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Uptake and Accumulation of Fibrous Microplastics in a Corn Plant
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Yaqi, SHE Xilin'

(School of Environment and Geography, Qingdao University, Qingdao, Shandong 266000, China)

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 cultivated crop. [ Method ] To achieve this,
PAN microfibers, with an average diameter of 200 nm and an aspect ratio of 20+5 were synthesized using electrostatic spinning

and fluorescently labeled to facilitate tracking. Corn seedlings were exposed to these labeled fibers under hydroponic conditions
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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.

Key words: Fibrous microplastics; Polyacrylonitrile microfibers; Corn; Uptake; Accumulation
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Fig. 1 Confocal images of the cross section of corn seedlings root (a ), stem (b), and leaf ( ¢) under different excitation wavelengths
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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 ¢, 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 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’l ) .Imagesb, e, h, k, and n are dark-field images, and images c, f,

i, 1, 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
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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 ¢, f, and i are the enlarged views of the red boxes

in Figures b, e, and h, respectively

23 WHAEMBBEERENIER

PRI LT R AE TR AR P AL R AR
ABF5E K NBD-Cl FRic () PAN £ i ki1 7 2
TR, WOLHRE RS R B, XA
KL (E 6a) A (& 6d ) SR B 505 S,
M A B2 FORAR TR 21 NBD-CI-PAN £F-ZE 08 %}
AT DA o 245 R (AR N as i /K o R R 5 O AT T )
] iz, IR 2R B AR BT A I 2 50155 K 6g ).
AR JH AP IR NS K o3 ) F B E . X —45 R
RO, YR RR S B G K o i is ) Bl
SR, TEPIR BRERLIAMT, IFRAEF KA
Jok A A 2 T R B 27 2 OB kL (1 6§ ). PAN 2R
TR R AR L RIR ST ] B8 52 M FLAE AR 3 548 vh

MR SR, BABRRKAR I 47 4 OB R 25
DTEZRIE T AHES T A A e M i, IR % S
S RE A A R R M B . R TR A A BE A S0 L
SEOREE A HE— LR T B S B A R
S 2 A TSR 3l £8 K 73 e A A2 DL o AR 47 4
BRI B RSE LA, R AT R A8 i 1
TEFE PRIz SRS, 8 v AR 5 A A Y AL ZUR
R 2 M S 12 B . Ak, R AE A AR
AL RE A S ORI AR AR TR sl 2 Y, X
LA Wy 531 T REI 9 2T 2RO ORL A4 B AR
ABEFEUESE T £ HE RO A AE TR 4l i A B
2, B—KHGI kT BRI CE . BAAR
WIF5E 32 B TR 21 4R OB R E R PR A B4 W ISR 7%

http://pedologica.issas.ac.cn



588 + b1 2 e 63 %

200 pm

200 pm

K6 XFHRZE (ARUSIN NBD-ClARIC R NG A AEROREL ) Ak 14 d 5 EKRZMU A (a), HAUIA (d) 06
SRR BUSRIE . AEFOKRZERIT B R M Bk 5O, Fan B HARSH4ERUE R R . NBD-Cl ZOEARIC RN
JENELF AR (10 mg L") A 14 d J5 FORZEMYI A (g). AR () OBOGIE R M B RURIR H R538 I i 5 i
H, Wa, d, g, j2518bc, ef, h-i, k-1 B9ERE., F b, e. h, k35 AF a, d. g. jEEZIEAE, Bc. f, i, 1
SR a dy g, j IR . TEEARZEP RIS S SO, MR AR RIZOEE S, 88 HARer 4R a2t n)
B LU R

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 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-Cl fluorescently labeled Polyacrylonitrile microfibers ( 10 mg-L™" ) . Among them, Figuresa, 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, andj, respectively, and Figures
c, f, i, and ! are bright-field photographs of Figures a, d, g, andj, 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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