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ABSTRACT

Photoaging alters microplastic (MP) surface properties and dissolved organic
matter (DOM) release, yet, early-stage responses of agricultural mulch film-
derived MPs remain insufficiently understood. Here, short-term (192 h)
photoaging of conventional polyethylene (PE) and biodegradable
poly(butylene adipate-co-terephthalate) (PBAT) MPs was investigated in
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ultrapure water under lamp irradiation in a
photochemical reactor. Time-dependent changes in surface morphology,
hydrophobicity, carbonyl index (Cl), hydroxyl radical (-OH) formation, dissolved
organic carbon (DOC), and fluorescent DOM characteristics were examined. PE
and PBAT showed distinct early-stage photoaging dynamics. PBAT developed
surface cracks within 30 h and became hydrophilic after 192 h, whereas PE
showed obvious cracking only after 90 h and remained predominantly
hydrophobic. The ClI increased for PE but decreased for PBAT, indicating
different surface carbonyl accumulation and loss patterns. OH signals were
detected on both MPs, with stronger signals on PBAT; however, EPR results
indicate radical formation rather than demonstrating the exclusive causal role
of :OH in degradation. PBAT released more DOC than PE, with DOM mainly
characterized by humic- and tryptophan-like components, while PE-derived
DOM was dominated by protein- and tryptophan-like substances. These

findings provide an integrated solid-phase and leachate perspective on the

high-pressure mercury

early-stage environmental transformation of mulch-derived MPs.

© The Author(s) 2027. Published by Higher Education Press. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

1 Introduction

Agricultural mulch films are extensively used to increase soil
temperature, conserve soil moisture, suppress weeds, and
improve crop yield’l. In 2021, China alone consumes 1.34
million tons of agricultural mulch film per year, covering
1.78x107 hectaresl’]. However, the limited post-use recovery
and recycling of these films have led to the progressive
fragmentation and accumulation of plastic residues in
agricultural soilsl'l. Conventional non-biodegradable plastics,
particularly polyethylene (PE), have high molecular stability
and may persist in the environment for decades to
centuries™]. Under field conditions,
fragment into microplastics (MPs, < 5 mm) through solar
irradiation, mechanical abrasion, tillage, and microbial

residual films can

activityl’*l. The resulting MPs can alter soil physicochemical
properties, impair root development, and disturb soil fauna
and microbial communitiesl”~"1.

Biodegradable plastics, especially poly(butylene adipate-co-
terephthalate) (PBAT), have been promoted as alternatives to
conventional PE mulch films because of their favorable
mechanical properties and potential for mineralization under
suitable conditionsl'*!°]. Nevertheless, the environmental
behavior of biodegradable mulch-derived MPs remains
uncertain. The ester- and carbonyl-containing structures of
PBAT make it
transformation than PE['®:

more susceptible to photochemical
1. Previous studies have shown that

photoaged biodegradable MPs may exhibit smaller particle

sizes, rougher surfaces, altered wettability, and higher levels of
persistent free radicals!' '], These processes raise concerns

regarding PBAT film environmental safety, including altered

interactions with coexisting pollutants and prolonged
environmental persistence prior to complete
mineralization!?=>"1,

Photoaging, involving both direct UV-induced bond cleavage
and indirect radical-mediated chain scission, is a major
transformation pathway for MPs in agricultural and aquatic

environments! 1. Most existing studies on MP photoaging
have focused on long-term degradation, typically over several
months, particularly for widely used polymers such as PE,
polypropylene (PP), and polystyrene (PS). For example, UV
exposure has been shown to induce surface oxidation and
microcrack formation in PE, PP, and PS under marine
conditions!”’]. Conversely, the short-term photoaging behavior
of MPs during the initial days to weeks of exposure remains
less understood, despite its importance in initiating surface
oxidation, wettability changes, fragmentation, and soluble
organic matter release. Recent studies have begun to explore
the short-term photoaging of PBAT!"], highlighting rapid
surface transformation and increased free radical formation.
However, the divergent short-term photoaging dynamics of
biodegradable and non-biodegradable mulch film-derived MPs
remain poorly resolved, particularly with respect to the coupled
evolution of solid-phase surface reactivity and aqueous
dissolved organic matter (DOM) release.
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To address this knowledge gap, a 192-h short-term photoaging
experiment was conducted on PE and PBAT mulch film-
derived microplastics in ultrapure water. The 192-h duration
was selected to represent an accelerated early-stage exposure
window that captures initial cracking, wettability transition,
radical formation, and DOM release before extensive long-
term mineralization or secondary fragmentation dominates.
We tested three hypotheses: (1) PBAT undergoes earlier
surface cracking and a faster transition from hydrophobicity to
hydrophilicity than PE due to its photosensitive ester linkages;
(2) PE and PBAT exhibit distinct carbonyl index (CI)
trajectories and -OH formation patterns, reflecting divergent
oxidation and degradation pathways; and (3) PBAT releases
of DOM with different
compositions compared with PE. By characterizing surface

larger amounts fluorescent
morphology, hydrophobicity, CI, radical signals, DOC, and
DOM fluorescence, this study characterizes the divergent early-
stage photoaging behaviors of biodegradable and non-
biodegradable mulch film-derived MPs. This work provides a
cautious yet informative basis for understanding the early
environmental fate of conventional and biodegradable mulch

film-derived MPs in agricultural surface soils.

2 Materials and methods

2.1 Experimental materials

Black PE mulch films were obtained from Shanghai Zhentong
Plastic Industry Co., Ltd., China, and black PBAT mulch films
were obtained from Shandong Qingtian Plastic Industry Co.,
Ltd., China. Both mulch films had a uniform thickness of 0.015
mm and were manufactured in August 2023. Polymer identity
(FTIR)
characteristic

was confirmed by Fourier transform infrared

spectroscopy through comparison of the
absorption bands of PE and PBAT with reference spectra. The
suppliers did not disclose the detailed additive compositions or
concentrations due to commercial confidentiality. However,
preliminary laboratory analyses indicated the presence of
plasticizers, antioxidants, and surfactants in both types of
mulch films. The films were cut into 5 mm x 5 mm fragments,
washed thoroughly with deionized water, and dried at 40°C for
4 h to prepare MP samples.

water were added to 50 mL sealed quartz tubes. After
ultrasonication for 30 min to ensure adequate dispersion, the
tubes were placed in a photochemical reactor (XPA-VII,
Xujiang Electromechanical Plant, China) equipped with a
500 W high-pressure mercury lamp at an irradiation intensity
of 250 mW-cm~2[>], The reactor temperature was maintained
at room temperature (20 + 5 °C), and the suspensions were
continuously stirred at 800 r-min~! during irradiation. Samples
were collected after 30, 60, 90, 120, and 192 h of irradiation.
Ultrapure water without MPs was irradiated under identical
conditions and used as a procedural blank for DOC and
fluorescence analyses. In parallel, MP suspensions were
incubated under identical conditions in the dark for 192 h and
used as dark controls to distinguish photoaging-induced
changes from non-photochemical release or transformation.
All treatments were conducted in triplicate.

At each sampling time, MPs and leachates were separated using
a sand-core filtration device equipped with a 0.45 ym PTFE
membrane. The recovered MPs were rinsed with ultrapure
water, freeze-dried for 24 h, and stored in a desiccator before
further characterization. The leachates were collected in amber
glass bottles and stored at 4 °C prior to DOC and fluorescence
analyses.

2.3 Characterization of MP surface properties

Field-emission scanning electron microscopy (SEM, S4800,
Hitachi, Japan) was used to examine the surface morphology of
MPs before and after photoaging, following our previous
study!’’]. Water contact angles (WCA) were measured using a
video contact angle analyzer (OCA20, Dataphysics, Germany)
to evaluate changes in surface wettability!"]. Fourier transform
infrared spectroscopy (FTIR, iS50, Thermo Fisher Scientific,
USA) was used to characterize changes in MP surface
functional groupsl’’l. The CI was calculated to quantify the
degree of oxidation during photoaging. For PE, CI was
calculated as the ratio of the absorbance of the carbonyl peak
(C=0) at 1719 cm™! to that of the methylene peak (-CH,-) at
1462 cm~10'], For PBAT, CI was the ratio of the carbonyl peak
(C=0) at 1710 cm™! to the methylene peak (-CH,-) at
1448 cm 107,

2.2 Photoaging experiments

For each treatment, 0.003 g of MPs and 30 mL of ultrapure

2.4 Reactive oxygen species (ROS) detection

Hydroxyl radicals (-OH) were detected by electron
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paramagnetic resonance (EPR, EMXplus-6/1, Bruker,
Germany) using 5,5-dimethyl-1-pyrroline N-oxide (DMPO) as
the spin-trapping agent[’’]. For each measurement, 1 mg of
MPs was analyzed under the following conditions: central field,
3500 G; microwave power, 2.0 mW; scan width, 100 G; time
constant, 15.0 ms; and 20 scans. Prior to EPR measurement, all
samples, including non-aged controls, were irradiated under
the mercury lamp for 10 min to allow sufficient accumulation

of radicals on the MP surface for detection.

2.5 Leachate analysis

Dissolved organic carbon (DOC) concentrations in the
leachates were quantified using a total organic carbon analyzer
(TOC-L, Shimadzu, Japan). Three-dimensional excitation-
emission matrix (3D-EEM) fluorescence spectra were acquired
using a fluorescence spectrophotometer (F-7000, Hitachi,
Japan). The emission (Em) wavelength ranged from 250 to
600 nm with a step size of 1 nm, and the excitation wavelength
ranged from 200 to 450 nm with a step size of 5 nm. Parallel
factor analysis (PARAFAC) was performed using MATLAB
R2021a with the DOM Fluor toolbox!
components was selected based on residual inspection, spectral

»*1. The number of

interpretability, and
databasel .

comparison with the OpenFluor

2.6 Statistical analysis

Data were processed using Excel 365 and IBM SPSS Statistics
27. Differences among treatments were evaluated using one-
way analysis of variance (ANOVA), followed by multiple-
comparison tests when appropriate. Data are presented as
mean * standard deviation (SD, n = 3), and p < 0.05 was
considered statistically significant. Figures were generated
using Origin 2022.

3 Results and discussion

3.1 Dynamic changes in PE and PBAT MPs under
short-term photoaging

3.1.1 Changes in surface morphology

Surface morphology alterations provide direct visual evidence
of MP photoaging, typically reflected by increased surface
roughness and the formation of cracks and pores!*®"71.

shows the temporal evolution of surface morphology for non-
biodegradable PE and biodegradable PBAT MPs during short-
term UV irradiation from 0 to 192 h. Initially, PE MPs
). Measurable
roughness and incipient cracks were observed only after 90 h of
). In contrast, PBAT MPs showed more
pronounced surface erosion and a higher density of pores
within the first 30 h of irradiation ( ).

exhibited relatively smooth surfaces (

irradiation (

After 192 h of photoaging, PE MPs demonstrated progressive
crack propagation and signs of embrittlement, although their
). In
contrast, PBAT MPs developed larger pores and substantially

overall structural integrity remained largely intact (

rougher and more porous surfaces. The delayed crack
formation observed for PE is consistent with previous findings
after 108 h of photoaging[’‘l. The divergent morphological
evolution of PE and PBAT can be attributed to their distinct
polymer structures and degradation pathways. PE has high
molecular stability and a large energy gap, which increases the
energy barrier for electronic transition and limits chain scission
during short-term photoaging. In contrast, PBAT contains
photolabile ester bonds (-COO-), which can undergo cleavage
to form low-molecular-weight and water-soluble products.
Their subsequent leaching may contribute to pore formation
and accelerated surface erosion[’'].

3.1.2 Changes in hydrophilicity and hydrophobicity

WCA is widely employed to evaluate surface wettability. A
WCA greater than 90° generally indicates a hydrophobic
surface, whereas a value below 90° indicates a hydrophilic
, pristine PE and PBAT MPs
both showed WCA values above 90°, indicating initially
hydrophobic surfaces. PBAT exhibited a significantly higher
initial WCA than PE. After 60-90 h of photoaging, the WCA of
PBAT gradually decreased to a level comparable to that of PE,

surfacel’>"1, As shown in

with no significant difference between the two materials. After
120-192 h of photoaging, PBAT exhibited significantly lower
WCA values than PE. Specifically, after 192 h of irradiation, the
WCA of PE decreased to 95.05°, indicating that its surface
remained hydrophobic. In contrast, the WCA of PBAT
decreased to 87.62°, below the hydrophobicity threshold of 90°,
indicating a transition from hydrophobicity to hydrophilicity.
Similarly, Wang et all''l reported that PE remained
hydrophobic after 10 d of photoaging, whereas PBAT became
hydrophilic. Our results further demonstrate that a shorter
exposure period of 192 h is sufficient to induce this wettability

27734-4
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Fig. 1 Dynamic surface morphological changes of PE and PBAT MPs during 192 h of short-term photoaging. (a—f) PE MPs; (g—I) PBAT MPs.
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Fig. 2 Dynamic changes in the water contact angle of PE and
PBAT MPs during 192 h of short-term photoaging. Data are
presented as mean + SD (n = 3). Different lowercase letters
indicate significant differences among treatments at p < 0.05.

transition in PBAT, providing a useful temporal reference for
understanding early-stage photoaging kinetics of mulch film-
derived MPs.

The contrasting wettability evolution of PE and PBAT may be
attributed to differences in their degradation mechanisms. PE
mainly undergoes photo-oxidation during short-term aging,
producing carbonyl-containing groups that may not be
sufficient to induce a hydrophilic transition within 192 hl''l.
Conversely, the ester bonds in PBAT are more susceptible to
hydrolysis and photochemical cleavage, generating carboxyl-
containing products that can further promote ester bond
cleavagel’'l. This process may accelerate the decrease in WCA
and lead to the more rapid hydrophilic transition of PBAT.
Such pronounced changes in surface wettability suggest that
biodegradable MPs may undergo faster changes in interfacial
behavior than conventional PE MPs. These findings indicate
potential for altered adsorption-desorption interactions with
although  direct

coexisting  pollutants!”], contaminant

https://journal.hep.com.cn/fase
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transport experiments are needed before ecological effects can
be confirmed.

3.1.3 Changes in carbonyl index

Cl is a key quantitative indicator for assessing photo-oxidative
degradation of MPs, particularly the formation or loss of
, the
CI of PE MPs increased progressively with increasing

carbonyl-containing functional groups. As shown in

irradiation time. After 60 h of exposure, PE showed a marked
increase in CI compared with pristine PE, and the CI reached
its highest value of 2.04 after 192 h. A similar increasing trend
in PE has been reported after 108 h of photoaging, with the CI
increasing to 0.59, indicating continuous photo-oxidation!**].

Conversely, PBAT MPs showed a significant decrease in CI
during the 192 h photoaging period. Notably, after 90 h, the CI
value of PBAT became lower than that of PE, although the
initial CI of PBAT was 2.05, approximately 6.2 times higher
than that of PE at 0.33. The opposite CI trends observed for PE
and PBAT suggest distinct oxidation and degradation
pathways. For PE, photoaging promotes the formation of new
carbonyl groups on the polymer surface, resulting in an
increase in CI. However, for PBAT the decrease in CI may be
associated with cleavage of ester-containing segments and the
release of low-molecular-weight carbonyl-containing products,
which would reduce the relative abundance of carbonyl groups

24r I PE [ PBAT

Carbonyl index
— — )
to =N =

o
=)

<
~

0 30 60 90 120 192
Photoaging time (h)

Fig. 3 Dynamic changes in the carbonyl index of PE and PBAT
MPs during 192 h of short-term photoaging. Data are
presented as mean + SD (n = 3). Different lowercase letters
indicate significant differences among treatments at p < 0.05.

remaining on the MP surfacel’l. This interpretation is based
on FTIR-derived CI changes and DOC/fluorescence evidence,
but it is not direct proof of surface elemental changes. Further
surface-sensitive analyses, such as X-ray photoelectron
spectroscopy (XPS), and molecular-weight analyses, such as gel
permeation chromatography, are needed to verify the chemical
changes and chain scission processes underlying these

divergent CI trajectories.

3.1.4 Changes in reactive oxygen species (ROS)

ROS are important participants in the photochemical
degradation of MPs[*']. ROS such as -OH, singlet oxygen (10,)
and superoxide anions (O,-7) can accelerate polymer oxidation
and chain scission under light irradiation[*’]. Previous studies
have shown that natural sunlight or simulated irradiation can
induce ROS formation on MP surfaces, thereby promoting
oxidative degradation!”’]. As shown in , -OH signals were
detected on both PE and PBAT MPs throughout the 192 h
photoaging period. PBAT consistently showed stronger OH
signals than PE, suggesting a higher radical-generating capacity
under the present accelerated irradiation conditions. This
difference may be related to the structural characteristics of
PBAT, including benzene rings and ester bonds (-COO-),
which can facilitate electron transfer and radical formation
under irradiation. Conversely, PE is composed mainly of
saturated hydrocarbon chains, which limits electron transfer
and leads to weaker -OH generation! ‘],

The stronger OH signals on PBAT were consistent with its
accelerated surface deterioration and more rapid wettability
transition during short-term photoaging. Published studies
indicate that during MP photoaging, polymer surface bonds
can generate organic free radicals and persistent free radicals,
which subsequently react with dissolved oxygen to form
various ROSI’*"=*1. For PE, alkyl radicals (R-) may react with
oxygen to form peroxyl radicals (ROO-), which can abstract
hydrogen atoms from polymer chains and generate
hydroperoxides (ROOH). Subsequent photolysis of ROOH
may produce alkoxyl radicals (RO-) and -OH, thereby
promoting chain scission and the formation of oxygen-
containing products!*’="'l. This mechanism is consistent with
the progressive increase in CI and the gradual surface
deterioration observed for PE in this study. For PBAT, the
aromatic terephthalate units and ester linkages may facilitate
environmentally persistent free radical formation and Norrish

type I/II reactions, contributing to backbone cleavage and
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Fig. 4 Dynamic changes in -OH signals on PE and PBAT MPs during 192 h of short-term photoaging.

oxygenated degradation productsl’>'">">"’l. These literature-
supported pathways provide a plausible explanation for the
stronger -OH signals, faster surface cracking, hydrophilic
transition, and greater DOM release observed for PBAT
compared with PE.

However, although EPR detection provides evidence of radical
formation, it does not by itself establish the causal contribution
of specific ROS to the observed surface transformations. Future
studies should include radical quenching experiments using
selective scavengers, such as isopropanol for OH, sodium azide
for 10,, and benzoquinone for Oy, to clarify the relative
contributions of different ROS to PE and PBAT photoaging.
Such experiments would provide more direct evidence linking
ROS formation and structural deterioration in PE and PBAT
MPs.

3.2 Differential release of DOM from PE and PBAT
MPs under short-term photoaging

3.2.1 Photoaging pathways and their influence on DOM
release from MPs

In natural environments, MPs can release DOM during aging
and degradation processes, and both the quantity and
composition of released DOM are important indicators of
polymer transformation[">"’]. As shown in , DOC
concentrations released from both PE and PBAT MPs
increased progressively with photoaging time. Throughout the
192 h
significantly more DOC than PE, and the difference became

irradiation period, PBAT consistently released

DOC (mg-L™)
[*)}

W

30 60 90 120 192
Photoaging time (h)

Fig. 5 Dynamic release of DOC from PE and PBAT MPs during
192 h of short-term photoaging. Data are presented as mean *
SD (n = 3).
differences among treatments at p < 0.05.

Different lowercase letters indicate significant

more pronounced with prolonged irradiation. After 30 h, DOC
concentrations in PBAT leachates were already significantly
higher than those of PE (p < 0.05). After 192 h, DOC
concentrations in PBAT leachate reached 7.47 mg-L~!, which
was more than three times higher than that of PE
(2.17 mg-L71).

The substantial difference in DOC release between PE and
PBAT is closely related to their distinct polymer structures and
photoaging pathways. PBAT contains UV-sensitive ester

https://journal.hep.com.cn/fase
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linkages and aromatic structures that are more susceptible to
photolysis and radical-mediated chain scission, thereby
accelerating surface cracking and pore formation ( ).
These structural changes increase surface heterogeneity and
may facilitate the release of low-molecular-weight organic
| In addition, PBAT is
a semi-crystalline polymer with relatively accessible amorphous
regions that are more vulnerable to oxidative attack!”’]. In

compounds into the aqueous phase!

contrast, PE possesses a more chemically stable hydrocarbon
backbone and denser molecular structure, making it less
susceptible to chain scission under equivalent irradiation
conditions*’]. These observations are consistent with previous
studies demonstrating polymer-dependent differences in DOM
release during photoaging!*%>%°%],

3.2.2 Changes in MPs-derived DOM components
Fluorescence excitation-emission matrix spectroscopy coupled
with parallel factor analysis (EEM-PARAFAC) was used to
characterize DOM composition associated with PE and PBAT.
The PARAFAC results were interpreted using residual
inspection, component interpretability, and comparison with
the OpenFluor database. These compositional differences
provide insight into how divergent aging pathways shape DOM
molecular features, although fluorescence components should
be regarded as operational fluorophore groups rather than
direct molecular identification. For PE, the two fluorescent
components matched protein-like and tryptophan-like spectra
in OpenFluor and were therefore assigned as protein-like and
tryptophan-like components.

). This trend is
consistent with slow radical-mediated oxidation of the PE

progressively with photoaging time (

hydrocarbon backbone, which can generate low-molecular-
weight oxygenated fragments, including carboxylic acids,
ketones, and aldehydes!">*"]. Because PE lacks hydrolysable
ester bonds and has relatively high structural stability, these
fluorescent products may accumulate gradually during short-

term photoaging.

For PBAT-derived DOM, three fluorescent components were
obtained and matched with humic-like and tryptophan-like
spectra in OpenFluor; they were assigned as humic-like and
Notably, the
fluorescence intensity of humic-like components decreased

tryptophan-like components ( )-

with photoaging time ( ). This distinct compositional
trajectory may arise from PBAT aging pathways involving
photolysis of ester linkages and possible hydrolytic cleavage,
followed by the release of soluble degradation intermediates in
aqueous medial®'l. The release of organic acids during PBAT
photodegradation may facilitate the transformation of initial
degradation products, such as aromatic fragments containing
terephthalate-related structures, into smaller or weakly
fluorescent molecules, consistent with observations by Ding
et all”’l. The substantially higher DOC release from PBAT
compared with PE further supports more extensive polymer
fragmentation, although molecular-weight analysis would be

needed to directly verify chain scission.

3.2.3 Environmental implications and limitations

For PE-derived DOM, fluorescence intensities increased The observed DOC release and fluorescence changes
(a) 450 (b) 450 (©)6
cl .
C2
400 400 I
- - =
E 350 £ 350 =
= = b
s s o ¢
300 1 300 2t I
I aab
o 1 ab [
250 250 h wa o
— ol3 B P .
300 350 400 450 500 300 350 400 450 500 30 60 9 120 152

Em (nm)

Em (nm)

Photoaging time (h)

Fig. 6 Two-dimensional fluorescence patterns and changes in fluorescence intensity of PE MP leachates after different photoaging times.

(a) Protein-like component (C1); (b) tryptophan-like component (C2); (c) changes in maximum fluorescence intensity (Fmax). Data are

presented as mean + SD (n = 3). Different lowercase letters indicate significant differences among treatments at p < 0.05.
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Fig. 7 Fluorescence components and changes in fluorescence intensity of PBAT MP leachates after different photoaging times. (a) Protein-

like component (C1); (b) humic-like component (C2); (c) tryptophan-like component (C3); (d) changes in Fnax. Data are presented as mean + SD
(n = 3). Different lowercase letters indicate significant differences among treatments at p < 0.05.

demonstrate that short-term photoaging produces polymer-
specific DOM signatures. However, the present data do not
directly test microbial utilization, contaminant complexation,
carbon cycling, or DOM-mediated photochemical reactions.
Therefore, these ecological implications should be interpreted
cautiously. Additional experiments integrating microbial
assays, contaminant interaction tests, photochemical reactivity
measurements, and DOM optical indices would be useful for
linking MP-derived DOM  properties

directly with

environmental processes under realistic conditions.

It should also be noted that the high-pressure mercury lamp

used in this study provided accelerated irradiation under
controlled laboratory conditions. Its UV intensity and spectral
distribution differ from those of natural sunlight and may
affect the relative contributions of different photoaging
pathways. Therefore, the observed transformations should be
interpreted as comparative short-term reactivity patterns of PE
and PBAT MPs rather than as direct predictions of field
degradation rates or complete environmental degradation
pathways. These findings nevertheless provide a useful basis for
understanding the early transformation potential of
conventional and biodegradable mulch film-derived MPs

under UV exposure.
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4 Conclusions

This study compared the short-term (192 h) photoaging
behaviors and DOM release characteristics of PE and PBAT
MPs under controlled laboratory conditions. PBAT exhibited
earlier surface pore formation, a faster hydrophobic-to-
hydrophilic transition, stronger -OH signals, and greater DOC
release than PE. In contrast, PE showed more limited surface
alteration and remained predominantly hydrophobic after
irradiation. The CI increased for PE but decreased for PBAT,
indicating distinct carbonyl accumulation and loss patterns
during early-stage photoaging. EEM-PARAFAC analysis

further showed that PBAT-derived DOM was mainly
characterized by humic-like and tryptophan-like components,
whereas PE-derived DOM was dominated by protein-like and
tryptophan-like Overall,

demonstrate that PBAT mulch film-derived MPs undergo

components. these  findings
faster early-stage surface transformation and DOM release than
conventional PE MPs under accelerated UV irradiation. This
study provides a comparative basis for understanding the early
environmental  transformation of conventional and
biodegradable mulch film-derived MPs in agricultural surface

soils.
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