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Abstract: The aging of microplastics in aquatic environments is significantly regulated by pH, yet
the molecular level differences and the corresponding regulatory effects remain unclear. This paper
systematically reviews the regulatory pathways of pH—driven microplastic aging, the differential ag-
ing characteristics under various pH conditions, the impacts of aging on the environmental behavior
and ecological effects of microplastics, and the limitations of current analytical characterization tech-
niques. Research indicates that pH can drive surface chemical evolution, release of additives and
degradation products, and changes in diffusion and mass transfer of microplastics by modulating the
interfacial reaction environment, the stability of polymer structures, and the processes of aging prod-
uct migration and release. Specifically, acidic conditions favor the leaching of metal based addi-
tives; alkaline conditions more readily promote the release of organic additives and microplastic de-
rived dissolved organic matter; neutral conditions are characterized primarily by synergistic aging
mediated by minerals and organisms. The above processes further alter the transport and transforma-
tion of microplastics, their pollutant adsorption capacity, and their biotoxicity, and may also affect
the carbon cycle in water bodies. On the basis of systematically summarizing these patterns, this pa-
per identifies the current limitations of various characterization methods in molecular resolution, in
situ dynamic monitoring, and multi—factor decoupling, thereby providing a reference for targeted fu-
ture experiments and technological development.
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Schematic diagram of three—tiered chain mechanisms driven by pH for microplastic aging
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Fig. 1 ~ Schematic diagram of the pH-driven aging pathway of microplastics
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Table 1 ~ Summary of the regulation of environmental behavior and ecological effects of pH-mediated microplastic aging
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J R (FT-ICR MS) %5 7 ik 70T o X Ee T VAR H bRk i) Jy T BT Besm A 3, (BAEROER & e
ZAR PR R WS IR AR A AERR K . TOC/DOC RE S W SRS, B an, BHER 7 P 5544 F PVC R PS )
R A AR B R P 2 A0 2. 5~3. 2 f%1 o (HHASREIX /3 B0 7 55k E R AR L iRl
WAASNER AN, XA LS EHE DOM 2 FRIEH) FIB . GC-MS Al LC-MS 1] - 31
WAL INFIRIFE AR =0, Blin, BetEStE(pH 5. 0) T 5 H PVC IR b V4R i 12 i vt 4%
PR 6~8 £5 . AHEATIMCEIbRIE WA B RIS A, RERAGZY) . RS kA m S IR G0 E e
HAR, CHEEAR pH AT, BRBU= B SRRES | R E SR AN, r—Jrik
A LI . ARFE S T EARFEAZEA 45y . FT-ICR MS B A A& YR, wfii g
22 DOM )53 F AR, (HHA5 MR S RIS R, HOAMIRE R | 48 & et sk R i A i i) v 1) 72
YAPBRABEUR, e, S ETREEO= 50 BT 0 Bk i) S EAS R BE AN REIN B SR 2L 5, T AR RE 75 i A
T B 5y T2 N B AT I LR EE . AE pH 3RS BRI, X —iEdEsE H aiii A e, ok
RN F AR pH Z5 4 T REBU= A i A AR E] . WRLe =) 5 A0 B A2 B OC . WRLER TR IR H
WL I T 2R A S R S ) L, B BB 45— HLaT SR @ HELE
4.3 BEMASSEFRERIE: LiEDE pHBIM L E

LSS R, pHIRBIRIERL A — AN B RO 2R Zh S #e , il Rpala s Sm
MR JRELAT MG . BT AR A A R . I, RO . L. ZRIENSIE
WIS B pH S PRI BOAZ D TR o JEAEZL A B 6 i /BT SERHE 55 pH Bh 22810 F Rkt
HREMEAB B, & T E S 0E F PET BREE/K MO0 SN 2 154508, (H KIS oK ) s i
SE PGS, EEIhE . SAVUTA EIOK AR EME L 208 TR, B Ri{RER 585 =
AR R RS T RN R S R AR, i B PRIE S (ESR) W] e P SR AN IR pH 254
T A BN SR, B, Ding VR HIZHEARUESE, PHAE TR L - RHE R
Rt b R S Y 3. 2 4% Nakatani 25 BLSS R PE /K (pH 7. 8) IR ARS8 A H
FLAE AR A PP AR I ) Stk . (R AR TR X 2 B R SRR 525 1a) 40 A, e LLSCBLAS SR -K
FTH A JEAL NI, o e HERR AP % B A R T

g T R M LS T B AR A AR S RARAT LR, BT SR RS AR AN
Bro o Fah 1R n] R F /KB AN pH T S8R5 7K 5 10 AH ELAE T RE S A I SR 2L
Yin S5l 43 T8 JISAEIESS , pH TS SRR O S A LR A 5 2 B AH BAE FHAE, M
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SRR TSR A TR A A USORE A2 0L s Henkel 852V BT 1A pH R RFITER &
Y Soh B O R, IESERIE SR T RS YR K S Sy R B T I IR O ) S5 . (H
BA R 5L EIEROR, 45 RTSEIIIE, MAREMSIAEAYLHISEIE . AT TR TR bt
BRI, BUAPERFIN 2 B AR AP ) B O RHRHE 5 PR A 7B JR 2 SR AL . K
M, AR b ik = AL LR, T ahas pH T 70 TIEE 5 B i RS B O 72, XELLSE
BUARZHAZ LB REETII . PtE, BUA IR AL S BORPASEE RV 22, BHERH S Bk R, =3
Tk T 2 RS T pH BB ZS RIS R, X pH M7 RN LR BOAZ O BRI

5 Zit5RE

AR GRS pH RSN SRR A B VE LS . 22 59A0RRIE . IR0 R R AR ARSI T T
ARG, BIRRE, pHIFEMEIEE AT RAR &, Tl s Fm ROV RS . AL RRE
PE . BIGRR H EEAPREBGE RR, Sm f RHE K IR () A AR X i . DAL B,
pH S A FERICH R E A S0 . WRERER TR, DAY HER SRR =4
J7 T ORR A A . BRBENE R 5T ;. m KAR (pH 9. 0~10. 0)MIEAHLBIFI 5 DOM iEH, HE/K/NMERRIL
(pH 7. 8)EFEE MR PP, EVA B, S50 AT #2REmBhN, P HERRRET Y . Ak
Mg, Sk, Huiirs i e s FACEHURIARE . pH M2 fELUEE | AT RIER R &
BCHEA R PR . Horbr, AT ELREHRIZ 16 pH VR SR ROALEIRA], 52 BRG] T 2 R R Zh 2
SRR = RONEE JT . I, SRR ST IR EE AR IAURAE pH A B e AX — 2, R —
[l ZAE A pH YE A | Aoy AR . KTMREE IR S B AT . DU RhE R PR R R % A
M.

T, JEEEMIE e E NI A et 55—, A i EUSCEREE pH BRI K 2h 5 5058
R, ENRESEEE . TR At TR ESER R, AR UK SR SRR AR, S, R RIRAL .
A BB RIER A, SCIBORRIEE AL . PR RERORD S BN AG [R)5 Wa SE =, ST AS
A . ARGIFIFIAFEREA B FROPREL L ECHESS, LIRS0 45 Sm nl e PR RIS o
BT, R pHIER . BALHIRIRE XS B 40— ML GE, 768 B EHEsh ik 21k
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