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The adsorption behavior of phosphorus in microplastics in water and soil

LI Wang', ZU Bo'"", RAN Dianrong', HUANG Yinquan', LI Jiawen®

(1. National Engineering Research Center for Inland Waterway Regulation, Chongqing Jiaotong University, Chongqing 400074, China;
2. Chongqing Academy of Ecological and Environmental Science, Chongqing 401120, China)

Abstract: In order to explore the adsorption characteristics of phosphorus (P) in microplastics in water and soil, and the influence of
different factors on the adsorption of P in microplastics and soil, two types of common microplastics [polypropylene (PP) and polystyrene
(PS)] were used to conduct adsorption experiments. The results showed that the loose and porous PP possessed a stronger adsorption
performance and larger adsorption capacity than PS. The Zeta potential of both microplastics decreased with increasing pH, and the point of
zero charge of PS and PP was reached at a pH of 5.92 and 6.45, respectively. The adsorption of P on PP and PS was mainly single-layer
saturated adsorption, the adsorption method was mainly by physical adsorption, and the adsorption process was a spontaneous reaction of
exothermic and entropy reduction. The unit adsorption of P by microplastics showed a "U-shaped" trend that decreased first and then
increased with the increase in pH, while increasing temperature was not conducive to the adsorption of P on PP and PS. With the increase
of the mass addition ratio of microplastics in soil, the increase of phosphorus adsorption in soil-microplastics system was limited. In
conclusion, the experiments showed that different types of microplastics had different adsorption capacities, and environmental factors
considerably affected their adsorption of phosphorus. The continuous accumulation of microplastics had a limited promotion effect on P
adsorption in soil, and the promotion effect did not vary greatly with the different types of microplastics. The results lay a foundation for
further research on the adsorption behavior of microplastics in soil.
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Figure 1 SEM image of microplastics
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Table 1 Fitting parameters of adsorption

R Langmuir Freundlich Dubinin-Radushkevich

Microplastics (), /(mg-g") K/(L-g™") R K 1/n R Qu/(mg-g™) B/(mol*-kJ?) R
PP 0.175 0.618 0.981 0.062 0.410 0.884 0.132 0.230 0.972
PS 0.153 0.552 0.963 0.043 0.530 0.833 0.117 0.253 0.940

WWW.QEs.0r9.CN




VRS RSy F40558H

m@g 1762

H HE R TRRARR , S T AR 2838 K, 3 156 WD 5 v A T 7T i
NSRRI B 5 Y 32 SR

T2 P 5020, 2 3 W Bl AR o P B O A
W5 FR  7E 15 C WG B EE 1.0 mg- L7 1 5.0
mg - L7 B AT, PS Xt B (14 5457 W B 22 43 5914 0.075
mg - ¢ F1 0.102 mg -+ ¢, PP 73 %l 47 0.082 mg - ¢ Fll
0.129 mg- g™, 1M 4 il J& T+ &5 5] 35 CHF, PS X 1 .
N7 1% oA 4 51 % 2 0.069 mg - ¢ #10.083 mg- g™, PP 43
5124 0.069 mg- g F10.087 mg- g id B I 5 14 T e
ANFI T PP PS 33k P R 5 08 X6 ol 1 R B, 6 2 S
TP GCRL X i B Y 38 ) 25 2880, e R T, W R ot
FEH ) AG/NT 0, U BZ W B b B B R RN, AH
FASEI/NT 0, F2 W] PR IR, X6 B8 9 2 B2 — 1Tk
ORI SN o AR A W 78007, okl 2 8%
15 Y I R B A P AG BEAIR, AH FIAS /N 0 1 3R
G 15 Y5 F ISR B HAGZ B Ry F & g [ AR
TACHE A 2R T 2 BTN (A S o R R AR A o

0.147
T 0.13F E
E o012

o —
= 011

1 -4

X 2 oaop I e
£ 0.09F -m- PP-1.0 mg-L"
E ~m- PP-5.0 mg-L"
= 0.08f PS-1.0 mg-1."!

@ PS-5.0 mg-L"
007 1 1 1 1 ]
5 6 7 8 9

pH

4 TR pH 44 T 2B B R AY 22 L IR B &
Figure 4 The unit adsorption capacity of phosphorus on

microplastics under different pH
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Figure 5 The unit adsorption capacity of phosphorus on

microplastics under different temperatures
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Table 2 Thermodynamic parameters of phosphorus adsorption

by microplastics

FAVIE =514 pp Ps
Thermodynamic
parameters I5C 25C 35C 15C 25C 35C

AG/(kJ+mol™")  -1.342 -1.193 -1.033 -1.871 -1.473 -1.371
AH/(kJ-mol™")  =5.961 -5.961 -5.961 -4.751 -4.751 -4.751
AS/(kJ-mol™"-K™") -0.014 -0.014 -0.014 -0.010 -0.010 -0.010
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Figure 6 Changes in the concentration of phosphorus before and after adsorption in the soil-microplastic system
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