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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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P R WIS F AR AE Rk . Horbr, TOC/DOC RE S WL SRR, 91 anuA i 1 it 5544 PVC HI PS 1Y)
AR DUBR BRI R IR A Y 2. 5~3. 25 (HHARBE IR A B 92 72 ok A SRk AR . TR,
WAEANES AU, ML PR RHE DOM 43 F R UEAY HIKT . GC-MS A LC-MS ] U4 A L
R IR S P2, R ME 54 (pH 5. 0) T 5 H PVC T UL v B RIE8 19 32 H 2 vp P 2 A 1) 6~8
52 AREA MR bRIE S H BRI, XERFEY . R E R AR S E ) EIR SN E SR AR,
TeHREARR pH T, BlG=i s g R3S R E Y & & s, s —J7 i Ak L
AR E . AT BRI B 2H 5y . FT-ICR MS BB S P, al it 25 DOM )
Oy FRRAL, (25 R e i BE AR e e, HOWHMIRE B | 4% % M s i A i wp [a) P AT A%
U, NI, BUKY BB o B 0 SR AN A H AR 0K R RE 7, Wi A BE 75 i IR 2 3]
oy TN BRSO B ESHIEESE . 16 pH SRS AT, X —iEdasE H A A ses, o RN
AN pH 54 TREBUE A 2 R, TR LIS )8, B AR Z G — T 52 A HESE
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
THHEMFZESHS &R, Ding W R AR AIESS, PEF4 TR L0 9-H08EHA R R LA
P IR AE il B R S T 3. 2 /%5 Nakatani 25 % BUSS IR YLK (pH 7. 8) IR AR 519 A LA %,
PR A PP AN ) S8 . (HIZBAR TR X 5 A BRI SRIE 525 0] oA, e L SCHURRL /K L H )
JEAZWEIN, W TEIRHERR AR A 7% B B A 3.

SRR My PSS T B AR S s S JEALRAT LR, BT R S B IR SR A B B AN B
53 T80 TR ] R F K AN pH T S8R5 7K 5 00 A BLAVE A BE SR NI 8UR 2L, Yin
SFUNE ST IFAERIIESE, pH TS SRR O S A YU AL 2 I A BAEHEE, o1
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KRR T B AR A A HUTORESAZ 0L Henkel 552N 7 AN E] pH NS RIIER Sk
Foh ey HOSHE, IESEIE SR A T RS WIS E 5 HCR SR R AN BOE r S o {H AR
Th R GHLHBEZIACR, S5 RTRIEUE, M AREMSLAEANLRIZE . TR A AR A MY S5
bR, BUA WA 2 H bRl A PLER 52 >) R B i BRI ALE 15 BRI P 7 B AR P BKEh LR - o #RiT,
AR ik = AL AL BR LW, TRiRIR BN 25 pH T 2 7k 5 B th BRSO A, LS B R
LML BOREHERN . A, BUAJSOLMS M ROR RS E v 22, BB S SR R, S Eckik
AT 2 RS T pH OB SRR, X pH S r A0 L B AZ OB I

5 Hit5RE

RSB SR IR o pH IR BN SR AL VE AL . 22 RAARIE . BREERON B RAEH AR ST T
ARG, BRRE, pHIFEMIE AN T AR &, Rl s S RV G . R AR E
PE . IRINFNR H BCEAL =R O R, s S R AR K RS v i AL B AR XS STt . DAL
pH S A F R R EASF 5L 0EL . YRR SR TR, DAY H0ER SRR =14
J7 T BRI . BRBENA Y 5T . Bk AR (pH 9. 0~10. 0) NIEEAHLEIF 5 DOMIFH, K/ MBI
(pH 7. 8)iEFEEMBL PP, EVAYEEAL, ML /Ci et #2REmnl, h R SET Y . sk
M, Sk, Hurirs i re s FACEHURIARE . pH M8 fELUEE | AT RIER R &
BCPEA R AP . Horb, AT ELREHIZ 16 pH VR I BSARROALENR A, 5 Z R T 2 R R Zh 2
FRATRIF= iR ANRE JT . I, AR IE I AN RR T pH A S S X — 2, Wi 0
BFEAT AP pHYE I . TR 70648 . KR SR SRR IR . LURTRhos SR P43 2 ok A

BT, BT el & NLUT =ANJr ek . QO 328 55 H SR pH A6 B2 0 K 30 25 5030 1k
R, BRSNS T &SR, AR UR AR IR ; @& RN, 2R
. EHMRIERAR ,, SCOORR 25 Atk . PR R BOR S SR I )25 W s AR A
AFEFNFIFIAR R B A FRObRE L ASHESE , LIS i oe 48 i ol te P R /M . SR 5,
N pHEH . AL PRI RIS XS 8 T4 — 4R ML E, A fE B EHEEh Sk AL 7T AR
AR ALH B , KRR Y s 5 XU PEAG R A 5 o] 2RO B4k 4 o

SE Lk
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