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Effect and Mechanism of Polystyrene on the Co-transport of Copper and Soil
Colloids in Saturated Porous Media
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(College of Environmental Science and Engineering, Qingdao University, Qingdao 266071, China)

Abstract: [ Objective ] The ubiquitous colloidal substances in the environment profoundly affect the transport and transformation
of pollutants in soil and groundwater. The impact of microplastics, as an emerging pollutant, on the transport of colloids and
colloid-associated pollutants is still unclear. [ Method ] Therefore, column experiments were conducted in saturated quartz sand,

with polystyrene (PS) microplastics as the research object. By combining with sedimentation experiments, Fourier infrared
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spectroscopy (FTIR), and other methods, the influencing mechanisms of microplastics on soil colloid, copper (Cu®"), and their
co-transport were investigated. [ Result ] The results showed that PS facilitated the transport of soil colloids through mechanisms
involving heterogeneous aggregation with soil colloids, competition for surface sites on quartz sand, and steric hindrance. This
promotional effect was more pronounced in the presence of Cu®". In comparison to soil colloid, the effect of PS on Cu”>* migration
was not obvious due to its low concentration as well as low adsorption capacity. In the presence of PS, 83.47% of Cu®" was
transported in dissolved form, while 35.25% of Cu?" was transported in colloidal form under the effluence of soil colloid. PS
enhanced the mobility of soil colloids, but it concurrently reduced the adsorption of Cu** and facilitated the transport of dissolved
Cu*" compared to the scenario with only soil colloids. However, PS did not have a significant impact on the effluent concentration
of total Cu. Furthermore, the mobility of PS was also influenced by soil colloids and Cu?*. [ Conclusion] In general,

microplastics in the soil environment not only directly interact with Cu®*, but also alter the properties of soil colloids. Changes in

colloidal properties may be the primary reason for the impact of microplastics on the environmental behavior of Cu.

Key words: Soil colloid; Microplastics; Cu; Porous media; Transport
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Table 1 The basic physical and chemical properties of the tested soil
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gAY Particle size distribution/%
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Soil type 2~0.05 0.05~0.002 <0.002
(gkg') (cmolkg™ )
mm mm mm
Fi4% ( Brown earths ) 5.96 22.80 17.98 34.76 42.64 22.60
aee & 3| Fe/ Mn/ 1/2Ca/ 1/2Mg/ Na/ K/
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INERRIEAT/R BR L . R A NI R R E fS 8
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Fig. 1 Sedimentation curves of soil colloids (a) and PS (b) in different systems
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Table 2 Zeta potential and size of quartz sand, soil colloids, and PS
FE R zeta FEL iz
Sample Concentration/ (mg-L™") Zeta potential /mV Size/nm
VaE 2 — ~34.95+0.85 —
e N 200 -25.05+1.15 445.00+1.60
T B R +Cu® 200+10 —20.65+0.05 456.30+ 6.80
PS 10 —25.70+0.50 520.50+25.60
PS+Cu*" 10+10 —8.74+0.12 631.70+30.80
T e iAR+PS 200+10 -30.30+0.50 442.55+ 4.65
g R +PS+Cu* 200+10+10 ~15.75+0.05 512.75+ 8.05
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Fig. 2 Breakthrough curves of Cu®* (a) and soil colloids (b ) under different conditions
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Fig. 3 FTIR spectra before and after adsorption of Cu** by quartz sand (a) and soil colloids (b )
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Fig. 5 Breakthrough curves of Cu®* (a) and PS (b) under different conditions
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Fig. 6 FTIR spectra before and after adsorption of Cu®* by PS
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FM B HERERES , 8PS B 5 T LA
R . Sy —r I, WHHE PSR BEAb R HA IE
FL il 14 Cu REAE A7 422 26 1T 417 7 Fi fof ) PS FIA7 940
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