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Abstract: [ Objective ] The ecotoxicity of microplastics (MPs) to soil fauna is widely recognized. However, the degree of MP
aging under different exposure durations, their differential toxic effects on soil fauna, and the dynamics of toxicity changes
remain poorly understood. [ Methods ] In our study, microcosm experiments were conducted to compare both the aging degree of
polyethylene (PE-MP) and polylactic acid microplastics (PLA-MP) exposed for 30/60 days and their ecotoxicities to earthworms.
[ Result ] The characteristic peak intensity of both aged PE-MP and PLA-MP exhibited significant alterations at 717 cm™" and
within the 1 000-1 257 cm™' range. The carbonyl index (CI) of PE-MP and PLA-MP increased from 0.26 to 0.72 and 3.23 to 3.35,
respectively. Also, scanning electron microscopy (SEM) demonstrated visible surface cracks and fractures, confirming aging on
both MPs. Aging significantly enhanced the toxicity of MP on earthworms and the redox balance of earthworms was disrupted
when exposed to both PE-MP and PLA-MP. This was associated with fluctuations in reactive oxygen species (ROS) and oxidative
stress. After 60 days of exposure, the concentration of malondialdehyde (MDA) increased by 36.22% and 11.47%, while
glutathione-S-transferase (GST) increased by 107.32% and 33.44% in PE-MP and PLA-MP treatments, respectively. In addition,
the activities of superoxide dismutase (SOD), peroxidase (POD), and catalase (CAT) decreased by 27.07% & 30.62%, 24.78% &
55.51%, and 52.90% & 47.78%, respectively. SEM and histopathological analyses revealed more severe damage to the epidermis
and intestinal tissues in PLA-MP-exposed earthworms than those of PE-MP. Intestinal MP bioaccumulation significantly
increased from 2.50 + (.28 p.Lg'mg’1 t0 6.17 +0.13 pg-mg’l with prolonged exposure, ultimately causing irreversible physiological
impairment. [ Conclusion ] The aging of PE-MP and PLA-MP in soil induced significant physiological damage and oxidative

stress in Eisenia fetida. Notably, PLA-MP shows greater susceptibility to aging and induces stronger physiological toxicity

compared to PE-MP.

Key words: Soil fauna; Microplastics; Ageing; Ecotoxicity
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Fig. 1 SEM images (PE-MP: a, c; PLA-MP: b, d) and particle size distribution ( PE-MP: e, g; PLA-MP: f, h) of different types of

microplastics
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Table 1 Basic physico-chemical properties of soil samples
- HHL: S S
pH Organic carbon/ Total nitrogen/ Total phosphorus/
Soil type Clay/% Silt/% Sand/%
(gkg") (gkg") (gkg")
#+ Lou soil 8.63 8.61 0.62 0.88 25.5 57.4 17.1
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Fig. 2

(4

Changes in surface morphology( PLA-MP: a, b, c; PE-MP: d, e, f)and characteristic peaks( PE-MP: g; PLA-MP: h ) of microplastics
at different exposure times
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Fig.3 Standard curve (a, b) and changes in microplastic concentration in the earthworm gut ( ¢ )
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Fig. 4 Levels of antioxidant enzyme activities in earthworms exposed to microplastics (a: ROS, b: MDA, c¢: GSH-ST, d: POD, e: CAT,

f. T-SOD)
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days of cultivation, while d, e and f are the levels of damage after 60 days of cultivation.

Bl 5 AN[E MPs % 21 [ fis| 2 7 5 -2 (Q: a, d; PE+Q: b, e; PLA+Q: ¢, f)

Fig. 5 Extent of epidermal damage in earthworms with different microplastic exposure times ( Q: a, d; PE+Q: b, e; PLA+Q: c, f)
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EOH SRR R BZR, EOFLFRG L, PR RN E AR L . Note: epidermis (E), circular muscle (CM),

longitudinal muscle( LM ), epithelium( Ep )and chloragogenous tissue( Ch ). Red, green, blue, yellow and brown arrows represent longitudinal

muscle fibrosis, circular muscle necrosis, epidermal damage, intestinal epithelium damage, and chloragogenous tissue Pathological changes.

&l 6 il 204U A
Fig. 6 Histopathology of earthworms
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FEff-S 0" BIE RGN, e, ZAur= e ik
TR Py 3 G, T B 5 R R A R T 1 — 20
i MPs 4L,
3.2 AEZAETIE T R 28 R 7 X e 5] AL B

M R B 2 S 50 47

AR R KA R, SRR R RS S
FEML ROS AKF-JAg, 7= E A aa ", SR X
WEMih, AR i — R PR L], iR
CAT ., POD . T-SOD K GSH-ST /KF45, LYK ROS
A, HEMHCAR S S0 R A R AR A R T . AR
WFoE R AT MPs Z 75 M| 09 4= B 5, 878 T 9t
FALTE R G MRR R ALRAE . FRERVII, MR N
ROS /K TR, 25 60 KiF, PLA-MP ZE# 4 ROS
K3k 116.14 Fluoe intensity/mg, IR A:FE

Jig o sk Sk S g B R GSH-ST 1M S b
¥4, LM T-SOD. CAT Fil POD 45 Kb A AL BTG
PERY BT, HAERRME, % 60 X ROS &
E TR YU ABETE PR PR, AR TER 30 X,
Hrft PLA-MP AbHAH (BTSRRI B (P <
0.05 ), X F2 B MPs 23 fish & T M 5] % P 17 42010 5 5
FRNE, SR T HUEACEE RS, R ke ] 3 5 A A
Wi I A R J1 . [FEF, ROS /KK EFHS
MPs 7 i 15| (4 5 (1) SRR B VIO o Bl 5 2 iR it
[FAE, MPs #F—2fk, KM, S4E
il P 38 i 101 oy A2 A /N T i
MPs 25 ¥4 1) 52 2 A48 A0 i il 1 HEGE Az 4 1) £ 18 5
Wi o BRI, HAMRFFE & B0 i 15| 22 5% T 500 mg-kg '
f) PE-MP 7 KJ5, H ROS FIHt A AL EEK - FEAR 5
M RFEE 28 K, ROS W B&ETHE E X
My 1.8 F5(P<0.01), JFERE CAT(+35.2% ). SOD
(+28.9% ) 45 BT A AL B AC AL MR B Y, IR
I UH R T B B B i mE IR L L B e ) R R o B
A= A i R AR SE R AR K08 ROS 724, T
IR REEUE L RS IR, TR TR
A 05 1) e 20 R o 33K 55 AR FE F O8I B e 41 it
MRS FIRM B R A AE 22 5, AR TAMR
AU B — MPs VR, KRB 78 53 I AN [F] vk J3E A6
NPT M S A AR . A, MPs —H
A G, AUE RSNV A, R TE
MBS YR ( A AR TE ] Proteobacteria FFHS:
[KE R Comamonadaceae ) WIVEFI T KM SR
TR A o X — S B AN SURETIC T MPs T A S i 541
T REAE T A BRI P, B SR RN
Xof e M| 5 i 5 Sk 7 AR o L, 5 60 K HF ROS
3t e R REE 4 S B A AL B B R S Dk

i, AR5 | K P AA A T B — 2 R R
ABFRALTE BRI T VAR EG R R S, 1 SR bF
FRM, BB 5 YL 5 5% 1T BRI AR F IR AR .
i, LR R, PE-MP 558004 250l
5 T 05 4 5 2K P450 B IEPET S 3.2 %, IZFIBA
Bifi 5 & 30 PE-MP FL0l 52 B8 60 KA 4 it 1 3R P450 i
TR 49.3%~53.6%, XijiHH MPs 3¢ PEAL ]
TPAE B B AR Y STk, R8sk
o Eh e SR I R e . R RS . RN
B R 3B i AL 2 4 I IR R, LIRS E
7 H AR ) A AN
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3.3 ANEZEUEIET MPs 343 A A fHEIEF T

=g

MPs LLH: 5 B2 (1) 80 /KRR LT 3 WG R RE T, X
AWK L T 52 2% B Z AP . SEM 45 R &0
Bl MPs B 55 I [B] Y FFLRAE K, S ds] ) B ) 24 4
FFARINGG . PE-MP ZFRIAEE T, WM s]WI 6 & A= 4
24, B R R SR R SRR R 5 AR
PLA-MP BT, 5] 75 22 5400 S 2k 36 K2 1) R R
J 3 W e PR A R R RG Z2 B B4, I 2 R B ]
R, HR G B ANE BT A Ak R B AR A
HAI R Mt — 88 T MPs B85 i 5158 B Ay
WER, TFRAR TR, WA ILA K R ey
W27 T B ENBGSRAE, BRI
HAZR ., FERIFHEaRE: (1) Mi#E MPs 22
[ PAER, Wil R Eas, EER vk, JF A Bk
R EARDUR B X2 A MPs “Z1bJ5 &4
BREAIECRIG I, SRR NE | Wb i e kg
s, S5 A LR (SOM ) KA G,
e R MPs-AHLE S ARBAEY) aT 45 PR 4%
B, SEINEIRT a5 (2) PLA-MP ZR8X}
MW R T, MUK T W RAE R
WA T B . X—% Y5 Ding PYHME5E 45
AR, BIAHEST PE-MP, PLA-MP FFLH T g5
FURAEBRERME, AR 2 R 2 R &
SR, BAKIME, PE-MP BHAABUN . JEHARHN]
HhZEF|, B0 T UiAS e sk g, M
M5 | LAV 5205 PLA-MP W5 5 55 4= Wi %
AR & AR EAE AR, 5 AL L A AR O ik
RRREINEY LAk, 1EAIRN, PLA-MP 7Ef7ib
AP A RN T 5 i SR AR IR, 24
ff B ERE A IR R R, b2 T
R PR IR, AFFSTIA A BRI MPs ZEERE T s {4
AR T2 EH5, HIFARFIHXT MPs 024
BERIE N, T RE VRS B 2RSS Sl 2,
E—2 W MPs SHEPIRITERPLRI B 2,
THLWW | SAALRO . AT S e YR
VA2 )70, XSRS AT PR

4 4 g

{455 PE-MP HI ] [ fi#% PLA-MP 75 -3 i1k

T AR ) 2 S A T ) B P A R A, T
SHLR S A AL B N o AHEE T PE-MP, PLA-MP
W5 2 AL H R TSR F A A B v 5 KM MPs 2
TSI E— B4R, MPs S {ERis Ay 2R, AL
T S ke 5] A A BB GG, 34 R REAR A T MPs 5
JEL 1 0 BB 05 1) A A 2R R AR 2E AR 5 e AR . RIS
7 T A5 0 W fie Y b 1% 390 5 AR s ) BL R 2R S ik
L, A PR A R 7 i B R B BRSO
IRk

S 3CHk ( References )

[ 1] Sahai H, Garcia V M, Murcia M M, et al. Exploring
sorption of pesticides and PAHs in microplastics derived
from plastic mulch films used in modern agriculture[J].
Chemosphere, 2023, 333: 138959.

[ 2] ZhangF, DengZ, MalL, etal. Pollution characteristics
and prospective risk of microplastics in the Zhengzhou
section of Yellow River, China [J]. Science of the Total
Environment, 2024, 931. 172717.

[ 3] ZhaoY, Chen X G, WenHJ, etal. Research status and
prospect of control technology for residual plastic film
pollution in farmland[J]. Transactions of the Chinese
Society for Agricultural Machinery, 2017, 48( 6 ): 1—14.
DA, BReepe, W7, % R MRS Jn B A
WIRBUR SR ED]. RAL BB, 2017, 48 (6):
1—14.]

[ 4] XieB,BaiRR,SunHS, et al. Synthesis, biodegradation
and waste disposal of polylactic acid plastics: A review[J].
Chinese Journal of Biotechnology, 2023, 39 (5):
1912—1929. [, FHE, AMel, % BRI
B ARV R S Ak BRI ST HE R (0] AR T
gk, 2023, 39 (5): 1912—1929.]

[ 5] WangSR, GaoP, Han Q, etal. Insights into photoaging
behaviors and mechanisms of biodegradable and
conventional microplastics in soil[J]. Journal of
Hazardous Materials, 2024, 480: 136418.

[ 6] FengXY,SunYH, Zhang S W, et al. Ecological effects
of microplastics on soil-plant systems[J]. Acta
Pedologica Sinica, 2021, 58 (2): 299—313. [ FH %,
INEH, kB, 5. ORI LIEAEY R RES
BN [T, HHERAIR, 2021, 58 (2): 299—313.]

[ 7] Wu X, Zhang Z, Guo X. A systematic review of the
mechanisms underlying the interactions between
microplastics and microorganism in the environment[J].
Trends in Analytical Chemistry, 2024, 172: 117543.

[ 8] Wang F, Wang Q, Adams C A, et al. Effects of
microplastics on soil properties: Current knowledge and
future perspectives[J]. Journal of Hazardous Materials,
2022, 424: 127531.

[ 9] DingJ, LiangZ, Lv M, et al. Aging in soil increases the

http://pedologica.issas.ac.cn



2 3

o OEA . PR TR SR GO AR B R M 451 R AL Y5

557

[ 10 ]

[ 14 ]

[ 16 ]

[17 ]

[ 18]

[ 19 ]

[ 20 ]

[ 21 ]

disturbance of microplastics to the gut microbiota of soil
fauna[J]. Journal of Hazardous Materials, 2024, 461:
132611.

Liang X, Zhou D, Wang J, et al. Evaluation of the toxicity
effects of microplastics and cadmium on earthworms[J].
Science of the Total Environment, 2022, 836: 155747.
Gao Y, Luo Y M. Earthworms as bioindicators of soil
pollution and their potential for remediation of
contaminated soils[J]. Acta Pedologica Sinica, 2005, 42
(1): 140—148. [Fid, %KM, M50 8Es YLy 4
AER R R B Z B I [0]. IR, 2005, 42
(1): 140—148.]

Zhang L, Sun D, Zhang J Q, et al. Research progress on
the migration of agricultural film microplastics and
phthalates in soil[J]. Soils, 2024, 56 ( 5): 938—947. [k
HLOINVR, sk, AE R BENOE RS BRIR AR 7E L
TR HFFT O RET]. 13, 2024, 56 (5): 938—947.]
Zhang Q Q, MaZR, CaiYY, etal. Agricultural plastic

pollution in China: generation of plastic debris and

emission of phthalic acid esters from agricultural films[J].

Environmental Science & Technology, 2021, 55 (18):
12459—12470.

Miao H, XuJ M, YuY, et al. Toxic effects of atrazine on
earthworms in three forest soils[J]. Soils, 2023, 55 (6 ):
1316—1322. [WifE, VFINBY, BB, &5, =Fhgrbk L%
o 35 2 X M| (Y BE PR [T]. 4, 2023, 55 (6):
1316—1322.]

Cao X, Liang Y, Jiang J, et al. Organic additives in agricultural
plastics and their impacts on soil ecosystems: Compared with
conventional and biodegradable Trends in
Analytical Chemistry, 2023, 166: 117212.

Pooja N, Chakraborty I, Rahman M H, et al. An insight

plastics[J].

on sources and biodegradation of bioplastics: A review[J].

3 Biotech, 2023, 13 (7): 220.

Zhang S W, Ren S, Pei L, et al. Toxic effects of
polyethylene and polylactic acid microplastics on
earthworms[J]. Journal of Applied and Environmental

Biology, 2023, 29 (2): 322—327. [3kHik, (LI,

e, G I LR TN LI TR R M 451 B4 B B[],

B SRREE A 2E 4R, 2023, 29 (2): 322—327.]
YuY,Lin S, Sarkar B, et al. Mineralization and microbial
utilization of poly (lactic acid ) microplastic in soil[J].
Journal of Hazardous Materials, 2024, 476: 135080.
Wang Q, Zhang Y, Wang J, et al. The adsorption behavior
of metals in aqueous solution by microplastics effected
by UV radiation[J]. Journal of Environmental Sciences,
2020, 87: 272—280.

Liu G, Zhu Z, Yang Y, et al. Sorption behavior and
mechanism of hydrophilic organic chemicals to virgin
and aged microplastics in freshwater and seawater[J].
Environmental Pollution, 2019, 246: 26—33.

Wen X, Du C, Xu P, et al. Microplastic pollution in

[ 22 ]

[ 23]

[ 24 ]

[ 25 ]

[ 26 ]

[ 27 ]

[ 28 ]

[ 29 ]

[ 30 ]

[ 31]

surface sediments of urban water areas in Changsha,
China: Abundance, composition, surface textures[J].
Marine Environmental Research, 2018, 136: 414—423.
Chen YL, Liu XN, Leng YF, etal. Defense responses
in earthworms ( Eisenia fetida ) exposed to low-density
polyethylene microplastics in soils[J]. Ecotoxicology and
Environmental Safety, 2020, 187: 109788.

Yang J, Li L Z, Zhou Q,
contamination of soil environment: Sources, processes
and risks[J]. Acta Pedologica Sinica, 2021, 58 (2):
281—298. [, ZEiEml, JAfE, 5. LIRS R
BT SRR . R KUK [D]. R, 2021, 58
(2): 281—298.]

Yang X X, Zhang X M, Shu X, et al. Toxic effects and

interaction evaluation of polyethylene microplastics and

et al. Microplastics

cadmium combined exposure on earthworm FEisenia
fetida[J]. Acta Scientiae Circumstantiae, 2024, 44 (7):
482—496. (e, K5, &0, FROIEHIBEL
55 R EE B B R 0T 25 7 P 01 0 B P ARONE B S8 LA
fH0]. FRIERLE2R, 2024, 44 (7): 482—496.]
Yang X, Zhang X, Shu X, et al. The effects of
polyethylene microplastics on the growth, reproduction,
metabolic enzymes, and metabolomics of earthworms
Eisenia fetida[J].
Safety, 2023, 263: 115390.

Kong Y, Zuo X Z, Yi P, et al. Research progress on

Ecotoxicology and Environmental

analysis of the properties of natural organic matter and its
interaction with soil minerals and exogenous pollutants[J].
Environmental Chemistry, 2021, 40 (9): 2715—2726.
(LA, ZEMzZ, M, 4. KB LTI BT5HT K
H 5 g Yy oS YA AR RS SR 0] 36
Bifb=g, 2021, 40 (9): 2715—2726.]

Ma S R, Li S X, Guo X T. A review on aging
characteristics, mechanism of microplastics and their
effects on the adsorption behaviors of pollutants[J].
China Environmental Science, 2020,40( 9 ):3992—4003.
(I, ZEFAT, 9. ROBRH A E . HLH
R HEF 15 Gy W 52 ) B BIF 5 08 R (. P I PR R A 2
2020, 40 (9): 3992—4003.]

Ding W, Li Z, Qi R, et al. Effect thresholds for the
earthworm Eisenia fetida: Toxicity comparison between
conventional and biodegradable microplastics[J]. Science
of the Total Environment, 2021, 781: 146884.

Guo X, Wang J. The chemical behaviors of microplastics
in marine environment: A review[J]. Marine Pollution
Bulletin, 2019, 142: 1—14.

Lei L, WuS, LuS, etal. Microplastic particles cause
intestinal damage and other adverse effects in
zebrafish Danio rerio and nematode Caenorhabditis
elegans[J]. Science of the Total Environment, 2018,
619/620: 1—8.

Jeong C B, Won E J, Kang H M, et al. Microplastic

http://pedologica.issas.ac.cn



558

+ i

Eibd 63 ¥

[ 32 ]

[ 33]

size-dependent toxicity, oxidative stress induction, and
p-JNK and p-p38 activation in the monogonont rotifer
( Brachionus koreanus ) [J]. Environment Science &
Technology, 2016, 50 (16 ): 8849—8857.

Zhang J H, Meng H, Kong X C, et al. Combined effects
of polyethylene and organic contaminant on zebrafish
( Danio rerio ): Accumulation of 9-nitroanthracene,
biomarkers and intestinal microbiota[J]. Environmental
Pollution, 2021, 277: 116767.

YuH, ShiLL, Fan P, et al. Effects of conventional versus
biodegradable microplastic exposure on oxidative stress

and gut microorganisms in earthworms: A comparison with

[ 34 ]

[35]

two different soils[J]. Chemosphere, 2022, 307: 135940.
Zhang L J, ChenJ, Ao R X, et al. Degradation processes
of biodegradable plastics in soil and their effects on soil
Environmental Science, 2025, 46 (2):
1145—1154. [3KFIG, BRit, Boms, % LREAEY
% ffe R 0 I i o A S X S Y i R[], BRER
Bhet, 2025, 46 (2): 1145—1154.]

Tousoulis D, Andreou I, Antoniades C, et al. Role of

animals[J].

inflammation and oxidative stress in endothelial progenitor
cell function and mobilization: Therapeutic implications for
cardiovascular diseases[J]. Atherosclerosis, 2008, 201 (2 ).
236—247.

(REHE: HENA)

http://pedologica.issas.ac.cn



