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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 (Sr) 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
SUVA2s4 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 Sr 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

L3k R AR Soil particle size
HHLK Soil 2% Total

4=k Total carbon/ composition /%
+3% Soil pH organic carbon/ nitrogen/
1 (g'keg") 1 <2 2~50  50~1000
(g'kg™) (g'kg?)
pm pm pm
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 18.2+0.27 10.5+0.15 1.12+0.04 31.5 51.1 17.4

#: JHREREHFKRE L CXAFKEZE KRG L. Note: JH represents paddy soil of Jinhua; CX represents paddy soil of Cixi.
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VE: CKAVERXTIEALEE, PE. Bio 1 PVC 23543 05%I1) PE. Bio Al PVC BRI IN; E R RFE/NG 7R R AERS 8 A BRI 18] T & gl
IEERIAIFAE R E 2R (P<0.05). Note: CK represents the control treatment. PE, Bio, and PVC represent 0.5% addition of PE, Bio, and PVC
microplastics, respectively. Different lowercase letters in the figure indicate significant differences among MPs treatments at the same
incubation time (P< 0.05).

Bl 2 AR 3 SR VR . A R R B A
Fig. 2 Dynamic changes in basic physico-chemical properties, soil microbial biomass carbon (MBC) and microbial biomass nitrogen (MBN)
of soil under different treatments

2.2 EFAEIAEMEERIT IE DOM LM EIESHAIZMm

TR BT 1 DOM AN GIERHES B a3 2 fvn. 7ERRPE JTH KRG, SUVAzss
B R )2 TR, B59REHT (45 d AT 60 &) FEIERK, 29 56.5%~67.0%, K11 DOM 75 F
PEIZETES . B59% 30 d B, PE (29.3%). PLA (28.6%) Fl PVC (29.9%) AbFE SUVAyss PR
T CK (17.2%), VBB RHES: FRWIIINTE T DOM 1 75 & MW 5 e A S b4 A s (HBEE B R 1
K, AbFE A 2 RS, (EE IR 45~60 d I SUVARss LR EMEZER (P>0.05). EME JH /K
i SUVA2e0 Fll SUVA2ge S RN T  AERE TR 60 d I, SUVALe0 RN 64.6%~67.6%; SUVA2s0
B A 66.5%~69.2%; (HLE[F]—Bf [F] 5, AFEREERE R 2 F AR E (P>0.05). Sk MIFEREFE 60d
2T, CK. PE. Bio il PVC AbBEEHEFE 15 d 53N T 14.2% 15.7%. 23.5%F1 15.3%,
KU+ DOM 4 FEH B Bhsh, 853 60 d i, PE. PVC Al Bio 4K Sr #IHIXT T CK
AL FE S kAR, (B4 Bio AbFEFAAE T BEMEZE R (P<0.05, HEIEZ) 8.26%).

FHELZ R, Bt CX ZKAE L SUVALsss SUVAe F1 SUVA2ge A4 = T~ TH 7KHE £, RIAmHME CX
KFE+HIE DOM FH &M E., thoh, ik SUVA SHEEE TR s 5N (P>0.05), {H Sp ;7
60 d B B E T, SARFRRIER 15 d K T 1.31 f5~1.35 £ (3R 2). FEERXHME CX /KFE 1 DOM
BAIMFIES R BAR 55, [XAERS TR 15 d B PE A0EE SUVAss Al SUVAg 58 CK 437 B2
20.53%7F1 20.51% (P<0.05), T Bio 1 PVC 4B T FEMEAIS B3 K (P>0.05), SAT S, M
BHEBR M TH /KRt % DOM JE 4 AE T3 B 5, Bio ALFERUN ks MAEBME CX KRE L,
DOM S5 R (ORI S A 55, I H B8 = i A e 1k

% 2 FEALIZ T 11 DOM HEIMIEHES BT

Table 2 UV spectral characteristics of soil DOM under different treatments

e ) ik

4 Sl Incubation Kb 2R 44 B SUVA2s4/ SUVA260/ SUVAaso/ Spootral
Treatment (L'mg!' C'm™) (L'mg! C-m™) (L'mg! Cm™)

time /d slope (Sr)

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

" 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

M 30 Bio 2.53+0.40a 2.2+0.43a 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

45 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

http://pedologica.issas.ac.cn



+ %
Acta Pedologica Sinica

CK
PE
Bio
PVC
CK
PE
Bio
PVC
CK
PE
Bio
PVC
CK
PE
Bio
PVC
CK
PE
Bio
PVC

60

15

30

CcX

45

60

1.16+0.06a
1.19+£0.10a
1.18+0.03a
1.19+£0.10a
4.19+0.29a
3.33+0.33b
3.71+0.32ab
3.67+0.12ab
3.51£0.10a
3.61£0.10a
3.53+0.24a
3.60+0.12a
3.81+£0.51a
3.92+0.35a
3.82+0.06a
3.91+£0.06a
3.59+0.32a
3.60+0.02a
3.46+0.11a
3.68+0.18a

1.08+0.06a
1.11£0.09a
1.1£0.03a
1.11£0.09a
3.95+0.28a
3.14+0.32b
3.49+0.30ab
3.45+0.11ab
3.32+0.09a
3.42+0.10a
3.34+0.22a
3.41+0.12a
3.59+0.46a
3.70+0.33a
3.6+£0.07a
3.68+0.07a
3.42+0.32a
3.42+0.02a
3.28+0.11a
3.50+0.17a

0.82+0.05a
0.85+0.08a
0.83+0.02a
0.85+0.07a
3.21+0.23a
2.53+0.25b
2.83+0.24ab
2.80+0.09ab
2.63£0.07a
2.724+0.08a
2.65+0.17a
2.71£0.09a
2.87+0.39a
2.99+0.30a
2.89+0.06a
2.95+0.05a
2.74+0.26a
2.74+0.03a
2.62+0.08a
2.80+0.17a

1.09+0.01b
1.13+0.05ab
1.18+0.04a
1.11+0.01ab
0.70+0.03a
0.69+0.01a
0.70+0.01a
0.69+0.02a
0.81+0.01a
0.79+0.03a
0.80+0.01a
0.78+0.01a
0.70+0.02a
0.72+0.02a
0.71+0.05a
0.70+0.01a
0.95+0.08a
0.92+0.03a
0.95+0.03a
0.91+0.03a

T RPAFE/NG FRERIRFERE E AL BRI 8] N S8R b A E 23 Z 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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Fig. 3 Three-dimensional fluorescence contour spectrum of soil DOM in each treatment at 60 days of cultivation
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1 B RE/ING 7 RER IR LR R AL BRI 8] R 55 SRl A 3 B 47 45 i 35 22 57 (P<0.05) - Note: Different lowercase letters in the figure indicate
significant differences among MPs treatments at the same incubation time (P < 0.05).
Kl 4 AFALER 14 DOM #2073 9 3 BEAR X TTHR A AN e KU IR Frnax
Fig. 4 Relative contribution rate of fluorescent components and maximum fluorescence intensity Fmax of soil DOM under different

treatments
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