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

DOI: 10.11766/trxb202511060530 CSTR: 32215.14.trxb202511060530
SKEY, SRRRIR, NEREE, HRRLER, AOCHE, s, WSS ZIBSRMET PBAT UKL LIEARRIRFIE R )], LIEAEHR, 2026,
63 (2): 488-499.

ZHANG Ming, ZHANG Shicheng, YING Jundie, SHAO Zhuochen, LI Wenfeng, ZHANG Daoyong, PAN Xiangliang. Impacts of Saline-alkaline
Soil Clay Properties by PBAT Nanoplastics Under Rewetting Condition[J]. Acta Pedologica Sinica, 2026, 63 (2): 488-499.

SIREMT PBAT JUREBRI IS EhAg T IR RAAFIE BRI
KON, ORI, MARES, R, FXE, kEF-, Bwr

(1. W8 A SEEE ) S B TR S S0 3, Wi ToloRSFH PR BB, AU 3100145 2. WA Tolk s Y Raria PR R T s
Yo, WL T R2EIREE2EGE, B 3100145 3. FlgERBIRIRLEA R TR AR L, P EBEBE BB AT, 77 810008 )

M OE: UERMECHRR-C R T R (PBAT ) AR A: Yy mT R s e i B b I PE A BF X T2 ], DARRRLN 32
(10 214 by 1 v T 5% B A R 40K MR RT E  E O AR AR MR o DAVE AR A BRI PBAT A= ) W] o fifk 44 oK 3 4}
(PBAT-BNPs ) SABFFENS G , it iot S MARADIE e JA 301 P9 - 3OK 73424k, $R5 PBAT-BNPs b 17 (1 i il -E SRR TRA T M
AL R . S5R RN, ZIRAL A e BRI A1, PBAT-BNPs Hisifb TI%300 , (H32 T mshili 40k, 162 1Ak p
SRS, BSIn PBAT-BNPs FYZIALH B8 ¥ 5t i 80, #8531 pH WS FEAR . PBAT-BNPs if5 IR IEIBE 2 2L 47
Yyissi, FERRAR BRI, GH B AR AR Rl S E I R AT s TR, PBAT AR R I ATV 8 1Rl
YR B RN . AT AT RE R A K SR e B AR A s A TR

KA RV RREAUKIERL (BNPs ); BUR T HIR-CL W T —FEFR (PBAT); Fhki; Ei; HIE; e
FESES: X53 XHERRES: A

Impacts of Saline-alkaline Soil Clay Properties by PBAT Nanoplastics Under
Rewetting Condition

ZHANG Ming"?, ZHANG Shicheng®, YING Jundie’, SHAO Zhuochen?, LI Wenfeng’, ZHANG Daoyong'?, PAN
Xiangliang®'

(1. Zhejiang Key Laboratory of Ecological Environmental Damage Control and Value Transformation, College of Geoinformatics, Zhejiang
University of Technology, Hangzhou 310014, China; 2. Zhejiang Key Laboratory of Low-carbon Control Technology for Industrial Pollution,
College of Environment, Zhejiang University of Technology, Hangzhou 310014, China; 3. Qinghai Engineering and Technology Research
Center of Comprehensive Utilization of Salt Lake Resources, Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining 810008,
China)

Abstract: [ Objective ] Biodegradable plastic mulch films, which are representatively made from polybutylene adipate

co-terephthalate(PBAT), have been widely used in the agricultural areas of northwest China. As a result, a large quantity of

* T AR SR & BOGTTHRITE (2023C03128, 2025C02216 ) FIESK A RFI2EIEETH (42577247 ) % Bh Supported by the Research and
Development Plan of “Leading Goose” of Zhejiang Province, China ( Nos. 2023C03128 and 2025C02216 ) and the National Natural Science
Foundation of China ( No. 42577247 )

+ M IRAE#H Corresponding author, E-mail: panxl@zjut.edu.cn
EF WA 5k BI(1985—), Lo, IWARERIEA , i, @120, EZNFHTS J W M RS IR fh 24 1 B2 0F 5% E-mail : mzhang@zjut.edu.cn
WA B 2025-11-06; IR EMEMOR A 1. 2025-11-28; MI45E & B (www.cnkinet ): 2025-12-08

http://pedologica.issas.ac.cn



2 1 ik BISE EARSAET PBAT G SREXS £ 5 - SRR AR IR A 52 ) 489

nanoplastics is left in the local soils. However, the effect of these nanoplastics on the properties of this predominantly clay soil
remains understudied. [ Method ] This study used clays separated from saline-alkaline soils from northwest China and
PBAT-based biodegradable nanoplastics (PBAT-BNPs) as research objects. Clay rewetting was conducted to simulate the soil
moisture changes during the agricultural irrigation period in Xinjiang. The effects of PBAT-BNPs on the aggregation behavior and
physicochemical properties of sterilized high saline-alkaline clays were explored. [ Result] The results showed that rewetting
significantly promoted the aggregation of clays, which was further enhanced by PBAT-BNPs but was hindered by the high
salinity-alkalinity of clays. During the rewetting treatment period, the cation exchange capacity of PBAT-BNP-added clays
increased significantly, whereas their electrical conductivity and pH decreased noticeably. The acidic environment induced by
PBAT-BNPs facilitated the dissolution of clay minerals and the release of silicate ions. Under the rewetting condition, the Al
cations promoted the formation of aggregates through flocculation. Meanwhile, the release of PBAT monomers and soluble ions
from clays led to a significant increase in the interlayer spacing of minerals. [ Conclusion] This study provides a new
perspective on the abiotic impacts of biodegradable nanoplastics on soil properties.

Key words: Biodegradable nanoplastics (BNPs); Polybutylene adipate co-terephthalate(PBAT); Clays; Rewetting; Aggregation;

Salinity-alkalinity
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T 40.0 mS-m ', PAEBREEERER . B WAL BT A RE
MR AR, niE K, VR AR R TR
150~200 mL, 1A 25 mL 7 B2 & 43 157
TR EPRY 18 h (90 rmin'), PIJrHLAHE,
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b, Z AR Sl 28 doKF 0.1 g 1k 28 d 1) PBAT
Wiki 5 10 mL #4iK (AR (0.1 mol-.L™") Y
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& W2 JRIY Rewetting period
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b > c >
) o 7d 4d _ 28d ) 05h  1h 2h
. ! %m D =7.5£0.5 pm Jol Do =7.420.4 pm 1ol D0 =7.240.0 ym Jof Dso= 7007 yum PBATAK IR © R . z‘;Ls-;mx‘
PBATZ KK} £ ¢ 8 8 8 Rk Sy ih i
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6 6 6 6 PBAT-BNPs + | [N R 5 g
PBAT-BNPs + 2 ) \ s . Clays - 100pm| - 1007m |33 100 m
i \ G = ST T T =
Clays &2 A 2 P 2 Pa 2 Pa o ) : : ol
e 2 o So—— | Sowmwe \ O \
JH!IA§5W 0.01 0.1 1 10 100 1000 (‘llﬂl 0.1 1 10 100 1000 (SI](H 0.1 1 10 1001000 0.01 0.1 1 10 100 1000 zh*ﬁ % 5 120 . g = -
a) AR - 1 " ” P Clays e i S (YRR
<6 Raw clays £ 1| Do=8541.0m 1ol D= 80404 um 1ol P =7.5%03 um 1o D= 6.1£1.0 pm 100 pm | 100 um |54,@, T00
2 =x
% .| Ds=3.1£0.0 um FkL 58 8 230I, E{{f’k
s 517 Clays G 7.4 pm 7.6 um 7.6 um p 7.6 um b N
EDS 5.8 um ¢ o ¥ d) 230 d, rewetting
S i \ | \ o
>3 g2 | 2 \ 2 2 S VS MIPBATH YA
E= ] somwve () Se—" () o () Sowe ! WithPBAT-BNP addition
17 2 001 0.1 1 10 1001000 001 0.1 1 10 1001000 0.01 0.1 1 10 1001000 0.01 0.1 1 10 100 1000 . ?E;{“ cl
= . . . = mL Clays
z, FFEL T8 A Continuous drying period 2 81D, <9004 i
= E] 3 pm
001 0.1 1 10 100 1000 , 1d R 7d 14d L, 28d §Oj 776.4 um
g g : : S 0.
Kite Particle size/um 2 jofPa=179209 ym Lol Do=92402 ym :(2‘ Deo= 101407 g 1o} D= 90207 pm %0‘2
PBAT{[V{*W‘H g E: 17.8 um f 9.3 um 10.9 um 8 J0 hm 0.0
+ 2 4’ . 4’ o 0.010.1 1 10 100 1000
PBAT-BNPs + £ 7 N [/ 1038.3 pm \3435m 3 [\ 746.9 um IR IPBATAYA A}
Clays = L L\ | 3 a _ N\~ WithoutPBAT-BNP addition
001 0.1 1 10 1001000 0.01 0.1 1 10 1001000 0.01 0.1 1 10 1001000 0.01 0.1 1 10 1001000 § 10 :} e 5
.12 12 12 12 24 —_&u#u. Clays
3 1o Dso=7.8402 um 1o o= 93202 yum 1o Po=9.540.4 pm 1o/ Da = 64218 ym £ qu—8.9:t().2pu7n
" g S 6 8.7 pm
Fikr 28 76pm 8 100um 8 10.0 um 8.7 jm 2
Clays Z 6 6 6 x4
ﬁ 4 4 4 4 =
® 2 ! 2 ) 2 2 =
R v | O————"3 (] sem—— T ® 00T01 1 10 100 1000
11 10 100 1000 11 10 100 00101 1 10 100 01 1 10 100 1000 y -

.01 0.

) 1000
A% Particle size/um

001 0
A% Particle size/um
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Fig. 1

Particle size distribution of raw clays( a ), particle size distribution variation of clays at 1, 7, 14 and 28 d under rewetting and continuous

drying conditions, respectively (b ), microscopic images of clay aggregates at 0.5, 1, and 2 h after rewetting of clays (¢ ), and particle size

distribution of clays under rewetting after 230 d dry preservation of 28 d rewetting samples ( d )
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below.
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Fig. 2 Changes in cation exchange capacity of clays under rewetting (a) and continuous drying conditions (b )
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Fig. 3 Changes in clays electrical conductivity (a) and pH (b ) under rewetting conditions with and without the addition of PBAT-BNPs
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indicate significant difference between samples ( P<0.05) .
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Fig. 4 Changes in ion concentration ( a. soluble Al, b. Si0;*, c. soluble Na, d. soluble Ca) in soil leachate with and without the addition of
PBAT-BNPs under rewetting conditions
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Fig. 5 X-ray diffraction ( XRD ) spectrum of clays (a) and mineral interlayer spacing (b )
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Table 2 Changes in relative mineral content under rewetting conditions
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