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Effects of Sediment Abrasion on Microplastic Fragmentation

HAO Yongli, HU Yaxian, GUO Shengli

(State Key Laboratory of Soil Erosion and Dryland Farming on the Loess Plateau, Institute of Soil and Water Conservation, Northwest A&F
University, Yangling, Shaanxi 712100, China)

Abstract:  Objective As one of the typical forces in the process of erosion and migration, sediment abrasion can accelerate the
fragmentation of microplastics, thereby affecting microplastic migration and redistribution within the watershed. However, how

sediment abrasion affects the fragmentation behavior of microplastics is still unclear. Therefore, the objective of this study was to
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investigate the effect of sediment abrasion on the fragmentation of microplastics. ~ Method In this study, topsoil was collected
from a mulched cornfield in the Wangdonggou small watershed of the Loess Plateau and the abundance, type, and morphology of
microplastics were analyzed using a laser infrared imaging system after different treatments. The different treatments include
air-dried original soil, sediment standstill, and sediment abrasion with three concentrations of 560 kg:m~, 800 kg'm™ and 930
kg'm™. Result The results showed that: (1) PU, Polytetrafluoroethylene (PTFE), and Rubber (RB) were the main microplastics
in the study area, mostly in the form of fragments with a diameter of 10~50 um.(2) The average area of microplastic was largest
in the air-dried soil treatment (5, 234 pm?) and the smallest (2, 067 n-kg™') was in the sediment standstill treatment. The
microplastics after sediment abrasion treatments had the greatest average abundance (14, 400 n~kg’1) and the smallest average
area (2, 868 pmz). (3) The average abundance and area of microplastic under the three sediment abrasion treatments were
significantly different. The average abundance of microplastic followed the pattern: moderate sediment concentration (18, 300
n'kg™)> low sediment concentration (13, 730 n-kg™)> high sediment concentration (8, 667 nkg™"), whilst the average area of
microplastic showed: low sediment concentration (3, 932 pm?)> moderate sediment concentration (2, 472 um®)> high sediment
concentration (2, 099 pm?).  Conclusion Overall, this study demonstrates that sediment abrasion significantly increased the
microplastic abundance and reduced their areas, but the average abundance of microplastic reached the maximum at the moderate
sediment concentration abrasion intensity. The sensitivity of different microplastic types to sediment abrasion was different,
providing guiding information for the risk assessment of soil microplastic fragmentation and migration in eroding settings.

Key words: Microplastic; Abrasion; Fragmentation; Abundance; Morphological characteristics
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T A, Note: OS: Air-dried original soil; ST: Wet soil stand-still; SA: Soil abrasion; SA-Low: Soil abrasion with low soil concentration;

SA-Moderate: Soil abrasion with moderate soil concentration; SA-High: Soil abrasion with high soil concentration. The same as below.
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Fig. 1 Schematic diagram of experimental design

1.2 HMERHRERSBSNE

ARHIFGE R % B B O vR SR U R LR AE
WF: B0 g XA T 100 mL BEdRrr, A
60 mL (VN 1.7~1.8 kg'L ' 1Y ZnCL 15K, 843
PiFE 2 min IEEELR . RGBT RS —
ASBEARH, FFIA 30% H,0, T 60 mL UL A BR
AU, PR S 24 h, (15 H0, K5 +
AL TRy RN o KV AT B2 e (D8RR B
4 0.22 pm), FREIEA IR IR, BES KR
BRI A SR W TP it AT PR A B, AR IR AR A B
AR BE SRR o S5 A TR 2 B
VSWRIEA TR AR , IR RIS L, R OB e
RIG, BB UE R SE (Agilent 8700 LDIR,
A2 e/ NVREAR R 10 pm ) AT Clarity 30040 B b
R R . SRR RIESARAE . Horp, AR
FERE R T IR e RS20 B ( RAE A3 2
LA S R ) MR (RAERA
RHERE 5 RS B A RLRR B DJE 2 MR A (S50 >
0.2 BB EE <0.8), £F4E (S20 8 <0.2) Ffk (15
JE > 08) P, AT Hik$E 5 Agilent 8700 LDIR
B PEVE BCRE KT 65% M IB R T 4381 . BLAk,
KFIEPRDFEAR PR BB MR E L (B
30 i), AT R TR s T 9 P RO
T LA A SR 2 A0 U e R A < ol
1.3 BIELAESSITSH

TREE B LA “n-kg ' A BT, £l FH Excel 2021,
Origin 2022 #1 IBM SPSS Statistics ( 22.0.0.0 Jix ) %t

oM T R Y 3 B DL RO AS R AR RO 5 R
Origin 2022 il 7 AN [7] 2 b A SR [7) 55 v dk b 34
GRS 34 5 B R S 1 RR R AR 2 1R O A T LR
R 225001, AR T AS [ B ol Ak 3RS ] 5
i A R HOBRDE SRR AR, DL RO R
RIS 3 LR AR, S5 AR TR & v i
JE TR FH T RO A [v) 28 R 0 00 1) JT AT 8 A ith 47 3R 2
S3HTs SRF SPSS X Ot = B A AR 24 7 AH
KAESIBT (B2 /R3L ), AR R 30T i, 78 0.05
K L4753

2 4 R

21 ARREHESEMERATRIMEREE

EERSH

5T R AR E A (3767 nkg ™), 8
OB AL BT OB X R R, iR F)
14 400 nkg ' (FEEVLEFE 8 700~21 200 n'kg ' Z
1] ) ( P<0.05), VRVPIRIE & AL T MR8k
FEAL N 2 067 nkg ' (& 2a), 5T JE 45k
SERTE AL (5234 pm?), Vb IR I 0 frh Ak B
PHE— @ R L HI T ORI A, (22 RN
B, BAEEHNTIRL > BYOEHE > RUYEH
ryE# (& 2b ).

SRR TR v B TR R UV h RO R Y
B FE RS (B 2¢, B 2d), &
IS, HOBRCP S F R IEHR S &b (18

http://pedologica.issas.ac.cn



740 + %

61 %

=

300 nkg ') > KEFVPE (13 730 nkg') > EHEY
(8667 nkg "), MBI AYF- 24y i AR AL A e

a)

2.5%10"

2.0x10*

[
S

Abundance/(n-kg™)

1.5x10°

i

1.0x10"

5.0x10° E
==

oS ST SA
AbFR Treatments

O] 4x10°*
3x10*

2x10"

1x10° @g

F R

Abundance/(n-kg™")

SA-Low  SA-Moderate  SA-High

Vbt Soil particle concentrations

Jge ARE TR (3932 um?) > P&V E (2472 um?)
> mE T E (2099 pm?) (& 2d).

b)

8.0x10°

6.0x10°
4.0x10°
2.0x10° ‘!

0.0

TR

Average area/pm’

oS ST SA
AbFR Treatments
d)
8.0x10°

6.0x10°

4.0x10°

X

EHTE AR
Average area/pm’

2.0x10°

0.0

SA-Low  SA-Moderate

Ut Soil particle concentrations

SA-High

H: * P<0.05, **f P<<0.01, ***Jy P<<0.001, F[[. Note: * P<<0.05, ** P<<0.01, *** P<<0.001. The same as below.

B2 FES TRV I VR T RO 4 = B - 2y AR A

Fig. 2 Distribution of microplastic abundances and average area with and without abrasive disturbance
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below.

K3 wE SRR

(LRSI ek SaIE

. The same as

2L AR

Fig. 3 Distribution of microplastic particle size and shape with and without abrasive disturbance
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