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Effect of microplastics on soil phosphorus adsorption
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(College of Environment and Ecology, Chongqing University, Chongqing 400045, P. R. China)

Abstract: Microplastics are emerging pollutants widely present in soil, and their effects on soil phosphorus (P)
adsorption are still unclear. This paper examined the effects of 0.1% to 10% microplastics on soil P adsorption and
the underlying mechanisms. The results showed that microplastics could significantly increase the rate of liquid
film diffusion stage in the first stage of the adsorption process (p<0.05). Compared with the pure soil (¢.=
6.456 mg/g), the soil P adsorption capacity was significantly reduced by microplastics with less than 1%
concentration (p<0.05). However, the soil P adsorption capacity was significantly increased by microplastic with
concentrations higher than 5% (p<0.05). Additionally, the smaller the particle size of microplastics, the greater the
P adsorption capacity of soil with the same microplastic concentration. Microplastics could compete with P for
adsorption sites, which reduced the adsorption of P in the microplastic-soil system. However, microplastics could
also directly adsorb P, leading to an increase in the P adsorption capacity of microplastic-soil system when
microplastic concentration were more than 5%. Therefore, microplastics pollution in soil could significantly
change P adsorption characteristics, which closely related to the microplastics concentration and particle size.
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Table 1 Basic properties of the tested soil
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40.33 5.80 1.40 0.93 8.20 65.97 25.83
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Fig.1 Fitting of adsorption kinetics curve of phosphorus in microplastics-soil system
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Table 2 Fitting parameters of Pseudo-first-order and Pseudo-second-order kinetic models
E— AT M RAE R
415
q/(mg-g") k, R q/(mg-g") k, R
0% PS-MPs 0.809 8.199 0.998 821.883 0.032 0.998
0.1% PS-MPs 0.778 8.887 0.999 788.043 0.037 0.999
0.5% PS-MPs 0.792 8.393 0.999 800.967 0.040 0.999
1% PS-MPs 0.798 8.216 0.999 808.211 0.034 0.999
5% PS-MPs 0.832 8.317 0.999 843.703 0.041 0.999
10% PS-MPs 0.848 9.343 0.998 856.140 0.047 0.999
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Fig.2 AdsorptionKkinetics curve of phosphorusin microplastics-soil system three-stage

fitting of the intraparticle diffusion model
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Table 3 Fitting parameters of intraparticle diffusion model

5 BB 9B 5= B
45
k, X, R k., X, R’ ks X, R
0% PS-MPs 0.758 0.024 0.904 0.019 0.774 0.969 0.002 0.832 0.901
0.1% PS-MPs 0.778 0.041 0.871 0.020 0.737 0.943 0.002 0.786 0.911
0.5% PS-MPs 0.778 0.027 0.888 0.020 0.748 0.861 0.003 0.794 0.785
1% PS-MPs 0.771 0.020 0.979 0.019 0.761 0.843 0.004 0.790 0.937
5% PS-MPs 0.803 0.019 0.932 0.021 0.788 0.929 0.002 0.837 0.983
10% PS-MPs 0.779 0.087 0.845 0.019 0.806 0.796 0.004 0.849 0.719
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Fig.3 Adsorption isotherm fitting of phosphorus in microplastics-soil system
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Table 4 Fitting parameters of adsorption isotherm model
Linear Freundlich #& 7 Langmuir £ /i
45
K, R K, n R g./(mg-g™) K, MBC/(mg-g™) R
0% PS-MPs 20.7 0.852 24.67 1.14 0.904 6.456 0.008 0.052 0.946
0.1% PS-MPs 19.6 0.839 24.35 1.13 0.903 6.235 0.008 0.050 0.939
0.5% PS-MPs 18.8 0.817 28.72 1.21 0.917 5.501 0.009 0.049 0.931
1% PS-MPs 19.2 0.856 25.68 1.16 0.871 6.156 0.008 0.049 0.967
5% PS-MPs 229 0.893 27.29 1.15 0.927 7.924 0.007 0.055 0.979
10% PS-MPs 23.8 0.902 21.62 1.04 0.949 8.220 0.007 0.058 0.962
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Fig.4 Phosphorus adsorption capacity of microplastics-soil system with three different microplastic particle sizes
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Fig.5 XRD spectra of microplastics-soil system
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Fig.6 FT-IR spectra of microplastics-soil system
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