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Microplastic fibers (MPFs) featuring mean sizes of 11-5,000 pm and
lengths of less than 500 pm have been regarded as ubiquitous and haz-
ardous contaminants in the ecosystem [1,2]. Nowadays, nearly 35% of
MPFs come from textile washing [3], threatening freshwater, marine
fauna, human life, and even ecological balance on multiple scales. The
controllable release of MPFs during garment washing has become
increasingly urgent [4].

Using different resins (e.g., acrylic, polyurethane, and silicon-based
resins), the textile finishing is used to modify various fibers, such as
polyester and polyamide, before evaluating the pilling resistance. Silicon-
based resins finished fabrics possess a higher reduction in MPF shedding.
In view of the potential sustainability of synthetic finishes, subsequent
studies adopted naturally inspired agents, like chitosan and pectin [5,6].
Falco et al. [6] found that the pectin-treated polyamide fabric can generate
less than 90% MPFs. However, these studies mainly focus on effectiveness,
while the underlying mechanisms are rarely illustrated. In addition, there
is a lack of emphasis on the effect of these surface finishes on the inherent
handle and textile properties, which are desired for the fabric.

Lahiri et al. [7] recently developed a robust nylon fabric grafted with
polydimethylsiloxane (PDMS) brushes by a two-layer coating approach.
The coated fabric could ideally sustain their multifunctional properties,
such as water-repellency, comfort, air permeability, and low friction in
wet and dry states. Moreover, it significantly reduced 93% of MPF for-
mation even treated with cycled laundering.

Coating technology is an effective strategy to strengthen the me-
chanical robustness of the prepared surface [8]. Thereinto, interlayer
adhesives are typically adopted to anchor functional coatings on desired
substrates via physical [9] and chemical [10] bonding. Herein, Lahiri
et al. [7] first prepared the primer of 3-mercaptopropyltrimethoxysilane
(MPTMS) on the nylon and then generated sulfonic-acid-functionalized
MPTMS (Fig. 1a). Next, PDMS brushes were firmly coated on
primer-nylon, arising from the ionic coupling of MPTMS and PDMS. The
chosen primer, MPTMS, built a solid bridge between nylon and PDMS
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brushes, ensuring the multifunction of the coated fabric nylon. Based on
the data provided in Lahiri’s work [7], the cost accounting of the raw
materials or chemicals is about $9.68 for the fabric within the surface size
of 1 m?.

To demonstrate the performances of anti-microplastic pollution, five
samples (i.e., untreated, softener, primer-treated, PDMS-brush-treated,
and primer-PDMS-brush-treated fabrics) were prepared to test the
microfibers in laundering sewage (Fig. 1b). The untreated one released a
high number of MPFs (3,975 =+ 327 fibers per gram of fabric sample). For
one gram of primer—PDMS fabric, only 289 + 75 of MPFs were observed
with a ~93% reduction compared with the untreated one. Even when the
temperature was increased from 40 °C to 60 °C as well as the duration
time was adjusted from 1 h to 24 h, there was almost no obvious variation
in the number of released MPFs for the primer-PDMS fabric. In contrast,
the untreated fabric displayed a sharp increase in the production of MPFs
under the above conditions. Therefore, it can be concluded that the two-
layer structure (e.g., primer-PDMS layer) plays a decisive role in the
robustness of the fabric, minimizing microplastic pollution.

As known (super)hydrophobic surfaces are commonly fabricated by
low surface energy modifications and micro-/nano-structures construc-
tions [11]. PDMS is an eco-friendly fluorine-free polymer with low sur-
face energy and flexible structure [12]. After nine washing repeats, the
hydrophobicity of the pristine fabric would shift into hydrophilicity with
the advancing/receding water contact angles (WCAs) decreasing from
110°/97° to 74°/48° (Fig. 1c). The loss of water-repelled property on
untreated fabric can be inferred as structural damage or reduced fluoride
contents. Benefiting from the existence of PDMS brushes, the
primer-PDMS fabric was highly hydrophobic with advancing/receding
WCAs of 141°/129°. The coated one almost remained water repellency
with a slight decrease in WCAs (128°/97°) even after multiple washing
cycles. Generally, a (super)hydrophobic surface shows (super)aero-
philicity [13]. Thus, air would diffuse more easily across this surface,
providing better comfort and air permeability of the coated nylon fabric.
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Fig. 1. (a) Two-layer coatings were used to prepare the multifunctional nylon fabric, and the interlayer (i.e., primer) was used as a chemical bond between the fabric
and PDMS brushes. (b) MPFs releases for different fabric samples. (c) Water contact angle (WCA) variations of the untreated and treated fabrics. The dry (d) and wet
(e) friction factors of different fabric samples. Panels b—e adapted with permission from ref. [7]. Copyright (2023) Springer Nature. PDMS, polydimethylsiloxane; MPF,
microplastic fiber; NS, not significant (P value > 0.05); *Student’s t-test P value < 0.05; **Students’s t-test P value < 0.01; ****Student’s t-test P value < 0.001; y,

friction factor; V;, sliding velocity.

The dry and wet frictions on the primer-PDMS fabrics were tested to
exhibit the performances of microplastic minimization. Four ball/disc
models were applied to illustrate the dry frictions (Fig. 1d), i.e., nylon/
nylon, nylon/brush, brush/nylon, and brush/brush. The bare fabric
(nylon/nylon) possessed the highest friction factor (4 = 0.230). As for the
nylon/brush and brush/nylon ones, both friction factors decreased and
have identical values (i.e., y = 0.150). A minimum friction factor of 0.052
was found on the primer-PDMS fabric. PDMS with a flexible structure
and low surface energy was well propitious to achieve a slippery surface
and greatly reduced solid friction [14], thus enhancing the reduction of
MPFs shedding during laundering. In regard to wet friction (Fig. 1e), the
commercial detergent solution was utilized as the lubricating agent to
study the Stribeck curves of different fabrics. When the sliding velocity
(Vs) was lower than 107! m/s, the wet friction factor of the untreated
fabrics decreased but was still larger than that of the PDMS-treated and
primer-PDMS-treated fabrics. Once V, was larger than 10~ m/s, all wet
friction factors on these three samples decreased with similar tendencies.
The primer-PDMS-treated nylon fabric sustained a stable wet friction
factor in relatively low value, thus prohibiting the formation MPFs during
cycled laundering.

Currently, various methods have been proposed to prevent micro-
plastic pollution from textile washing. Mitigation strategies consist of two
main aspects, i.e., the regulations and laws to manage microplastic
pollution as well as the public (e.g., industry and consumer) awareness to
reduce microplastic emissions. Many studies have explored the effect of
washing parameters and conditions (e.g., water-volume ratio [15],
temperature, detergents, wash duration, and spin speed [16,17]) on MPF
shedding. Moreover, some researchers have proposed using enzymes to
break down microfibers during the washing process. Different from the
physical, chemical, and biological treatments of microplastic from
wastewater in most reported works these days [18], Lahiri et al. [7]
developed a facile, easy-to-operate, sustainable coating strategy to pre-
vent MPFs from textile washing at the source. Future research requires
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multidisciplinary integration, including material science, engineering,
and environmental science, to mutually reduce the microplastic pollution
from textile washing. Finding solutions that are sustainable,
cost-effective, durable, effective, and can be adopted by consumers and
manufacturers is a significant challenge and an area for future research
efforts.

Author contributions

Conceptualization: L.Y.W. and H.Z. Data curation, funding acquisi-
tion, investigation, project administration, software, validation and
roles/writing—original draft: P.F.S. and H.Z. Formal analysis: P.F.S., C.R.
and L.Y.M. Methodology: P.F.S., L.Y.M. and L.Y.W. Resources and
visualization: P.F.S. and C.R. Supervision, writing-review and editing:
L.Y.W. and H.Z.

Declaration of competing interest

The authors declare no conflicts of interest.

References

[1] Y. Cai, D.M. Mitrano, R. Hufenus, B. Nowack, Formation of fiber fragments during
abrasion of polyester textiles, Environ. Sci. Technol. 55 (2021) 8001-8009, https://
doi.org/10.1021/acs.est.1c00650.

M. Helal, N.B. Hartmann, F.R. Khan, E.G. Xu, Time to integrate “one health
approach” into nanoplastic research, Eco-Environ. Health 2 (2023) 18-20, https://
doi.org/10.1016/j.eehl.2023.01.001.

J. Boucher, D. Friot, Primary Microplastics in the Oceans: A Global Evaluation of
Sources, 43pp, IUCN, Gland, Switzerland, 2017, https://doi.org/10.2305/
TUCN.CH.2017.01.en.

F. Dang, Q. Wang, Y. Huang, Y. Wang, B. Xing, Key knowledge gaps for One Health
approach to mitigate nanoplastic risks, Eco-Environ. Health 1 (2022) 11-22,
https://doi.org/10.1016/j.eehl.2022.02.001.

H. Kang, S. Park, B. Lee, J. Ahn, S. Kim, Impact of chitosan pretreatment to reduce
microfibers released from synthetic garments during laundering, Water 13 (2021)
2480, https://doi.org/10.3390/w13182480.

[2]

[3]

[4

[5]


https://doi.org/10.1021/acs.est.1c00650
https://doi.org/10.1021/acs.est.1c00650
https://doi.org/10.1016/j.eehl.2023.01.001
https://doi.org/10.1016/j.eehl.2023.01.001
https://doi.org/10.2305/IUCN.CH.2017.01.en
https://doi.org/10.2305/IUCN.CH.2017.01.en
https://doi.org/10.1016/j.eehl.2022.02.001
https://doi.org/10.3390/w13182480

(61

71

[8]

[91

[10]

[11]

[12]

. Sun et al.

F. De Falco, G. Gentile, R. Avolio, M.E. Errico, E. Di Pace, V. Ambrogi, M. Avella,
M. Cocca, Pectin based finishing to mitigate the impact of microplastics released by
polyamide fabrics, Carbohydr. Polym. 198 (2018) 175-180, https://doi.org/
10.1016/j.carbpol.2018.06.062.

S.K. Lahiri, Z. Azimi Dijvejin, K. Golovin, Polydimethylsiloxane-coated textiles with
minimized microplastic pollution, Nat. Sustain. 6 (2023) 559-567, https://doi.org/
10.1038/541893-022-01059-4.

H. Zhu, Y. Huang, S. Zhang, S. Jin, X. Lou, F. Xia, A universal, multifunctional, high-
practicability superhydrophobic paint for waterproofing grass houses, NPG Asia
Mater. 13 (2021) 47, https://doi.org/10.1038/s41427-021-00315-x.

Y. Ly, S. Sathasivam, J. Song, C.R. Crick, C.J. Carmalt, I.P. Parkin, Robust self-
cleaning surfaces that function when exposed to either air or oil, Science 347
(2015) 1132-1135, https://doi.org/10.1126/science.aaa0946.

M. Liu, J. Li, Y. Hou, Z. Guo, Inorganic adhesives for robust superwetting surfaces,
ACS Nano 11 (2017) 1113-1119, https://doi.org/10.1021/acsnano.6b08348.

H. Zhy, Y. Tu, C. Luo, L. Dai, X. Lou, Y. Huang, F. Xia, Temperature-triggered
switchable superwettability on a robust paint for controllable photocatalysis, Cell
Reports Physical Science 2 (2021), 100669, https://doi.org/10.1016/
j-xcrp.2021.100669.

J. Peng, L. Wu, H. Zhang, B. Wang, Y. Si, S. Jin, H. Zhu, Research progress on eco-
friendly superhydrophobic materials in environment, energy and biology, Chem.
Commun. 58 (2022) 11201-11219, https://doi.org/10.1039/D2CC0O3899D.

94

[13]

[14]

[15]

[16]

[17]

[18]

Eco-Environment & Health 2 (2023) 92-94

C. Yu, P. Zhang, J. Wang, L. Jiang, Superwettability of gas bubbles and its
application: from bioinspiration to advanced materials, Adv. Mater. 29 (2017),
1703053, https://doi.org/10.1002/adma.201703053.

S. Peppou-Chapman, J.K. Hong, A. Waterhouse, C. Neto, Life and death of liquid-
infused surfaces: a review on the choice, analysis and fate of the infused liquid
layer, Chem. Soc. Rev. 49 (2020) 3688-3715, https://doi.org/10.1039/
DOCS00036A.

M.R. Kelly, N.J. Lant, M. Kurr, J.G. Burgess, Importance of water-volume on the
release of microplastic fibers from laundry, Environ. Sci. Technol. 53 (2019)
11735-11744, https://doi.org/10.1021/acs.est.9b03022.

E. Hernandez, B. Nowack, D.M. Mitrano, Polyester textiles as a source of
microplastics from households: a mechanistic study to understand microfiber
release during washing, Environ. Sci. Technol. 51 (2017) 7036-7046, https://
doi.org/10.1021/acs.est.7b01750.

T. Yang, J. Luo, B. Nowack, Characterization of nanoplastics, fibrils, and
microplastics released during washing and abrasion of polyester textiles,
Environ. Sci. Technol. 55 (2021) 15873-15881, https://doi.org/10.1021/
acs.est.1c04826.

A. Tursi, M. Baratta, T. Easton, E. Chatzisymeon, F. Chidichimo, M.D. Biase,
G.D. Filpo, Microplastics in aquatic systems, a comprehensive review: origination,
accumulation, impact, and removal technologies, RSC Adv. 12 (2022)
28318-28340, https://doi.org/10.1039/d0tal2465f.


https://doi.org/10.1016/j.carbpol.2018.06.062
https://doi.org/10.1016/j.carbpol.2018.06.062
https://doi.org/10.1038/s41893-022-01059-4
https://doi.org/10.1038/s41893-022-01059-4
https://doi.org/10.1038/s41427-021-00315-x
https://doi.org/10.1126/science.aaa0946
https://doi.org/10.1021/acsnano.6b08348
https://doi.org/10.1016/j.xcrp.2021.100669
https://doi.org/10.1016/j.xcrp.2021.100669
https://doi.org/10.1039/D2CC03899D
https://doi.org/10.1002/adma.201703053
https://doi.org/10.1039/D0CS00036A
https://doi.org/10.1039/D0CS00036A
https://doi.org/10.1021/acs.est.9b03022
https://doi.org/10.1021/acs.est.7b01750
https://doi.org/10.1021/acs.est.7b01750
https://doi.org/10.1021/acs.est.1c04826
https://doi.org/10.1021/acs.est.1c04826
https://doi.org/10.1039/d0ta12465f

	Functional polymer brushes for anti-microplastic pollution
	Author contributions
	Declaration of competing interest
	References


