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Abstract: [ Objective ] Microplastic and heavy metal pollution are global problems that threaten ecosystems and human health.
Microplastics in soil can interact with soil particles and affect the physicochemical properties of soil, which in turn affects the
behavior of heavy metals in soil. [ Method ] This study systematically investigates the sorption-desorption behavior of
polyamide(PA)microplastics toward cadmium (Cd>"), chromium (Cr*"), and copper (Cu®>*) using Guizhou yellow soil as the
research object. By simulating PA's natural aging processes through multiple freeze-thaw cycles, high-temperature exposure, and
oxidation, the aging mechanisms and adsorption mechanisms are elucidated. [ Result] The results showed that the adsorption
process of PA on the three heavy metals could be divided into two stages: rapid adsorption (0-90 min), slow adsorption(90-150
min)and equilibrium adsorption (150 min), and the adsorption amount reached more than 99% of the saturation amount. Also, the
kinetic behaviors conformed to the pseudo-second-degree model (R> > 0.999), which indicated that chemosorption was the
dominant mechanism. Moreover, the adsorption data fitted better the Langmuir model compared to the Freundlich model (R* >
0.978), and PA significantly enhanced the adsorption capacity of Cr*" from the soil (K| value increased by 59.1%). After 21 days
of aging, PA surface roughness, crystallinity, specific surface area (+44.49%), and negative charge density (—36.53 mV) increased
significantly, resulting in an increase in heavy metal adsorption (P < 0.05) and a decrease in desorption. The largest decrease in
desorption was observed for Cd*" (18.7%) and the smallest for Cr** (4.2%). Furthermore, carboxyl (-COOH) and hydroxyl
(—-OH)groups generated by oxidizing the PA surface during aging strengthened heavy metal immobil ization through coordination
and electrostatic interactions, whereas the increase in the proportion of crystalline regions further inhibited desorption.
[ Conclusion ] This study reveals the mechanism of adsorption enhancement of soil heavy metals by aged PA, which provides a
theoretical basis for the risk assessment and management of microplastic-heavy metal composite pollution in karst areas.

Key words: Polyamide microplastics; Heavy metals; Yellow soil; Adsorption and desorption; Cyclic aging
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Table 1 Basic physical and chemical properties of the tested soil
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(gkg")
B
Yellow 6.43 26.27 1.13 3.63 0.59 69.41 27.75 0.88 76.72
soil
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Fig.2 Adsorption kinetics of heavy metals on soil and soil-PA mixed systems (a, d: Pseudo first order and pseudo second order equations for

Cd*; b, e: Pseudo first order and pseudo second order equations for Cr'*; ¢, f: Pseudo first order and pseudo second order equations for Cu**)
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Table 2 Fitting parameters of the adsorption kinetic model
fh—2% Pseudo first order model h %% Pseudo second order model
T4 J& Heavy metal AbF Treatment

K, 0. R K, 0. R
) CK 0.019 0.353 0.810 10.11 0.349 0.999
« Soil-PA 0.017 0.318 0.840 15.73 0.316 0.999
. CK 0.022 0.542 0.773 21.36 0.537 0.999
“ Soil-PA 0.021 0.478 0.787 13.98 0.476 0.999
. CK 0.023 0.534 0.685 31.12 0.532 0.999
o Soil-PA 0.025 0.463 0.724 14.25 0.460 0.999

F: K P —lE R Ko, D PO RE R O., FHW MR ; R?, HHEER %L, T, Note: K. Pseudo first order rate constant;

K>, Pseudo second order rate constant; Q., Equilibrium adsorption capacity; R?, Correlation coefficient. The same below.
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Fig. 3 Adsorption isotherms of heavy metals on soil and soil-PA mixed systems

http://pedologica.issas.ac.cn



24 ZEIFMG A - R IISEIEL 9K 38 T 0 SR e T SR X 5 M B SR R B <53 8 ) S i) 609

®3 FEWMMERUESH

Table 3  Fitting parameters of the isothermal adsorption model

Freundlich Langmuir
T4 J& Heavy metal AbFH Treatment
n Ky R? Ormax KL R’
.. CK 0.726 0.040 0.986 1.247 0.023 0.994
« Soil-PA 0.782 0.029 0.956 1.262 0.016 0.978
" CK 0.800 0.070 0.998 2.498 0.022 0.999
“ Soil-PA 0.696 0.070 0.996 1.414 0.035 0.998
) CK 0.805 0.070 0.967 2.479 0.023 0.983
c Soil-PA 0.723 0.062 0.975 1.470 0.020 0.992

Heon, WG Ke, WM E W EG O BEIC IR W25 55 Ko, W5 0% B BT A 55 1 o Note: n, Adsorption intensity

constant; Kr, Adsorption capacity constant; Qnax, Theoretical maximum adsorption capacity; K, Affinity between adsorbent and adsorbate.
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Lo R ARG AR R A AR TR B, X AR S 1 25 SR AH
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Table 4 Calculations based on FTIR and XRD characterization

FTIR XPS
EALEN
} T o = Adm A
Aging condition FRIEFEEL CI o/C N/C
C content/% O content/% N content/%

Z AT Before aged 1.004 75.520 12.410 12.070 0.164 0.973
FAk 7K Aged 7d 1.021 74.690 15.310 10.000 0.205 0.653
Ak 14 K Aged 14 d 1.030 73.320 14.710 11.970 0.201 0.814
Z1k 21 K Aged21d 1.031 72.160 16.540 11.300 0.229 0.683
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