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Uptake and Accumulation of Fibrous Microplastics in a Corn Plant
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Abstract: [Objective] Microplastic pollution has emerged as a significant global environmental issue, with fibrous
microplastics constituting a substantial portion of this pollutant. These tiny fibers, often derived from synthetic textiles and
industrial processes, can infiltrate various ecosystems, including soil and water. Understanding the behavior and fate of
fibrous microplastics in plants is crucial to assessing their potential ecological risks and human health implications. This

study aimed to investigate the uptake and transport of polyacrylonitrile (PAN) fibrous microplastics in corn plants, a widely
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cultivated crop. [ Method]To achieve this, PAN microfibers, with an average diameter of 200 nm and an aspect ratio of 2045
were synthesized using electrostatic spinning and fluorescently labeled to facilitate tracking. Corn seedlings were exposed to
these labeled fibers under hydroponic conditions for two weeks. The distribution and localization of the fibers within the
plant tissues were subsequently examined using laser confocal microscopy and scanning electron microscopy. [Result] The
results revealed that the PAN microfibers were able to penetrate the root interior through nascent lateral root fissures. Once
inside the root, the fibers were transported upward along the xylem ducts to the stems. However, the fibers were not detected
in the vascular tissues of the leaves, suggesting that their translocation was primarily restricted to the root and stem systems.
The ability of corn roots to absorb and accumulate these fibers highlights the potential for microplastic bioaccumulation in
plant tissues. Also, the large surface area of fibrous microplastics may have contributed to their efficient adsorption by root
surfaces, facilitating their entry into the plant whereas the fibrous morphology enhanced their penetration through root tissues.
In addition, the accumulation of fibrous microplastics in plants could potentially disrupt plant growth, development, and
physiological processes. [Conclusion] This study provides the first direct evidence of fibrous microplastic uptake and
transport in higher plants, and highlights the possible transfer of fibrous microplastics from plants to herbivores and
humans through the food chain. The research results provide an important scientific basis for in-depth understanding of the
migration and transformation laws of different shapes of microplastics in plant-soil systems, and also provide support for an
assessing their impact on ecological environmental health and food safety. Our results necessitate the need for further
research to investigate the factors influencing fibrous microplastic uptake and transport in plants, the potential ecological and
toxicological impacts of fibrous microplastic exposure, and effective strategies for minimizing their environmental and
human health risks.
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Fig. 1 Confocal images of the cross section of corn seedlings root (a), stem (b), and leaf (c) under different excitation

wavelengths
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(¥ ClI (3. Note: a.Scanning electron microscopy (SEM) image of fiber microplastics fluorescently labeled with Nile
blue chloride (NB-PAN); b. Fluorescence microscopy image of NB-PAN; c. SEM image of fiber microplastics fluorescently
labeled with 4-chloro-7-nitro-1,2,3-benzoxadiazole (NBD-CI-PAN); d. Fluorescence microscopy image of NBD-CI-PAN; e.
Transmission electron microscopy (TEM) image of NB-PAN; f. High-angle annular dark dark-field imaging of NB-PAN; g-j.

Elemental mapping analysis of NB-PAN: C (orange), N (blue), O (green), CI (yellow); k. TEM images of NBD-CI-PAN; I.

High-angle annular dark-field imaging of NBD-CI-PAN; m-p. Elemental mapping analysis of NBD-CI-PAN: C (red), N
(green), O (blue), CI (yellow).
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Fig. 2 Characterization of fluorescently labeled polyacrylonitrile (PAN) microfibers
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Fig. 3 Confocal images of cross and longitudinal section of corn root treated for 7 d without Nile blue fluorescently labeled
polyacrylonitrile microplastics fibers. Images a, and d are the corresponding merged images of images b and c, e and f. No
red fluorescence was observed in corn root transverse and longitudinal sections, indicating no accumulation of

polyacrylonitrile microplastics in the root tissue
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Fig. 4 Composite images of laser confocal microscopy of the longitudinal section (a) and cross section (d) of the corn root
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base, the longitudinal section (g) and cross section (j) of the lateral root, and the longitudinal section (m) and cross section (p)
of the root tip after 7 days of treatment with NBD-CI-PAN (200 nm in diameter, 3-5 um in length, 10 mg-L%). Images b, e, h,
k, and n are dark-field images, and Images c, f, i, |, and r are bright field images. Red fluorescence was observed in both the
cross section and longitudinal section of the corn root, indicating the accumulation of polyacrylonitrile microfibers in the root
tissue

NN T KAR BB AE BRI T 9L hRic i PAN SF4EmiERY F &, AHE 7R SEM M T
TRIRIHLAY) . SEM EE R (K 5a-F& 5¢), NB-PAN £F4Ef k] 35 5250 A /5 5 KAR R IR
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AL IR, BOR M RAR B A AR A N A TR S SRR, S5 T o BHEEm AL . b,
ANFE IR LT BRI, R RIS fy m] BEAFAE 22 10, A 2 5 A ) S K HLAE R A
WA REHE— D R AL AR HA IS 1 . REER IR T A YRR YR A IR AT O, NIRRT
RSN TR T EZ AR .

! il
K5 AL R 2 ehric B IS L 4Rl (E4% 200 nm, & 3~5pum, 10mg L) A3 8d J5 E KA LR
HhAE (2) FREMNTIE P EEAL (d) BLEARFERIREAEATIm (g R EiE . Kb, Bla. d. g 205k
FEAMARA R, Be £ i 208K by ev h LG ITHEALKIBORE
Fig. 5 Scanning electron micrographs of root transverse section at mid-column (a) and root longitudinal section at
mid-column (d) and root longitudinal section at cleft (g) of maize after 8 d of treatment with NB-PAN (200 nm in diameter,
3-5 um in length, 10 mg-L-). Among them, Figures a, d, and g are the global views of the base and lateral roots respectively,

and Figures c, f, and i are the enlarged views of the red boxes in Figures b, e, and h, respectively
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Fig. 6 Laser confocal micrographs of corn stem sections (a) and leaf sections (d) after 14 d of ultrapure water treatment with

control (no NBD-CI-PAN). No green fluorescence was observed in either stems or leaves, indicating no accumulation of the
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target microfibers. Composite images of laser confocal microimaging bright and dark field superimpositions of corn stem
sections (g) and leaf sections (j) after 14 d of treatment with NBD-CI fluorescently labeled Polyacrylonitrile microfibers (10
mg 1.1 ). Among them, Figures a, d, g, and j are composite images of b-c, e-f, h-i, and k-1, respectively. Figures b, e, h, and k
are dark-field photographs of Figures a, d, g, and j, respectively, and Figures c, f, i, and | are bright-field photographs of
Figures a, d, g, and j, respectively. Faint green fluorescence was observed in the corn stems, and no fluorescent signal was
observed in the leaves, indicating that the target fibers did not continue to transport upward to accumulate in the leaf tissues
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fle. Feis MR R ZERE. FN, S SR EREEREY A RE . AR AR
RISZIED,  DLRO AR it ™ A i BT RIS o BT ERANRIT ST, WO A T PEAl 2T E R il s A2 25 &
G0 RN S FE TR AE RE A S (R 2 AR, Ja il s A L PRI R 37 SRS 2 F0 S 4
SZ 3k (References)

[1] Geyer R, Jambeck J R, Law K L. Production, use, and fate of all plastics ever made[J]. Science Advances, 2017, 3(7):
e1700782.

[2] Wang F Y, Wang Q L, Adams C A, et al. Effects of microplastics on soil properties: Current knowledge and future
perspectives[J]. Journal of Hazardous Materials, 2022, 424: 127531.

[3] Zurier H S, Goddard J M. Biodegradation of microplastics in food and agriculture[J]. Current Opinion in Food Science,
2021, 37: 37-44.

[4] Li K, Luo XY, Rony M W, et al. Low-frequency noise and border traps in irradiated nMOS and pMOS bulk Si FInFETs
with SiO2/HfO2 gate dielectrics[J]. IEEE Transactions on Nuclear Science, 2023, 70(4): 442-448.

[5] Allen S, Allen D, Phoenix V R, et al. Atmospheric transport and deposition of microplastics in a remote mountain
catchment[J]. Nature Geoscience, 2019, 12(5): 339-344.

[6] Dris R, Imhof H, Sanchez W, et al. Beyond the ocean: Contamination of freshwater ecosystems with (micro-) plastic
particles[J]. Environmental Chemistry, 2015, 12(5): 539.

[7]1 American Chemical Society. Methods for microplastics, nanoplastics and plastic monomer detection and reporting in
human tissues. 2020. Available from: https://www.eurekalert.org/news-releases/478209.

[8] Leslie H A, van Velzen M J M, Brandsma S H, et al. Discovery and quantification of plastic particle pollution in human

http://pedologica.issas.ac.cn



+ gk
Acta Pedologica Sinica

blood[J]. Environment International, 2022, 163: 107199.

[9] Ragusa A, Svelato A, Santacroce C, et al. Plasticenta: First evidence of microplastics in human placenta[J]. Environment
International, 2021, 146: 106274.

[10] Ren S Y, Wang K, Zhang J R, et al. Potential sources and occurrence of macro-plastics and microplastics pollution in
farmland soils: A typical case of China[J]. Critical Reviews in Environmental Science and Technology, 2024, 54(7): 533-556.
[11] Kole P J, L& A J, Van Belleghem F G A J, et al. Wear and tear of tyres: A stealthy source of microplastics in the
environment[J]. International Journal of Environmental Research and Public Health, 2017, 14(10): 1265.

[12] Zhang L S, Xie Y S, Liu J Y, et al. An overlooked entry pathway of microplastics into agricultural soils from application
of sludge-based fertilizers[J]. Environmental Science & Technology, 2020, 54(7): 4248-4255.

[13] Zhou Q, Tian C G, Luo Y M. Various forms and deposition fluxes of microplastics identified in the coastal urban
atmosphere[J]. Chinese Science Bulletin, 2017, 62(33): 3902-3909. [Af&, HEE, WKW, EIFRT KA H RN S
FhEIBRL K H b im i 72 e [J]. Rk, 2017, 62(33): 3902-3909.]

[14] Liu M T, Lu S B, Song Y, et al. Microplastic and mesoplastic pollution in farmland soils in suburbs of Shanghai,
China[J]. Environmental Pollution, 2018, 242: 855-862.

[15] Li L Z, Zhou Q, Yin N, et al. Uptake and accumulation of microplastics in an edible plant[J]. Chinese Science Bulletin,
2019, 64(9): 928-934. [Z=iEwT, JEfh, FHF, % & FHBEREICIE ROERII]. Rl2#iE4K, 2019, 64(9): 928-934.]
[16] LiRJ, LiLZ Zhang Y C, et al., Uptake and accumulation of microplastics in a cereal plant wheat. Chinese Science
Bulletin, 2020. 65(20): p. 2120-2127. [Z=5n7, 450, sk, 5. RAFMEY /N2 Re RSO 5 580K L0 BB Rk,
Bl 2020, 65(20): 2120-2127]

[17] Li L Z, Luo Y M, Li R J, et al. Effective uptake of submicrometre plastics by crop plants via a crack-entry mode[J].
Nature Sustainability, 2020, 3(11): 929-937.

[18] Luo Y M, Li L Z, Feng Y D, et al. Quantitative tracing of uptake and transport of submicrometre plastics in crop plants
using lanthanide chelates as a dual-functional tracer[J]. Nature Nanotechnology, 2022, 17(4): 424-431.

[19] Barrows A W, Cathey S E, Petersen C W. Marine environment microfiber contamination: Global patterns and the
diversity of microparticle origins[J]. Environmental Pollution, 2018, 237: 275-284.

[20] Chen R Z, Zhao X L, Wu X W, et al. Research progress on occurrence characteristics and source analysis of microfibers
in the marine environment[J]. Marine Pollution Bulletin, 2024, 198: 115834.

[21] Napper | E, Thompson R C. Release of synthetic microplastic plastic fibres from domestic washing machines: Effects of
fabric type and washing conditions[J]. Marine Pollution Bulletin, 2016, 112(1/2): 39-45.

[22] Liu S C, Liu S Z, Liu L, et al. Photodegradation of bisphenol A (BPA) in coastal aquaculture waters: Influencing factors,
products, and pathways[J]. Chemosphere, 2024, 363: 142708.

[23] Aldalbahi A, EI-Naggar M E, El-Newehy M H, et al. Effects of technical textiles and synthetic nanofibers on
environmental pollution[J]. Polymers, 2021, 13(1): 155.

[24] Bao R Q, Wang Z Z, Qi H Y, et al. Occurrence and distribution of microplastics in wastewater treatment plant in a
tropical region of China[J]. Journal of Cleaner Production, 2022, 349: 131454.

[25] Gavigan J, Kefela T, Macadam-Somer I, et al. Synthetic microfiber emissions to land rival those to waterbodies and are
growing[J]. PLoS One, 2020, 15(9): e0237839.

[26] de Souza Machado A A, Lau C W, Till J, et al. Impacts of microplastics on the soil biophysical environment[J].
Environmental Science & Technology, 2018, 52(17): 9656-9665.

[27] Liu S C, Liu S Z, Xiao X Y, et al. Fibrous microplastics in the environment: Sources, occurrence, impacts, and
mitigation strategies[J]. Aquatic Toxicology, 2024, 276: 107119.

[28] Rillig M C. Microplastic in terrestrial ecosystems and the soil?[J]. Environmental Science & Technology, 2012, 46(12):
6453-6454.

http://pedologica.issas.ac.cn



+ gk
Acta Pedologica Sinica

[29] de Souza Machado A A, Lau C W, Kloas W, et al. Microplastics can change soil properties and affect plant
performance[J]. Environmental Science & Technology, 2019, 53(10): 6044-6052.

[30] Singh N, Abdullah M M, Ma X M, et al. Microplastics and nanoplastics in the soil-plant nexus: Sources, uptake, and
toxicity[J]. Critical Reviews in Environmental Science and Technology, 2023, 53(18): 1613-1642.

[31] Gray A D, Weinstein J E. Size- and shape-dependent effects of microplastic particles on adult daggerblade grass shrimp
(Palaemonetes pugio)[J]. Environmental Toxicology and Chemistry, 2017, 36(11): 3074-3080.

[32] Qiao R X, Deng Y F, Zhang S H, et al. Accumulation of different shapes of microplastics initiates intestinal injury and
gut microbiota dysbiosis in the gut of zebrafish[J]. Chemosphere, 2019, 236: 124334.

[33] Sait S T L, Sarensen L, Kubowicz S, et al. Microplastic fibres from synthetic textiles: Environmental degradation and
additive chemical content[J]. Environmental Pollution, 2021, 268: 115745.

[34] Martinez V, Henary M. Nile red and Nile blue: Applications and syntheses of structural analogues[J]. Chemistry, 2016,
22(39): 13764-13782.

[35] Li L Z, Luo Y M, Peijnenburg W J G M, et al. Confocal measurement of microplastics uptake by plants[J]. MethodsX,
2020, 7: 100750.

[36] Sun X D, Yuan X Z, Jia Y B, et al. Differentially charged nanoplastics demonstrate distinct accumulation in Arabidopsis
thaliana[J]. Nature Nanotechnology, 2020, 15(9): 755-760.

[37] Rillig M C. Plastic and plants[J]. Nature Sustainability, 2020, 3(11): 887-888.

[38] Wang Z Y, Xie X Y, Zhao J, et al. Xylem- and phloem-based transport of CuO nanoparticles in maize (Zea mays L.)[J].
Environmental Science & Technology, 2012, 46(8): 4434-4441.

[39] Qin Y, Yang H, Xu Z L, et al. Surface modification of polyacrylonitrile membrane by chemical reaction and physical
coating: Comparison between static and pore-flowing procedures[J]. ACS Omega, 2018, 3(4): 4231-4241.

[40] Cifuentes Z, Custardoy L, de la Fuente J M, et al. Absorption and translocation to the aerial part of magnetic
carbon-coated nanoparticles through the root of different crop plants[J]. Journal of Nanobiotechnology, 2010, 8: 26.

[41] Ma W L. Botany[M]. 2nd ed. Beijing: Higher Education Press, 2015. [, HY2E[M]. 2 iR, dbat: HEHE HR
#t, 2015.]

[42] Tumwet F C, Richter A, Kleint T, et al. Vertical movement of microplastics by roots of wheat plant (Triticum aestivum)
and the plant response in sandy soil[J]. Microplastics and Nanoplastics, 2024, 4(1): 15.

[43] Boots B, Russell C W, Green D S. Effects of microplastics in soil ecosystems: Above and below ground[J].
Environmental Science & Technology, 2019, 53(19): 11496-11506.

[44] Rillig M C, Ingraffia R, de Souza Machado A A. Microplastic incorporation into soil in agroecosystems[J]. Frontiers in
Plant Science, 2017, 8: 1805.

[45] Dong S N, Xia J H, Sheng L T, et al. Transport characteristics of fragmental polyethylene glycol terephthalate (PET)
microplastics in porous media under various chemical conditions[J]. Chemosphere, 2021, 276: 130214.

(FEREE: 18HAD

http://pedologica.issas.ac.cn



