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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 +0.28 pg'mg’ to 6.17 £0.13 pg-mg™ 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.
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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
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B+ Lousoil  8.63 8.61 0.62 0.88 255 574 17.1
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Fig. 2 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 (c)
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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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Fig. 5 Extent of epidermal damage in earthworms with different microplastic exposure times (Q: a, d; PE+Q: b, e; PLA+Q: ¢, f)
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W EOFESLFRRE R R ZEK, HEF kTR LRI, BEEE kTR MM, 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.
Bl 6 izl 2H 255 21 2
Fig. 6 Histopathology of earthworms
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RE N, ESERNE, 5 60 RROSHERE &, Pra M ErESmEiFIE, HIKT
%30 K, HAPLA-MPACFEA ()BEEE T I N R (P <0.05), iXRIIMPsE R filk [ i
W5 N PR SR A BN, BE T LRI R G, o8 e ] 3o AR I AR LA SR R A U T
[FI), ROSIK- b F+5 MPsTEML IS A A 1) RN B UIAH G . BEAE FR a5 I (R B, MPsif—
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B, HIE KRR, & R Y, g as N, B B s Sy, MPsZEH
(152 2 AR R T et E AR 0 S S . SR, S A R B 24 M 4] 52 7 T 500 mg-kg
1) PE-MP 7 KJ&, HROSFIHUAIEGA TG MRrLiRiE 2 28 K, ROSIKEE BT 5
FEXFIRAHM 1.8 1% (P < 0.01), FFEBECAT (+35.2%). SOD (+28.9%) 25544 A AL g 1)
FRAEVEBOE P, ok PR T Bk (0 AR Z R L), B R BRI B i s B A R
R A TR DROS A4, K2 5 S BT A I R GTERRRE IMA, 51k 188
RN o 1K -5 AT AR BIPT AL B TE PERF S T IR AFE E R, ATREZ T AT 5T
A E B —MPSIRBE, R REFE 50 SRS [FR BEA B DU AL BV 14 ) Bh A AR AE . LA,
MPs— H.ik N i, AMUAERINEVEYIARAE, B EREREDRTE (AR
ProteobacteriaflF} g [K i £lComamonadaceae) [KI/EF N KA S5RMIEM. X—d AR
IR T MPSEE S HH R N R, 38 v] REA: BGHT IO BRI =4, B SR EE RN, X i) i
BN 45 . Rk, 5 60 RITROSHI I & BT ik L4 S BT AL R AN ThEE
SR, BT S R PTAACEEE P TR, ERE, AHE A AR T A A R
ARG, MET iR, BEaTs fp 25 fens i g, v, msEsg,
PE-MP 548 (1) 56 & 2 72 7] 175 S di| 40 it (6 X P450 BiE P THar 3.2 1%, i I\ BE 5 & BLPE-MP
P FE 60 K40 At ZKP450 BG4 N 49.3%~53.6%, X ikt BHMPs[BE AL I A7 1E &5 3%
MIFRBE AR Y, ST, RS SR R A R S RERM RS RN
WU N R I AE A T 2 ST R R, LR G iE s HAE a3 R0
3.3 FEZAATE T MPsxF 15| 4H L1738 F L B 20

MPs DL 5 58 (1) B /K R 0 2 5 TR B 8 0, ARk ik T R 2 HL 2 FE AR L o
SEM&ZE 3% W i 45 MPs B2 22 I [R] OO RRSE LB, i) (1 B O B 30 4% - R Dk 55 . PE-MPEFE IR
O, W1 W R AR AT, B S R IR AR R e R R AN SRR R 5 T /EPLA-MPIME T,
5] 7 5% 8 )@ L 3R B A R B AR 40 W e BR R (U B BR A 22 WA N 7 180, B o5 5 3 I [ S K
Hoge B AR gm M B T S AL R AR . LR it R R T MPs B R X i i i
R B EE R, WA R B, WS AL R B R sl 2 T B E G 5% AR, BN
FBAIMREE R Z5 . FERERHEERE: (L MEMPsE: N AL, dri iy -
SR, HRMIE, A BRLR NS PR I X EF IMPsEMN G & A B RelH
RN, SRR, Wb RME R B g, 55 AR (SOM) KA
Zh4y, RATNDIE I A A T MPs-A HUE SR AR M T e PR s, ST R B 3 R B A,
(2) PLA-MPEZEXT ULl (8 F SN E, AMUGIUR T WS I 90 N, IR T 5 Mg
o 1X— KL 5Ding P B 745 A A, HIHE T-PE-MP, PLA-MPZRI H1 5 958 51
AR, MR ZE SR E R E E RN EER R, AT S, PE-MPREILAEF/N, &
IRAKI BB 28R, 5 5 T AR & sk I T2, AT 51 2% HURR I 353 45 I,
PLA-MP I B 5 55 A W e 40 8% A5 A TR Y, 3 SR & 2R S0 SO i iz 0 S
BOL gk, #EAEWIAPY, PLA-MPTERZEMAEMHIE TR 3 5 i IR BN B4k, %4
3 e e eI I ITOE 0 ST e ) 1) I 2 =0 oty § VA S T i B b -/ N
MPs% i i AR 2 23 U 52 7™ A 1,  H IR H X MPSE RS IRE R, 17 2 et
IIIVERAE R RS SiREERE, 3D RAMPSH AEYIRRIE RN N E 2, s T4l
W AN A EEE DR G E A YR S S 2 07T, X L A B S A
E_ /%2 uru] [341[35] 3

4 4w
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& 5 PE-MP 1A [ fi# PLA-MP7E -1 338 v (1) 22 A I B 35 23 5068 71 1 52 FE il s ol ol 25 () A 3
Wi, HHESHUE RSN N .. M TPE-MP, PLA-MPEE 5 &b HRDH iR FIH
AR, KUIMPsR TR 2t — S0 n, MPsEERTIEAR P 2A, AU 7 Hoxt s ()
A PRSI AT AR AR A EHMPs S| I R 1 1) TR 2R A B AL . AR FidRoR 1A
B8 i AL (14 750 RS ) SO IR 2R 28 N AKRE, iy 2 0 B8 A SRR = it R PR B N AR HAE SR AL T 8 1
BREEHE -
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