563 % 52 M + o W) Vol. 63, No. 2
2026 4E 3 A ACTA PEDOLOGICA SINICA Mar., 2026

DOI: 10.11766/trxb202505220234 CSTR: 32215.14.trxb202505220234
TR, LT ML, R, A, 2558, SR IR FER B OB R e e rh BRI AR AT A SE ], 3244, 2026, 63(2): 510-520.
XU Zehua, NI Zifan, ZHOU Shiyin, CUI Min, LI Jia.Long-Term Natural Aging Behavior of Polyvinyl Chloride and Polyamide Microplastics

in Soil[J]. Acta Pedologica Sinica, 2026, 63 (2): 510-520.

RRCHMBEAMEERIE T IRPRIKBAZLITA
j?‘*

S
A)

wEL, BT, AXE, &2 &, F F

(MR 5 TR e, s 225127)

i E: 2SRRI BT, SRR IR R R AR SRR . SR, E TR DG EHC I B AR A T R
BHBEZ . EHBERA LM (PVC) FIEREE: (PA) PIFILRIGOER, MR- HRRE-HIBENHEZ N RREERR, RN
W12 AR RS, R BHEOE . S 545 2 EHR T B B AHTS OB R BV BT T RAE, R
BT A B AR T DA AN R A OB R R EVE . A5 RRW], B T2 PVC MOBRLE TRIZIRD G,
PR SR RERI A . FRHUBUIE b RSO GI RUV, REOLRTES . B RRAR Y & A B84, [Mn, Rzl
HEEA T3 PVC BB E TERRAL. BERT 13 (0 cm) M (10 cm) B PVC R 2R A Y, (HB] RAL
TRETZESTH PVC IR, R A L PVC MBS R IR s AtE . BEETES Y PA UIBEHRIRE &
A TR AR, SEOURARRERIT (P<0.05), EHIEEE (C1) e EPMAG SRR, B T2 PA Ik
HYRACTRIE S TR AR Y . ADIEE Z IR B LS, 875 T PYC 1 PA (UEBEHE BRI b iy 28 e et
Mo WFTEER N 58 35 PR OBRL PR XU DA R R AL AL % LD A S0y S84 it T e S8

K L BORRL: Bt BTN RRUETE

FESES: X53 XEARAERD: A

Long-Term Natural Aging Behavior of Polyvinyl Chloride and Polyamide
Microplastics in Soil

XU Zehua, NI Zifan, ZHOU Shiyin, CUI Min, LI Jia
(College of Environmental Science and Engineering, Yangzhou University, Yangzhou, Jiangsu 225127, China)

Abstract: [ Objective ] Microplastics are ubiquitous in environments, posing potential threats to ecosystems. As a persistent
contaminant, they can undergo aging during prolonged environmental exposure. Aging alters the physicochemical properties of
microplastics, thereby modulating their environmental fate and ecological risks. Considering that various environmental factors,

including radiation intensity, medium type, humidity, and temperature, play a critical role in the aging process of microplastics, it
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is evident that the natural aging behavior of microplastics differs significantly from that observed under controlled laboratory
aging simulations. However, research on long-term natural aging of microplastics remains limited. [ Method ] In this study, two
typical microplastics, polyvinyl chloride (PVC) and polyamide (PA), were selected. A multi-environment exposure system
encompassing atmospheric, topsoil (0 cm), and subsurface soil (10 cm) environments was established to conduct a 12-month
natural aging experiment. The physicochemical properties of microplastics before and after aging were characterized using
microscopic, spectros-copic, and thermogravimetric techniques, combined with chemical and thermal degradation approaches to
evaluat- the stability of aged microplastics. [ Result ] The results showed that the natural aging behaviors of PVC and PA
microplastics differed significantly and were closely dependent on environmental conditions. Specifically, sunlight-induced
photo-degradation was the primary natural aging pathway for PVC microplastics. This process was characterized by significant
changes in their physicochemical properties, including the formation of oxygen-containing functional groups, the generation of
conjugated bonds, and the cleavage of the polymer backbone. These reactions resulted in notable alterations in surface
morphology, color, and particle size. Concurrently, atmospheric-exposed PVC microplastics exhibited a significant decrease in
stability, as demonstrated by a lower pyrolysis temperature and a higher oxidative degradation rate. In contrast, soil-exposed PVC
microplastics (both topsoil and subsurface) exhibited comparable aging levels. While PVC microplastics on the soil surface were
also exposed to sunlight, surface attachment to soil particles and the shading effect of plants significantly reduced the extent of
their photoaging. Consequently, due to the absence of sunlight-induced photo-aging, the aging level of soil-exposed PVC
microplastics was lower than that of atmospheric-exposed PVC microplastics. This suggests that PVC microplastics demonstrate
greater persistence in soil environments over extended periods. Atmospheric-exposed PA microplastics underwent marked
photodegradation, exhibiting a significant decrease in particle size (P < 0.05). However, carbonyl index (CI) and stability analyses
revealed equivalent aging levels between atmospheric- and soil-exposed PA microplastics. This finding is inconsistent with the
behavior of PVC microplastics, suggesting that PA microplastics can undergo relatively significant aging even in soil
environments lacking direct sunlight exposure. [ Conclusion ] This multi-environment aging study elucidates the divergent aging
behaviors of PVC and PA in natural settings. These findings provide theoretical foundations for refining risk assessment
frameworks and optimizing laboratory aging simulations for both microplastic types.

Key words: Soil; Microplastics; Aging; Physicochemical properties; Stability
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Table 1 The elemental composition of pristine and aged microplastics

e 173 A A A SRR
Microplastics C/% O/% Cl/% N/% o/C
PVC-CK 77.62 11.06 11.31 - 0.14
PVC-S 66.75 19.93 13.32 - 0.30
PVC-SS 68.94 13.81 17.24 - 0.20
PVC-IS 69.86 14.65 15.49 - 0.21
PA-CK 77.0 11.56 11.44 0.15
PA-S 72.43 16.34 11.23 0.23
PA-SS 59.19 32.54 8.27 0.55
PA-IS 72.41 17.47 10.12 0.24

[E: PVC-CK, FURRA LM ; PVC-S, TEFiM L 2R A LM PVC-SS, TELREMMRALM; PVC-IS, TELNBMAM
RELH; PA-CK, JSURREN; PA-S, el L L) RBEN; PA-SS, 7e L3 BRI RBEN; PA-IS, fELNEILRIERBE. T
Al P E£ LR G RILT X HLOLHE FREIHL( XPS ) #7#5H . Note: PVC-CK, pristine polyvinyl chloride; PVC-S, polyvinyl chloride
aged on the sieve; PVC-SS, polyvinyl chloride aged on the soil surface; PVC-IS, polyvinyl chloride aged in the soil; PA-CK, pristine
polyamide; PA-S, polyamide aged on the sieve; PA-SS, polyamide aged on the soil surface; PA-IS, polyamide aged in the soil. The same

below. Table values reflect elemental concentrations measured via X-ray photoelectron spectroscopy ( XPS) .
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Fig. 1 Fourier transform infrared spectroscopy ( FTIR ) spectra of pristine and aged microplastics ( a. PVC, b. PA)
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Fig.2 Deconvoluted XPS spectra of the pristine and aged microplastics in the Cls regions ( a. PVC-CK, b. PVC-S, c. PVC-SS, d. PVC-IS,
e. PA-CK, f.PA-S, g.PA-SS, h.PA-IS)
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Fig.3 Optical images of pristine and aged microplastics
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Fig. 4 Scanning electron microscope ( SEM ) images of pristine and aged microplastics ( a. PVC-CK, b.PVC-S, ¢. PVC-SS, d.PVC-IS, e.
PA-CK, f.PA-S, g.PA-SS, h.PA-IS)
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Fig. 5 Particle size of the pristine and aged microplastics (a. PVC, b. PA)
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Table 2 The carbonyl index (CI) values of the pristine and aged microplastics
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Fig. 6 Thermogravimetric analysis ( TGA ) curves of the pristine and aged microplastics ( a. PVC, b. PA)
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Fig. 7 Mass loss of the pristine and aged microplastics under chemical degradation conditions (a. PVC, b. PA)
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