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Abstract: [ Objective ] Dissolved organic matter (DOM) plays a crucial role in maintaining soil carbon cycling and ecological
functions. The accumulation of microplastics (MPs) in agricultural soils may alter the composition and stability of DOM.
However, the mechanisms by which MPs of different polymer types affect DOM characteristics in soils with distinct
physicochemical properties remain unclear. [ Method ] In this study, two representative paddy soils, including acid paddy soil
from Jinhua (JH, pH 5.03) and alkaline paddy soil from Cixi (CX, pH 8.26), were used as test soils. A 60-day microcosm
incubation experiment was conducted by adding 0% and 0.5% of polyethylene (PE), polylactic acid-Poly (butyleneadipate-
co-terephthalate)(PLA+PBAT, Bio), and polyvinyl chloride (PVC) MPs to investigate the effects of different MPs on soil basic
physicochemical properties and DOM characteristics. Ultraviolet-visible (UV-Vis) spectroscopy and Three-Dimensional
Excitation-Emission Matrix combined with parallel factor analysis (PARAFAC) were used to characterize variations in the DOM
aromaticity, molecular weight, and fluorescent components under different treatments. [ Result] The results revealed that
MP-induced effects were more pronounced in acidic JH soil than in alkaline CX soil. Among the treatments, Bio microplastic
exerted the strongest influence. Compared to the control, Bio treatment in JH soil increased pH, dissolved organic carbon (DOC)
concentration, and spectral slope (Sg) by 2.09%, 4.58%, and 8.26%, respectively, while PE and PVC showed relatively minor
effects. In the early stage (15 days), MPs significantly decreased SUVA,s4 values in JH soil, suggesting enhanced degradation
or transformation of aromatic DOM components. This inhibitory effect gradually diminished over time. In contrast, no
significant effects were observed in CX soil under any treatment. Furthermore, JH soil exhibited continuous declines in pH and
SUVA values and an increase in Sy during the incubation, indicating a trend toward lower molecular weight and simpler DOM
structures. Meanwhile, CX soil maintained relatively stable DOM characteristics throughout the experiment. [ Conclusion ]
The impact of MPs on soil DOM was strongly influenced by both polymer type and soil properties. Biodegradable MPs, such
as Bio, had a more substantial effect on DOM structure than traditional MPs such as PE and PVC. Acidic and coarser-textured
JH soil was more vulnerable to MP interference and temporal changes, resulting in increased DOM reactivity and instability. In
contrast, alkaline, fine-textured CX soil exhibited greater resistance to MPs-induced perturbations and maintained higher
DOM structural stability.

Key words: Microplastics (MPs); Paddy soil; Dissolved organic matter(DOM); UV-Vis spectroscopy; Three-dimensional
fluorescence spectroscopy (3D-EEM); Biodegradable microplastics
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Fig. 1 SEM images and particle size distributions of MPs with different polymer types
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Table 1 The physico-chemical properties of the tested soil

A MLEK Soil organic 4Tk Total 2% Total 38k 42 4H A%, Soil particle size composition
+-45
pH carbon/ carbon/ nitrogen/ 1%
Soil
(gkg") (gke") (gkg") <2 pm 2~50 ym 50~1 000 um
JH 5.03+0.07 13.5+0.46 7.85+£0.27 1.43+0.03 24.5 47.1 28.4
CX 8.26+0.13 18.24+0.27 10.5+0.15 1.12+0.04 31.5 51.1 17.4

W JHRREESEKFE L, CXIREREZKIZKFE L. Note: JH represents paddy soil of Jinhua; CX represents paddy soil of Cixi.
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Fig.2 Dynamic changes in basic physico-chemical properties, soil microbial biomass carbon ( MBC ) and microbial biomass nitrogen ( MBN )

of soil under different treatments
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Table 2 UV spectral characteristics of soil DOM under different treatments

iy .
N Sb P2 TR SUVA,s4/ SUVA 40/ SUVA 0/ Jei% AR Spectral
T3 Soil Incubation
Treatment (L'mg'Cm") (L'mg'Cm") (L'mg'Cm") slope ( Sgr)
time /d

CK 3.49+0.57a 3.32+0.55a 2.66+0.45a 0.95+0.01a
PE 3.58+0.39a 3.41+0.38a 2.74+0.31a 0.98+0.01a
P Bio 3.29+0.42a 3.11+£0.4a 2.48+0.33a 0.96+0.01a
PVC 3.61+0.63a 3.43£0.6a 2.75+0.49a 0.97+0.01a
CK 2.89+0.65a 2.72+0.62a 2.15+0.51a 0.96+0.02a
PE 2.53+0.30a 2.38+0.29a 1.89+0.25a 0.94+0.01a
30 Bio 2.53+0.40a 2.240.43a 1.72+0.34a 0.95+0.02a
PVC 2.53+0.50a 2.38+0.2a 1.88+0.18a 0.96+0.01a
' CK 1.41+0.38a 1.32+0.37a 1.02+0.30a 0.87+0.02a
PE 1.16+0.16a 1.08+0.16a 0.82+0.13a 0.88+0.08a
. Bio 1.43+0.47a 1.33+0.45a 1.08+0.45a 0.78+0.18a
PVC 1.46+0.07a 1.37+0.08a 1.07+0.06a 0.87+0.08a
CK 1.16+0.06a 1.08+0.06a 0.82+0.05a 1.09+0.01b

PE 1.19+0.10a 1.11£0.09a 0.85+0.08a 1.13+0.05ab
o0 Bio 1.18+0.03a 1.1£0.03a 0.83+0.02a 1.18+0.04a

PVC 1.19+0.10a 1.11£0.09a 0.85+0.07a 1.11+£0.01ab
CK 4.19+0.29a 3.95+0.28a 3.21+0.23a 0.70+0.03a
PE 3.33+0.33b 3.14+0.32b 2.53+0.25b 0.69+0.01a
P Bio 3.71+0.32ab 3.49+0.30ab 2.83+0.24ab 0.70+0.01a
PVC 3.67+0.12ab 3.45+0.11ab 2.80+0.09ab 0.69+0.02a
CK 3.51£0.10a 3.32+0.09a 2.63+0.07a 0.81+0.01a
PE 3.61+0.10a 3.42+0.10a 2.72+0.08a 0.79+0.03a
% Bio 3.53+0.24a 3.34+0.22a 2.65+0.17a 0.80+0.01a
PVC 3.60+0.12a 3.41+0.12a 2.71+0.09a 0.78+0.01a
o CK 3.81+0.51a 3.59+0.46a 2.87+0.39a 0.70+0.02a
PE 3.92+0.35a 3.70+0.33a 2.99+0.30a 0.72+0.02a
. Bio 3.82+0.06a 3.6+£0.07a 2.89+0.06a 0.71+0.05a
PVC 3.91+0.06a 3.68+0.07a 2.95+0.05a 0.70+0.01a
CK 3.59+0.32a 3.42+0.32a 2.74+0.26a 0.95+0.08a
PE 3.60+0.02a 3.42+0.02a 2.74+0.03a 0.92+0.03a
o0 Bio 3.46+0.11a 3.28+0.11a 2.62+0.08a 0.95+0.03a
PVC 3.68+0.18a 3.50+0.17a 2.80+0.17a 0.91+0.03a

1 RPARR/NG FHERIRTERR E AL BRI A T £ O R AL BRI A7 7 B % 5% (P <0.05). Note: Different lowercase letters in the

Table indicate significant differences among MPs treatments at the same incubation time ( P <0.05) .
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Wi . K595 30 d B, PE (29.3% ). PLA (28.6% )
Fil PVC (29.9% ) AR SUVA,s, BRI & T CK
(17.2% ), UtHIHOBRBHESE RPN T DOM 5
AP T R AL B BREE BE SR I R RE R, 45
b P IH) 22 AW S5, FERE SR 45~60 d B SUVA,s,
To B 22 5 (P>0.05 ). @Mk TH /KRS - H SUVA,0
Ml SUVAg KU H . 7EXEFR 60 d BT,
SUVAy BTN 64.6%~67.6%; SUVAyg FEIR A
66.5%~69.2%; (HAE[R]—HF] &, AN R}k 3
A 252N B3 (P>0.05). S MIZEREF7 60d B & 3 T
%, CK. PE. Bio Ml PVC b33 15 d 4353
T 14.2%.15.7%.23.5%#1 15.3%, %] 1 DOM
SR AL, Ak, 7EHE3R 60d B, PE. PVC
Fl Bio ZbBEAY Sg ¥IAHXTF CK AbBERE R maH., H
{2 Bio Ab¥™=A4E T W EM 2R (P<0.05, HiIHL
8.26% ).

MEZ T, Bt CX KAE L1 SUVA,ss. SUVA,60
Fl SUVA, g0 BAKE T TH KRG+, FWABM: CX K
Fi 13 DOM 5 &HFMHET M, AL, Lik SUVA 2%
B 1 77 BF 8] 9 sh e/ (P>0.05), fH Sp 7ER5 3% 60 d
B T, AR 5R 15 d KT 1.31 £~
1.35 £ (32 2). fBRLXT M CX 7K G 1 DOM %
HMEEAE S B 5% AR SS , AUAERE SR 15 d B PE
b B SUVA, s, FIl SUVA 50 88 CK 4351 T K2 20.53%
A1 20.51% ( P<0.05 ), ifi Bio Al PVC &b B [ g 4
BB EMEAKE (P>0.05). BT, HOERER
PE TH ZKFE L % DOM G345 AE iy 140 5 0 i
Bio bR fie i s MRS ME CX /KFg 1, DOM
SERRT RN Sl N A 55, SR R AR T
23 EFHEAARMEBENITTE DOM =455t

Fig ik R TR F 2R

PABESR 60 d $idli ], 45 4b 215 DOM Ay =
YA LIS N 3 FiR . b — 2 X 4 KR
+ KR AKAE - DOM Kb 1Y = 45 GIE 24T
R4, i, TH KRS 1538 2 414 414
Cl ( Apy/Aem = 220 nm/335 nm ) J& T2 R/ ] 1%
PEWCA ¥ B 7 %) ( Tryptophan-like/Soluble microbial
products ), 3 & 5 G AE WA B 50R S AT AL 4D
HEAM NI RASEY 253 C2( Apy/Agm = 240 nm/430 nm )
2K}y 28 B AR 20 4 ( Humic-like, HA ), %FR K3
KIETEAE =W, AT RESR IR T 4 5 A (4 1 300 e fp i

TR E A LR A BLREY, G CX KRR AT 3
APy 5> C1 (Apy/Agm = 235 nm/410 nm )
1 C2 ( Apx/Agm = 265 nm/470 nm ) J& TS5 Y
2, C3 (hpe/hem = 225 nm/335 nm ) AR/
EEEALY/) T

PR TR AT B DOM N4 43 1 A
XPE e, e 4 s, FERRYE JTH KRR L, A
55 Cl RYARXS STERF AR & T C2, BEWIR R/
AL HERCE YR )&% DOM Y EZHEE K
o A5 Kb LR AL 4 AH X Tk R G B M R
(P>0.05), 243 C1 BYAHXS DT Ek R BERG 72 0 fa) b7,
TEXGE SR 45 d kB m (2920 98% ), {HTESEEFE 60 d
FRE TR 57%~62%, HA LSS R
SR Froay —2 (El 4c, K 4d). 7ERIME CX KFE+
L g4y CL ORI C3 A9 2GR BEAHXT ST FN Foax
KBS Ty C25 413 C1 A C2 1Y Foa (ELFE RS
SR (B N 2 R, MTAL5; C3 B Fa fE
RIH TR ¥, JFFERFR 30 d BFik
FNEME (E 4g ). HOBEXT 118 DOM 4143565
B2 /N, AN CX KRG EFERS 3R 15 d i, PE 98
BHE L7 C1 Y Froa 8 CK T2 18.9% (& de ).

3 3 ®

3 AEAREYERBFANT LEEBEALERK

DOM #514EHI RN

AR 1B, Bio fMIEARL™ A 8 5 ma AH XA
JCHGEAERRYE TH KRS PSR T8 &N T
BN, FE pH 51, 0.5%7R NS Bio &bl + 15
pH B E & (P<0.05) (&l 2a), XA[EES Bio (48
BB BB B (4 CaCO5 ) A XK. % Bio i
SAALH PLA+PBAT Rl B i) W ) 4 ¥4 1 BR S 11
1%, HIRI CaCO; LIS B . #AA8 ME I AR
ARPOR A - el B AL B Ca¥ 5L pH THE .
RATHT R 5%t & #1 PLA+PBAT ¥k ( kif%
<335 um) AR 2.297 mg' L Y Ca® ' i,
ANHFSE % Bt & 38 PLA Fl PBAT (RA7AE £ ff 4%
pH FHE P50 pbAh, SORLA AT 8 3 1 10 AL T
P A S S D D R s i i el
75 12 BH B 5 He 8 A K P 9 Al sS e at
5 M) - 48 pHI?®),
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Fig. 3 Three-dimensional fluorescence contour spectrum of soil DOM in each treatment at 60 days of cultivation
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Fig. 4 Relative contribution rate of fluorescent components and maximum fluorescence intensity Fmax of soil DOM under different treatments
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