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Absfract Mlcropldshes (MFQ are a type of emergmg conta:mmants Hat pose a ﬁntlal threat to global terregﬂrlal 08y Stents, The aceumulation of MPs in soil § Linev itably: affec'!s soil

phvswal apd chemwal prop({llles both directly and mdlrecqlv Ad{htlona j d.wmg to their small size and s'llrface dtuleé MPs ﬁaife excellent sorption capacity for both Ofgmc and

1mrg7fn10 m,atenals thus affe(‘tmg their fate in the envm)nmgﬁt How & &b tbb mﬂuen(e of MPs on heavy metal sorptlon a'nd transport in soil is still not fully understood. Tri'this study,
pol @vlene PE) and C&‘m vere selected as research objects, and on (ihe bhsis of claﬁfy ing | the adsorption me(‘hamsm of Cd on PE MPs ,the effects of PE concentration and particle
size ml Cd ‘felease ar@'tlanﬁport HaTlavlor in soil under dlfferent 1on1cﬂsdengw (Ca™ and Na*) were sludied using column leaching experiments. The results of the batch
expenme’nts-sﬁf)wed that thc adsorption capacity of PE Ps f01 Cd* decresisedwith the increase in particle size. Scanning electron microscopy (SEM) , Fourier transform infrared
spectroscpp\ (FTIR), and Zeta potential were used to analyze the properties of PE MPs and adsorption hehavior of Cd* onto MPs. The adsorption was mainly a physical process and
was coriffolled by intra-particle diffusion. The adsorption kinetics could be described well by the quasi-second-order kinetics and Webber-Morris model. The adsorption isotherm
conformed to the Langmuir model, indicating monolayer adsorption. The results of leaching experiments showed that the effect of PE MPs on Cd release and transport in soil was
related to the CaCl, concentration. At high ionic strength (0. 05 mol+L™ and 0. 1 mol*L™), PE promoted the transport of Cd. The effluent concentration of Cd* increased from 6. 48
mg+ L™ and 16. 79 mg L t0 7. 12 mg- L and 23. 45 mg- L™, whereas at low ionic strength (0. 01 mol*L™), Cd transport was inhibited by PE MPs, and the effluent concentration of
Cd* decreased from 0. 66 mg* 1" to 0. 57 mg* L. The larger the amount of PE added, the more significant the promoting or inhibiting effect. Additionally, the release and transport
of Cd in soil were also affected by the MPs particle size and concentration. When the addition amount was small (1%, 4%), the large-sized MPs were more conducive to the transport
of Cd in soil. When the addition amount was large (7%, 20%) , MPs with small particle sizes promoted Cd* transport more significantly. When the leaching solution used was NaCl,
soil permeability decreased significantly. PE MPs had no significant effect on Cd release and transport but changed the stability of soil aggregates. In conclusion, PE MPs could
change the release and transport behavior of Cd in soil, and the impact results were not only related to the particle size and content of MPs but were also influenced by the chemical
properties of the soil solution.

Key words: polyethylene (PE) ; microplastics; adsorption; cadmium(Cd) ; leaching; soil
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Table 1  Physical and chemical properties of the tested soil
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Table 2 Experimental conditions

Hp5 + 4 15 e L g PE 7% i i (5 4 53450 /1% PE Rif% B TR /mol - L7 B
1 281 CK 0 — 0.01 CaCl,
2 281 CK 0 — 0.05 CaCl,
3 281 CK 0 — 0.1 CaCl,
4 281 CK 0 — 0.1 NaCl
5 281 Tl 1 50 m 0.01 CaCl,
6 281 T1 1 50 pum 0.05 CaCl,
7 281 T1 1 50 pm 0.1 CaCl,
8 281 Tl 1 50 pm 0.1 NaCl
9 281 Tl 1 500 pm 0.1 CaCl,
10 281 Tl 1 1 mm 0.1 CaCl,
1 281 T2 4 50 pum 0.01 CaCl,
12 281 ™2 4 50 pm 0.05 CaCl,
13 281 ) 4 50 pm 0.1 CaCl,
14 281 T2 4 50 pm 0.1 NaCl
15 281 72 4 500 wm 0.1 CaCl,
16 281 2 4 1 mm 0.1 CaCl,
17 281 T3 7 50 pm 0.01 _6aCl,
18 281 T3 7 50 pm - 0.05 S 5 Cgel,
19 281 T3 7 50 pni” ! 0.1 \ . ﬁ daCl
20 281 ) g 7 SOpp gt | 01 ; NaCl
21 281 - . 500 yom | ’ R 0.1 y /cam 1
22 281 T3 7 I mm | A~ Ny ol | c}(ﬂl 4
23 281 . T4 20 500pm | | oot . | #~Call)
24 3 | T4 /20t 50 e . . % ¥ _Dbos d -'-‘CaCl
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Fig. 1 SEM scanning and EDS spectra of PE microplastics
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Fig. 3 Adsorption kinetics of Cd** fitted with kinetic models
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Table 3 Fitted parameters of the kinetic model of Cd** adsorption on PE microplastics
» E— 25l J) 2 il e gl )y o
PE IR -
Q. /mg-g™ kb R? Q. /mg-g™ ky g-(mg-h)"! R
50pm 1.060 2.027 0.737 1.106 2.954 0.921
500pum 0.946 3.336 0.804 0.978 5.991 0.970
Imm 0.895 1.020 0.901 0.952 1.523 0.953
%4 PEERIRH Cd* i Webber-Morris R i & S
Table 4  Fitted parameters of the Webber-Morris model of Cd** adsorption on PE microplastics
PE K Be— B BE K BE =
.
kit c, k, R} c, k, R, (o ky R
50 wm 0.456 0.303 0.963 0.657 0.146 0.951 1.061 0.009 8 0.918
500 wm 0.434 0.378 0.947 0.730 0.089 0.894 0.927 0.0120 0.831
1 mm -0.046 0.645 0.780 0.480 0.140 0.978 0.883 0.008 8 0.925
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Fig. 5 Variation of Cd*" concentration and pH under different PE additions
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Fig. 6 Variation of Cd*" concentration and pH under different PE particle sizes
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Fig. 7 Variation of Cd** concentration and pH under different ionic strength
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