine12,13 and freshwater
environments,14�17 micro�bers have been found in air18 and
terrestrial ecosystems,19�21 where they are relatively persis-
tent.22

The occurrence of micro�bers in air has attracted increasing
attention.18,23 For human exposure, the intake of microplastics
via inhalation by air was much greater than that via other
exposure routes.18 While airborne microplastics can be directly
inhaled by humans, deposited microplastics can be ingested by
hand-to-mouth contact, especially for children.24,25 Micro-
plastics have been found in human stools as direct evidence of
common exposure.26 Exposure to airborne microplastics has
been linked to adverse e�ects on the health of humans,
including chronic obstructive pulmonary disease (COPD).27

To date, most published research has focused on the
generation of micro�bers from washing machines.28,29 For

instance, one pair of jeans can release 56,000 ± 4100
micro�bers per wash.5 One hundred percent polyester knitted
fabrics could release large micro�bers under various operative
washing conditions.30 During washing, T-shirts made of
polyester and polyamide can produce more micro�bers than
other tested textiles.31 Cotton textiles can also release
micro�bers. The numbers of micro�bers released from
polyester or cotton textiles ranged from 2.1 × 105 to 1.3 ×
107 �bers per wash.7 A report by the Ellen MacArthur
Foundation (2017) estimated that by 2050 the number of
micro�bers released into the environment by washing textiles
might increase to 70,000 tons per year, which is equivalent to
dumping 400 million polyester T-shirts into the sea.32

Fortunately, since most laundry water is treated by sewage
treatment plants, such large quantities of micro�bers would be
unlikely to be discharged into aquatic environments,33�35 but
they might enter other environments associated with
biosolids.36,37 Recent research (2021) con�rmed micro�ber
contamination in the atmosphere, even in the Arctic.38�40

However, the release of textile-associated micro�bers into the
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atmosphere has been less studied.41,42 Household tumble
dryers can be an important mechanism for releasing textile
micro�bers to the ambient atmosphere. Because vented air is
usually not treated, micro�bers are emitted directly through a
ventilation pipe connected to the dryer to ambient air, either
indoor or outdoor.41,43,44 When textiles are rotated in a forced-
air dryer, micro�bers might be shed from the textiles, especially
at higher temperatures.43 The releases of micro�bers from
large-scale commercial dryers are unknown but could also be
signi�cant and not negligible. In addition, if dryers are not
connected to a ventilation system, the released micro�bers
could be inhaled directly from the indoor air by humans.
Microplastics have been reported in indoor and outdoor air
worldwide.18 It has been estimated, based on a normal
exposure scenario, that more than 900 microplastic particles
might be ingested by a child per year through dust (200 mg
day�1).45

Given that the release of micro�bers from driers remains
largely unknown, the goals of this study were to (1) test the
hypothesis that household driers are signi�cant atmospheric
sources of polyester and cotton micro�bers, (2) evaluate the
potential release of these micro�bers from clothing containing
the two textiles, (3) evaluate the annual emission of
micro�bers from a dryer, and (4) evaluate the contribution
of household tumble driers to microplastic air pollution in
Canada.

� MATERIALS AND METHODS
Materials. Two types of textiles (polyester and cotton)

were selected for this study (Table S1, Supporting Information
(SI)), including 12 polyester items of clothing and 10 cotton
items of clothing. The textiles were dried in a household,
electric vented tumble dryer, Electrolux Wascator TT200, and
the technical speci�cations of this dryer are shown in Table S2
in the SI. A high-volume, total suspended particle air sampler
(Sibata, Japan) was placed at the end of the ducting to collect
all airborne particles independent of size. The volume of air
sampled was measured by a TSI Mass Flowmeter Calibration
Analyzer 4043, which was placed at the outlet of the dryer. The
pump was started when the drying process began. The targeted
substance in the air was �ltered onto Whatman GF/C glass
�ber �lters (1.2 �m pore size). After sampling, the glass �ber
�lter was carefully transferred to a Petri dish with stainless steel
tweezers and sealed with para�lm. The micro�bers collected
on the �lter were subjected to examination through standard
procedures (see Text S1 and Characterization and Enumera-
tion of Micro�bers section).

Drying Trials. The details of the method for collecting
micro�bers are shown in Text S1 and Figure 1. The e�ects of
the drying duration on the release of micro�bers were tested
using the same number of polyester textiles for 10, 20, 30, 40,
or 50 min. There was no signi�cant di�erence in the number of
micro�bers released among the di�erent drying durations
(One-way analysis of variance (ANOVA): F4,10 = 1.751, p =
0.215, Figure S2). On the basis of this �nding, the drying
duration for all subsequent experiments was set to 15 min,
which could e�ectively reduce the experiment time. Trials were
replicated six times for each type of textile: (i) No. 1�4, (ii)
No. 1�8, (iii) No. 1�12, (iv) No. 13�16, (v) No. 13�19, and
(vi) No. 13�22 (see Table S1 for details). Cycles for (i), (ii),
and (iii) were performed with 100% polyester clothes, while
the other cycles were carried out for pure cotton clothes. To
account for variations among runs, the cycles were repeated

three times. The air evacuation rate of the dryer was large, and
the air vacuum pump could only absorb part of the gas.
Equation 1 was employed to obtain the amount of the released
micro�bers. Given that the practical air evacuation rate was
525 m3/h, the total number of released micro�bers was
calculated using the following equation

= ×N r v n( / ) (1)

where N is the micro�ber number per drying cycle, r the air
evacuation rate of the dryer, v the �ow velocity of the pump
sampler, and n the counted micro�ber number released from
the textiles in our study.

Characterization and Enumeration of Micro�bers.
The individual micro�bers on the �lters were identi�ed based
primarily on shape, surface texture, and color and were
counted under a stereomicroscope at up to 40× magni�cation.
Further con�rmation was achieved by picking out micro�bers
and examining them by micro-Fourier transform infrared
spectroscopy (�-FTIR) (Thermo Nicolet iS10 with Contin-
u�m/iN5, Thermo Fisher Scienti�c, USA). The spectral range
was set from 4000 to 550 cm�1, and 16 scans were performed
for each measurement. The spectra acquired were compared
with standard spectra from open-access databases (Aldrich
Polymers, Sprouse Polymer by ATR, and Hummel Polymer
Sample Library), and the chemical compositions were
identi�ed according to the presence of characteristic peaks
and similarities (at least with a match score >70%) with
matched spectra. Nitrile gloves and a laboratory coat were
worn to avoid contaminating the samples during sample
analysis.

Quality Assurance and Quality Control (QA/QC).
Three �eld blank samples were collected from the ambient
environment when the dryer was not in use. Three process
blank samples were collected when the dryer was in operation
without textiles. The duration of the collection was 15 min. We
collected three control samples to evaluate the potential
carryover e�ect from a prior load. According to our evaluation,
such carryover contamination was negligible and may be due
to the short length of the venting pipe. The dryer was installed
in a room approximately 15 m3 with a vent line, and the room
was at the residence building of the Swire Institute of Marine
Science located at the Cape D’Aguilar Marine Reserve in Shek
O, Hong Kong. As Cape D’Aguilar is in a rural area on the
southern edge of Hong Kong Island with a low ambient level
of micro�bers in the atmosphere, we selected this location to
conduct the experiment (Figure S1).

Figure 1. Experimental setup.
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Data Analyses. Statistical analyses were performed by
Microsoft Excel 2016, OriginLab OriginPro 2015, and IBM
SPSS Statistics 19. Prior to the use of parametric statistical
procedures, the Shapiro�Wilk test was conducted to test for
the normality of the data (Text S2). Pearson correlation
analysis was conducted when the data met the assumption of
normality; otherwise, Spearman correlation analysis was
conducted. Finally, a linear regression was conducted to
show the relationship between the number of micro�bers
generated from the polyester and cotton clothing and the mass
of the loaded clothing.

� RESULTS AND DISCUSSION
Micro�bers Collected from Vented Air during Drying.

A household tumble dryer is a potential atmospheric source of
micro�bers. A mean value (±SD) of 270 ± 30 micro�bers was
collected during the 15 min drying of polyester textiles, while a
mean of 165 ± 27 micro�bers was observed for cotton textiles
(Table S3). The 11 ± 2 micro�bers collected in the �eld blank
sample represented the background level in ambient air, while
the 24 ± 0 micro�bers in the process blank sample were
collected when the dryer was in operation without textiles. A
total of 19 ± 4 micro�bers were collected between trials to
eliminate the remaining �bers from the previous load from
being ignored. As the number of micro�bers in the blank
samples was less than 10% of that in the real samples, the

contamination could be considered negligible. Therefore, the
number of �bers in the samples was not corrected by the blank.

FTIR spectral results for the micro�bers showed poly-
ethylene terephthalate (PET) and polyvinyl chloride vinyl
acetate (PVC) produced by polyester textiles, respectively
(Figure 2). These two kinds of micro�bers were also identi�ed
as microplastic contaminants. PET is a typical textile used in
daily life, especially in fabrics used in sportswear, because it is
handy and easy to dry.46 It has been reported that ingesting
PET �bers resulted in the increased mortality of crustaceans.47

PVC micro�bers might be used as a decorative element on
clothing. Cotton micro�bers (100%) were detected in our
experiment after cotton textile drying (Figure 2). Cotton �bers,
such as denim micro�bers, have been identi�ed as a new
challenge in the �eld of micro�ber pollution. Recent research
has reported that cotton �bers are widespread in aquatic
environments from temperate to Arctic regions.5 Anthro-
pogenically modi�ed celluloses are often chemically processed
and are su�ciently persistent to undergo long-range transport
and accumulation in environmental compartments, where they
could be of concern for biota.5

E�ects of Mass Range and Drying Duration on
Features of Micro�bers. There were di�erences in the
production of microparticles between polyester and cotton.
There was a signi�cant, positive correlation (Pearson’s
correlation coe�cient, r = 0.836, n = 9, P < 0.01) between
the number of micro�bers released and the mass of polyester

Figure 2. Images acquired using a Nikon microscope: (A) blue and yellow micro�bers released from polyester textiles and (B) white micro�bers
released from cotton textiles. (C) Sample spectra and their matched spectra from the library.
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