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HAEM . EAMLRE LA 43 HE 3R BSO8R i 20
1Y ST A, 1 R G R0 2 TDRLRS B2 347 52 6 53 AT,
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R, SAMFREET AFM EGE &0 T HUEkES
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Zeta WAL S fELIRE/ DN, 2 AT RLHER 08058, i fie
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(FTIR) {19y IS AL, SHURE 2 18] 52 7 5 7 RE T R 43 b [23,29]
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Z 4G BRI E AR ) 5 A SR A B
YERT, INTTUESE T R AR IIE 12 H 43 () P BHAH B
YEHTSRSNY, Sy SEge W $2 gt 7 3ie S . Zhu S50
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WL S A BRAEAEYR o1, AR I AR | R
SRR RE M RE S ORI iU EURE | PO B A Al
B, IR 2 I0RE, JE B = ZEPIREE A, DA . 35
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NN IR B, RO R TGEE R
TEaT A, AR AR NI IR WY 1 22 L I 45 254, AN
I A2 T 22 e AR M AN A= ), 3 PR B A AR T i A
BLT5 ey N TCHLBORE, {15 5 L IR 2540 1 T 2% 5o ke
[P, AL RN & R AR, (R R Zeta HLA 40X
BN R, S HEF 7 W BRI, e TR
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KB IIHRENT . SR, 7E 85 V) 1 i S s s
TN, EPS 43080 /0, AW RG R 1 H 55, 3o R A
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TR 5 28 AR IR AR P B RS 2 B AR
e HIEBAUKEER 2 Fioyl. H, TR ER
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U5 T AR 5KAR TR Z M A0 A5 o X A%
OB RL, WIIR B B TR TR RZ, B
B (E] 4%, RS i L I B . EPS MR I S AL
R EAEROE R R T, SECRE MR K, BT
i, HEA SV RS, & MEEYES
EPS HF£ FUR, AR S B oF— 20 hm, HoAE & 1k
FH R DR, DT AR T A ) 2 1) A . A B
TR, PP 53 A BEILAF 20 d 5T MU AL R %
BE AR 0.90 g/em® FHE 2 1.20 g/em’, FEHIE R
AR Z IR ITRE T 2 R, ARG
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AR TG ey
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M, SRR TE AR KA E AT S 71
5 — BRI AR L, SRR AR AT TE KK 8l T2
RSFFIEE 5 2 i) = e 2549, SRR R B 4L,
Gy FE R X S8OE i A s A, AR IR I L
AU — 25 MU TR K- RS ) R AR . i,
Simantiris %5 “717F Hiy offE (G BLRUAIEGT & IR, FEIF U E
B R, SR AR R EAZRZ KB )
M HEZN, BRI 5B TR — B PRl
31, HoK V1B o 32 A o — Uk 2 T+ 20%~30%, 14
B A S A AT S B B IR A AN . BRI, A
YRS -t vl RGN ER AL A4 JIT 32 8 AR BHL 7, DA T 410 i
IKFAERS . SV S DN S B, R T A )
F IR 22 KR B K ST R I B B e A M R
A IO B 408 50%~60%, [ It 2 W 18 4 o 1T B
RE 10U 4T,

4 WHER-EXARERIBHRALHXBRN
S

41 R
411 REERKR

R A SRR M T %5 5 L TR M R oy
PESE) JE 8 H S B AR MO R T M Y 5%
SRR . B, AT R i SR /B K P R e
k5 S B LA W B o S K P R R 1) e 2 (I
PLA )2 1 M P i, R S5 KA B VR 5 s 2 R
GhG, AR SRR, DT (2 F i A S R 3R 1T
R B KERSR AR PS) 5 Rk Mk
Sk N2 5K, B e A K HE R, 2 1 BELAS 8 40
AIRT A BB, S SO R A R B BB i R AR IR
FEPERCESEO R, TR %) % B 2 DR T R —
RBERVIEIT NN EERNE, R, &%
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PE(1.40 g/em®) 5 715 ] 55 45 B0 B ) 3R AR MR TGk ok
(0.81 mm/s) i 3 /& TIL% B PE(1.00 g/em®) R 4E {4
(0.63 mm/s)!' SR, Lim ZE000% BAK S5 BE o kL 5
FEBTE U R DR S5 B 5%, DI (21.2 mm/s)
ST S 15 T e 4 FE AR (20.2 mm/s ), 3 ] R ey 2
JEE RO P S 1 A BN, T S BOR R ES A A
XIRNECA 560 T, SO BT R 2 s i H 5 e 8
HIEREE . BN, PET £F 4k AR A0 A B, A F]F
PEANMIAS A B, 9 JEEE 3R 5 RE SR IR A TC TR 5 PET 4F
Yt R A, HIBES PE BRIAIE B AR, 875 1F
FERIN, FOR IR R B % S B i BB i,
TR 5 R0k 80% LA b, BEE TEEERAN
& 50% (FSURCIR SRR, SETAR B8 F IR RLITIE
HI R ARG FY T %, HUTRE 4 (11.6 mm/s) 290§t
ROR AR (5.8 mm/s) 1Y 2 509, fi ), & mHLRE
B R A B O s B . R IR | A 248E
23 BRI R RESR LT 22 B 67 4, SRARRICR T &P,
BCAR, TR R A (IR | SBEALSE) ), R IrHLRS
B R, R AR K, i — D A
AL,
412 Hifz

AR SR 52 M SR R 5 B2 ME A T SO R AT R
)57 —KREEH 2 . TEM RIS, AR /N TR
PR LR TR T HRE 15, ZE RV ) 5%
L Ak, DATT 2RI 55 8 A 00 G R AR RO, 4R
7, AR AR A SOk B A T SR AR AR, R

P 109 5 I O A R B, B 20 LA A SRR E
W R R BN, A ST R, B INVRIAR
SARL(74 pm) 1) 45 SR AR R I 2 R THRORORIAE (613
pm), {H R 55 IR R EA, f5 35 2 T o R R 2R
RS (90%, 1.132 g/em’) ¥R FHIH (70%, 1.074
g/em®)P, Lim MR b5 R R B, SE80 5 01K
FifE PET(3000~5000 pm) -5 i 33 1) SR 4 L 451 (82.1%)
WL T4/ IVREAZ PET(200~400 pum) BYZREE HA1(9.7% ) .
(] B, AR A ST G e 0 A, 0 5 A D AR S LR
SIEA P, WFSE R, SRR A TR 1 BT A L
MR AR S R AL RS 3G K34 hm . 91 4n, Parrella
GEETL IR, PET 5 3 B 1 55 T B i SR AR 1A LE 5
AR R TP, H OB R AR K, SRR TTRE
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R 575 Sudusinghe S8R SEER R B, PE 5 EIE
B SR AR A RO Bt 55 72 5f 18] 5 2538 K (A 0.19 pm® 3%
2 0.42 pm?), AR TR -t A7 R 48 T+ (A 0.66
mm/s & 1.23 mm/s) .
42 GEFE4HHM
421 EREHFZE

B RN E R O R R E S AT I
EYIHE . ANFEEEREALF T A 2 EPS
Sy UM 11 25 S B e E S R i A ELVE
A WFFE K IR, B A B AR 2 s I, T e
1] Y S TR R s A, T Lt R 5 LR e Y TR 3R
SRR, TG R 1A 12.2 mmy/s; T 27 WeRk 3 L A i
BRI 3, SR Y A A5 it WL i, 58 A JEL A0
K, T I 5 A2 AR B - . B AR, TR R A
0.1 mm/s™, RIS, DLgshA il s oA 1R 3 ) Ak i 20
B DA AR A A7 A, 0] 38 i ) B 0 254 e A5 A AR A
AR, B ERERENCE . PRE, (55 1 d, &
A B AT FE SO LR AR TR B R S SR AR, T T A
SRR M % 1 B, PUsTUIRe 1ok, RGeS
TR AR, LT R S5 5 PR 3 I ) S o SR 4
TRIETF 40%~60%"" . 5341, #EE 32 (A0SO T i 5
S5 R B2 3l 5 ISRt S T B g, S SRR 4 fil
P, RAERCRBHE LT LI EHIS . Su Y
WF5E 2R BH, JCHEE A A 5 /N ke ] o8 2 S 1l
SRL T, B BRI 22 2 AR, 1A # T 2 AE
SEG IR W R R A T TR . Ak, RIRl 3 EPS
(4 73 10 e 25 5 0 3, IXCF 25 S LB R ) S T R A
T1o BN, FEAHF RS FR40E R, Bhekie @ 1) EPS = &
b 2 T A, o i EPS HAG T KA RS A
B PSS R R M, B R RO B I A O R, T K
R ) S T SR AR AR, T (2 e EL TR
422 H%¥E

BEIS A Wy i 0 RO R AR TR AT A
BN, BRI, AR ] R TR R K
PRI TR R, FEA R O RIR T, KRB h
WA s, S RO R AERCR B E R T
JITIE B %) 5 A A 2 3 B A I 4 10%~15%, M T Jin
PRI ELTRR R, 4R AR e K AR 2 A B e ] ET
423 HRKHE

BERMAFE A KB B E T EPS /K- 1
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BECER M, B2 ACTE Sh L%, EPS 77 i 223 hn
I T A WA B (DY, AR, 2R R
(H. akashiwo) ] EPS j= g 5 PE kL 1) R AR R
FEIR BRSO I Z BAAAE 0 EAHSC . BEE H. akashiwo
FAE K, EPS 43 b s 34 0, A 800 oF T e 40 i S5 08
RHOR SR AR, TSR 1 R TR
4.3 KINBEUL S
431 #HE

R P gk A A UK (] 7 LA FH 0 R e SR A ik
o TERIK Y, B £ B vk B AR GO R S ek
T Y XU H JR R, i L HE e VR FH 3, DA T 41 i) it
LA B SR . A BGRKIRG X5, #hesF
W Ty, B0 B 03 0l 23 TR AR AU 2, ek 55 R
HEFR, DT 58 ) 4R UKL 51 77, £ 1 S5 o SR A B4,
SR, AR BEE— 2 Th B, R R o R
T FEL R B0, A 0L R 2 e B R 4, O[] 7 e v
HeFR e 22 Ik o BUR, kL A7 7R Y A Ae 7 5
M1 7, (B IR L SRR ZE R AL, By TE7K 3 13k
B P, A RBORERCE TR, Ak, FhAE T
TH 2 5 AR A ) B i At R TRD R 4R R AR i R
Li SP3BT A= P i A A 3, AR
FEAR A W BV Z AR, DT 55 5 0 A i b
MR, DD TR S e SR A 1 R A
432 BE

Y B 2 B ok R A s B K AR FE EE S EPS
STIAEFRALEI S e O R R R R E ST, '
SE, MR T 2 1 UKL %) A B 12 8l 5 K (AR B RE,
AT PN B A 5 98 4 B 22 ] ) R A 2%, 2 T
SRR Al YR IS B L T AT R AR
JE, Y6555 JURE ] PR R AR B g, it — 20 4 i SR A AR 1T
BCSAERKET, IeAh, AR RR S HAE R A K
S EPS 43ilh o W5 RW, FE— @ JE N, IR 5k
AW iR M EPS A ih i S 1E AR G, a3 R S
IR FESY, Chen SEPYRGME SR UE— 20 0E S0, B 25
FAT T ORI AR Y 0 T AR, AR
HEINER T AORL AR AR B, DT L POK R R 2

R JZ VTR
433 KEhHhEH

KB SRR IR - IR AR AR i R Y 5
SEAMARINER o i B K s D i E EER BUE A, N

www.kjdb.org

R E A5 2 3P B R, 7 7=
DY U1 T S A B SRR B R 5 B
i A0 OO LIS 3 00 SR e LA X
T i S 0 AT T R 6K EPS ROBERIERY
SRSLBE ML, (G 5) I OBk T, M TR
Y BRI | LIV B0 B PRI T3 VLT
P (5 S ) 3 0 2 B S P S, OO
/I VORI, IR R S K, 1155 S
ORI AT RCR AR, WA G 0 H
e CHEBL 3 T ) 5 95 3 B e SR ) S0
B, 55TV T M B AR L | 24 B 7,
UK 35,1 mms; (7B SR PEER A, B
SRS, SLUTHEBER AN 8.9 mm/s™0, %45
W, L RS T ORC R, (L B
B o 3 5, T MR TR A B AL

5 ZRERE

ARG T RS B R T R A
D7 W RALE] . S RE | SRS R B B ) (R
R AWM RIE S BSHAL A W8 IRIL T X R
ERIRGERY | AR PR A F A E AR . BF5E 3R I, 1k
SRR ) 5 T R AE 2 L | b 5 A= L P
[F19K Bl 19 52 225t 1, AL R AT 1l 3 s T i et
PIMRAF IS . BRACE T S R854 T A, 128 7 35 i HL A 7K
AEBRGETES . W FEZ OB RR M BRI
FOKAEE R F LR IR o R O S &
B R, ABATS T I 3 229k K, AR5 il 76 LR Jr i
NG

1) B AR ShriEfl . S RTRE SR 2406
T FE s A AR 2R, M DL 5E 4 B R AR K AR rp
2R YL ILAE | AR 55 2 KoK B 1 228 I SE R
Yo AT R H T H AR 2 10 B A S s WL 0]
B, I HEsh MROULERAF 2] 22 AT B B 55 7 vk B b ofe
b, LIXsi N [RIBFIE 45 R nT ot

2) REENHIZ RERA RN BTk 31k
e 2 EmAE 1R G G 3R 5 AR DTmk i B =
AT ARNES B E PR A TR (40 AFM,
g AR) S £ KRB e B8 (4n ek i 9 XDLVO
BT 3T 8 Ty 24 0), N7 4 i 31 R 4 1A K

99


http://www.kjdb.org

FHE SR 2026,44(15)

WFsE

-, RGeE R AR PR S F T B S AL RO AR
%ﬂ&o

%% 3Lk (References)

[1] Uzun P, Farazande S, Guven B. Mathematical modeling of
microplastic abundance, distribution, and transport in water
environments: A review[J]. Chemosphere, 2022, 288: 132517.

[2] Liu J F, Zheng L. Microplastic migration and transformation
pathways and exposure health risks[J]. Environmental Pollu-
tion, 2025, 368: 125700.

[3] Liang W Q, Zhou Y Y, Wei S Y, et al. Exploring the relation
between aggregation and adsorption of microplastics in
aquatic environment containing metal cations[J]. Journal of
Environmental Chemical Engineering, 2023, 11(6): 111562.

[4] E0K, 230, £, 55 KRS PRI RAE . BR
HoR K Br#xR R I]. BHE 24, 2024, 42(11): 6-17.

[5] ZRUL, BKEE, i, 55, 20244F R TS Sy B ol ol e
[7]. B 5402, 2025, 43(6): 21-28.

[6] T, TRIF, BTG, 55, K AR AEZS RS h IR X T e i A
25 9 J AN WF O E (D). AR S A 4, 2023, 18(1):
217-231.

[7] Demir—Yilmaz I, Yakovenko N, Roux C, et al. The role of
microplastics in microalgae cells aggregation: A study at the
molecular scale using atomic force microscopy[J]. Science of
the Total Environment, 2022, 832: 155036.

[8] Wang J Y, Zhang T R, Li Y Z, et al. Microplastics and micro-
bial interactions in marine environments: A critical review on
biogeochemical cycling and ecological impacts[J]. Marine
Pollution Bulletin, 2026, 222: 118891.

[9] Jiang Y, Niu S P, Wu J. The role of algae in regulating the
fate of microplastics: A review for processes, mechanisms,
and influencing factors[J]. Science of the Total Environment,
2024, 949: 175227.

[10] Lim Y K, Lee C H, Lee K W, et al. Impact of Heterosigma
akashiwo on the environmental behavior of microplastics:
Aggregation, sinking, and resuspension dynamics[J]. Jour-
nal of Hazardous Materials, 2025, 487: 137242.

[11] Sudusinghe K D, Lim Y K, Lee C H, et al. Microplastic
aggregation and sinking regulated by harmful Alga chat-
tonella marina: Implications for vertical transport and resus-
pension[J]. Environmental Pollution, 2025, 384: 126987.

[12] Maréek Chorvatova A, Uherek M, Mateasik A, et al. Sens-
ing the interaction of living organisms with microplastics by
microscopy methods[C]//Proceedings of Nanoscale Imaging,
Sensing, and Actuation for Biomedical Applications XX.
Bellingham: SPIE, 2023: 15.

[13] Cunha C, Faria M, Nogueira N, et al. Marine vs freshwater
microalgae exopolymers as biosolutions to microplastics
pollution[J]. Environmental Pollution, 2019, 249: 372—380.

100

[14] Li Y, Wang X J, Fu W Y, et al. Interactions between
nano/micro plastics and suspended sediment in water: Impli-
cations on aggregation and settling[J]. Water Research,
2019, 161: 486—495.

[15] Wang C, Zhang Y R, Wang C H, et al. Enhancing aggrega-
tion of microalgae on polystyrene microplastics by high
light: Processes, drivers, and environmental risk assess-
ment[J]. Journal of Hazardous Materials, 2024, 476: 135062.

[16] MBA, FMVEEAE, FIIEE, 45, BREEIR BE UK SRR Hi 2
Tl 4 B A9 B PR AL VL[] BR BT RL o o A, 2023, 43(10):
362-370.

[17] Hoshihara A Y, Fujiki T, Ikuta T, et al. Three—dimensional
micro—mapping of microorganisms in the plastisphere using
laser scanning confocal fluorescence microscopy[J]. Harm-
ful Algae, 2025, 148: 102914.

[18] Di Pippo F, Crognale S, Levantesi C, et al. Plastisphere in
lake waters: Microbial diversity, biofilm structure, and
potential implications for freshwater ecosystems[J]. Environ-
mental Pollution, 2022, 310: 119876.

[19] Chen F Y, Chen Y G, Pan K, et al. Species—specific defor-
mation of microalgae in the presence of microplastics[J].
Environmental Chemistry Letters, 2024, 22(3): 953—-959.

[20] Zhang J F, Zhang Q H, Maa J P Y, et al. Effects of organic
matter on interaction forces between polystyrene microplas-
tics: An experimental study[J]. Science of the Total Environ-
ment, 2022, 844: 157186.

[21] Jiang W, Yan X T, Lv Y. A critical review on the migration,
transformation, sampling, analysis and environmental effects
of microplastics in the environment[J]. Journal of Environ-
mental Sciences, 2025, 154: 645—664.

[22] Yang X H, An C J, Feng Q, et al. Aggregation of microplas-
tics and clay particles in the nearshore environment: Charac-
teristics, influencing factors, and implications[J]. Water
Research, 2022, 224: 119077.

[23] Sharma B, Mangla S, Aery S, et al. Advanced tools and
methodologies for identification, characterization, and quan-
tification of micro/nano plastics in environmental
matrices[J]. Advances in Colloid and Interface Science,
2026, 347: 103716.

[24] Ribeiro—Claro P, Nolasco M M, Araujo C. Characterization
of microplastics by Raman spectroscopy[M]//Characteriza-
tion and Analysis of Microplastics. Amsterdam: Elsevier,
2017: 119-151.

[25] Mao Y F, HuZ Y, Li H, et al. Recent advances in microplas-
tic removal from drinking water by coagulation: Removal
mechanisms and influencing factors[J]. Environmental
Pollution, 2024, 349: 123863.

[26] Sunil M, Mithun N, Charles M, et al. Visualization and char-
acterisation of microplastics in aquatic environment using a
home—built micro—Raman spectroscopic set up[J]. Journal of
Environmental Management, 2024, 354: 120351.

www.kjdb.org


https://doi.org/10.1016/j.chemosphere.2021.132517
https://doi.org/10.1016/j.envpol.2025.125700
https://doi.org/10.1016/j.envpol.2025.125700
https://doi.org/10.1016/j.envpol.2025.125700
https://doi.org/10.1016/j.jece.2023.111562
https://doi.org/10.1016/j.jece.2023.111562
https://doi.org/10.3981/j.issn.1000-7857.2024.01.00019
https://doi.org/10.3981/j.issn.1000-7857.2024.12.01868
https://doi.org/10.7524/AJE.1673-5897.20220215001
https://doi.org/10.1016/j.scitotenv.2022.155036
https://doi.org/10.1016/j.scitotenv.2022.155036
https://doi.org/10.1016/j.marpolbul.2025.118891
https://doi.org/10.1016/j.marpolbul.2025.118891
https://doi.org/10.1016/j.scitotenv.2024.175227
https://doi.org/10.1016/j.jhazmat.2025.137242
https://doi.org/10.1016/j.jhazmat.2025.137242
https://doi.org/10.1016/j.envpol.2025.126987
https://doi.org/10.1016/j.envpol.2019.03.046
https://doi.org/10.1016/j.watres.2019.06.018
https://doi.org/10.1016/j.jhazmat.2024.135062
https://doi.org/10.13671/j.hjkxxb.2023.0150
https://doi.org/10.1016/j.hal.2025.102914
https://doi.org/10.1016/j.hal.2025.102914
https://doi.org/10.1016/j.envpol.2022.119876
https://doi.org/10.1016/j.envpol.2022.119876
https://doi.org/10.1007/s10311-024-01699-2
https://doi.org/10.1016/j.scitotenv.2022.157186
https://doi.org/10.1016/j.scitotenv.2022.157186
https://doi.org/10.1016/j.scitotenv.2022.157186
https://doi.org/10.1016/j.jes.2024.05.018
https://doi.org/10.1016/j.jes.2024.05.018
https://doi.org/10.1016/j.jes.2024.05.018
https://doi.org/10.1016/j.watres.2022.119077
https://doi.org/10.1016/j.watres.2022.119077
https://doi.org/10.1016/j.cis.2025.103716
https://doi.org/10.1016/j.envpol.2024.123863
https://doi.org/10.1016/j.envpol.2024.123863
https://doi.org/10.1016/j.jenvman.2024.120351
https://doi.org/10.1016/j.jenvman.2024.120351
http://www.kjdb.org

W5

R SR 2026,44(15)

[27] Du C H, Sang W L, Abbas M, et al. The interaction mecha-
nisms of algal organic matter (AOM) and various types and
aging degrees of microplastics[J]. Journal of Hazardous
Materials, 2024, 477: 135273.

[28] Cheng X X, Sai D S, Lian J C, et al. Hetero—aggregation of
microplastics in algal-rich natural water: Evolution of
foulant characteristics and ultrafiltration membrane fouling
behavior[J]. Chemical Engineering Journal, 2025, 516:
164146.

[29] Silva A B, Bastos A S, Justino C I L, et al. Microplastics in
the environment: Challenges in analytical chemistry: A
review[J]. Analytica Chimica Acta, 2018, 1017: 1-19.

[30] Jian W X, Chen L, Cui Y T, et al. Dynamic transformation
of oxygen—containing functional groups in aged PVC
microplastics: Governing composite pollutant formation and
environmental remediation[J]. Journal of Water Process
Engineering, 2025, 77: 108517.

[31] Shams M, Alam I, Chowdhury I. Aggregation and stability
of nanoscale plastics in aquatic environment[J]. Water
Research, 2020, 171: 115401.

[32] Li Y, Zheng X Y, Zhao Z L, et al. Perfluorobutanoic acid
weakens the heterogeneous aggregation of microplastics and
microalgae: Perspective from physicochemical properties,
extracellular polymeric substances secretion and DLVO
theory[J]. Science of the Total Environment, 2024, 955:
177127.

[33] Zhu R, Tan X, Ali I, et al. Eco—Corona formation on
aminated nanoplastics interacted with extracellular poly-
meric substances from bloom—forming cyanobacteria:
Insightful mechanisms with DFT study[J]. Water Research,
2025, 278: 123394.

[34] Prata J C, da Costa J P, Lopes 1, et al. Effects of microplas-
tics on microalgae populations: A critical review[J]. Science
of the Total Environment, 2019, 665: 400—405.

[35] Podbielska M, Szpyrka E. Microplastics—An emerging
contaminants for algae. Critical review and perspectives[J].
Science of the Total Environment, 2023, 885: 163842.

[36] Su Y Y, Gao L, Xu E G, et al. When microplastics meet
microalgae: Unveiling the dynamic formation of aggregates
and their impact on toxicity and environmental health[J].
Water Research, 2025, 273: 123008.

[37] SuY Y, Gao L, Peng L C, et al. Heterogeneous aggregation
between microplastics and microalgae: May provide new
insights for microplastics removal[J]. Aquatic Toxicology,
2023,261: 106638.

[38] Sun H Y, Jiao R Y, Wang D S. The difference of aggrega-

tion mechanism between microplastics and nanoplastics:

Role of Brownian motion and structural layer force[J]. Envi-

ronmental Pollution, 2021, 268: 115942.

Senousy H H, Khairy H M, El-Sayed H S, et al. Interactive

adverse effects of low—density polyethylene microplastics on

[39

—

www.kjdb.org

[40]

[41]

[42]

[43]

(44]

[43]

[46]

[47]

[48]

[49]

[50]

marine microalga Chaetoceros calcitrans[J]. Chemosphere,
2023,311: 137182.

Lim Y K, Lee K W, Hong S H, et al. Differential impact of
planktonic and periphytic diatoms on aggregation and sink-
ing of microplastics in a simulated marine environment[J].
Marine Pollution Bulletin, 2024, 199: 115961.

Yang X H, Huang G H, Chen Z K, et al. Spotlight on the
vertical migration of aged microplastics in coastal waters[J].
Journal of Hazardous Materials, 2024, 469: 134040.

Lagarde F, Olivier O, Zanella M, et al. Microplastic interac-
tions with freshwater microalgae: Hetero—aggregation and
changes in plastic density appear strongly dependent on
polymer type[J]. Environmental Pollution, 2016, 215:
331-339.

Halsband C. Effects of biofouling on the sinking behavior of
microplastics in aquatic environments|M]//Handbook of
Microplastics in the Environment. Cham: Springer Interna-
tional Publishing, 2021: 1-13.

Wang T, Zhao S Y, Zhu L X, et al. Accumulation, transfor-
mation and transport of microplastics in estuarine fronts[J].
Nature Reviews Earth & Environment, 2022, 3(11):
795-805.

Sharma S, Chatterjee S. Microplastic pollution, a threat to
marine ecosystem and human health: A short review[J].
Environmental Science and Pollution Research, 2017,
24(27): 21530-21547.

Li L H, Luo D, Luo S J, et al. Heteroaggregation, disaggre-
gation, and migration of nanoplastics with nanosized acti-
vated carbon in aquatic environments: Effects of particle
property, water chemistry, and hydrodynamic condition[J].
Water Research, 2024, 266: 122399.

Simantiris N, Avlonitis M, Theocharis A. Simulation of the
transport of marine microplastic particles in the lonian
Archipelago (NE Ionian Sea) using a Lagrangian model and
the control mechanisms affecting their transport[J]. Journal
of Hazardous Materials, 2022, 437: 129349.

Liu R Z, Wang T, Li J D, et al. Simulation of seasonal trans-
port of microplastics and influencing factors in the China
Seas based on the ROMS model[J]. Water Research, 2023,
244:120493.

Fu D D, Zhang Q J, Fan Z Q, et al. Aged microplastics
polyvinyl chloride interact with copper and cause oxidative
stress towards microalgae Chlorella vulgaris[J]. Aquatic
Toxicology, 2019, 216: 105319.

Parrella F, Brizzolara S, Holzner M, et al. Impact of
heteroaggregation between microplastics and algae on parti-
cle vertical transport[J]. Nature Water, 2024, 2(6): 541-552.
Laurenceau—Cornec E C, Trull T W, Davies D M, et al.
Phytoplankton morphology controls on marine snow sink-
ing velocity[J]. Marine Ecology Progress Series, 2015, 520:
35-56.

101


https://doi.org/10.1016/j.jhazmat.2024.135273
https://doi.org/10.1016/j.jhazmat.2024.135273
https://doi.org/10.1016/j.cej.2025.164146
https://doi.org/10.1016/j.jwpe.2025.108517
https://doi.org/10.1016/j.jwpe.2025.108517
https://doi.org/10.1016/j.watres.2019.115401
https://doi.org/10.1016/j.watres.2019.115401
https://doi.org/10.1016/j.scitotenv.2024.177127
https://doi.org/10.1016/j.watres.2025.123394
https://doi.org/10.1016/j.scitotenv.2019.02.132
https://doi.org/10.1016/j.scitotenv.2019.02.132
https://doi.org/10.1016/j.scitotenv.2023.163842
https://doi.org/10.1016/j.watres.2024.123008
https://doi.org/10.1016/j.aquatox.2023.106638
https://doi.org/10.1016/j.envpol.2020.115942
https://doi.org/10.1016/j.envpol.2020.115942
https://doi.org/10.1016/j.chemosphere.2022.137182
https://doi.org/10.1016/j.marpolbul.2023.115961
https://doi.org/10.1016/j.jhazmat.2024.134040
https://doi.org/10.1016/j.envpol.2016.05.006
https://doi.org/10.1038/s43017-022-00349-x
https://doi.org/10.1007/s11356-017-9910-8
https://doi.org/10.1016/j.watres.2024.122399
https://doi.org/10.1016/j.jhazmat.2022.129349
https://doi.org/10.1016/j.jhazmat.2022.129349
https://doi.org/10.1016/j.watres.2023.120493
https://doi.org/10.1016/j.aquatox.2019.105319
https://doi.org/10.1016/j.aquatox.2019.105319
https://doi.org/10.1038/s44221-024-00248-z
https://doi.org/10.3354/meps11116
http://www.kjdb.org

FHSHR 2026,44(15) .

[52] Bhattacharya P, Lin S J, Turner J P, et al. Physical adsorp- environmental factors and polymer types in the Haihe estu-
tion of charged plastic nanoparticles affects algal photosyn- ary of Bohai bay, China[J]. Environmental Science & Tech-
thesis[J]. The Journal of Physical Chemistry C, 2010, nology, 2019, 53(18): 10763—10773.

114(39): 16556—16561. [57] Lee C H, Fang J K. Effects of temperature and particle

[53] Urbani R, Magaletti E, Sist P, et al. Extracellular carbohy- concentration on aggregation of nanoplastics in freshwater
drates released by the marine diatoms Cylindrotheca and seawater[J]. Science of the Total Environment, 2022,
closterium, Thalassiosira pseudonana and Skeletonema 817: 152562.
costatum: Effect of P—depletion and growth status[J]. [58] Chen X C, Xiong X, Jiang X M, et al. Sinking of floating
Science of the Total Environment, 2005, 353(1/2/3): plastic debris caused by biofilm development in a freshwa-
300-306. ter lake[J]. Chemosphere, 2019, 222: 856—864.

[54] Li S C, Liu H, Gao R, et al. Aggregation kinetics of [59] Li W, Zu B, Hu L T, et al. Migration behaviors of microplas-
microplastics in aquatic environment: Complex roles of elec- tics in sediment—bearing turbulence: Aggregation, settle-
trolytes, pH, and natural organic matter[J]. Environmental ment, and resuspension[J]. Marine Pollution Bulletin, 2022,
Pollution, 2018, 237: 126—132. 180: 113775.

[55] BB E, B0, 2272, . imiiSEh 2 BAE XA [60] Li Y, Hondzo M, Yang J Q. Clay—based HAB mitigation:
K K BEVE B 52 [T P E A B R 22, 2025, 45(4): The role of turbulence in aggregate formation and settling[J].
2098-2111. Environmental Fluid Mechanics, 2025, 25(6): 44.

[56] Li W J, Zhang Y, Wu N, et al. Colonization characteristics [61] BPIE, 5KBE, 22972, . KR i 0 B2 52 R T 53 F
of bacterial communities on plastic debris influenced by JE[T]. B 2A24HR, 2026, 49(2): 1-18.

Research progress on the heteroaggregation of microplastics and algae in
aquatic environments

MAO Yufeng', LI Jia', LI Dan', ZHANG Qin', CHENG De', SHANG Haotian', LI Geng", YANG Shengfa", LI Hong

1. National Engineering Research Center for Inland Waterway Regulation, Chongqing Jiaotong University, Chongqing 400074, China
2. Key Laboratory of Eco—Environment of Three Gorges Region, Ministry of Education, Chongqing University, Chongqing 400044,
China

Abstract Microplastics, as a new pollutant widely present in global aquatic environments, have drawn significant attention for their
potential ecological risks. Simultaneously, algae serve as vital primary producers in aquatic ecosystems and readily undergo
heterogeneous aggregation with microplastics. This interaction alters the environmental behavior of microplastics, ultimately influencing
their ecological effects. This paper provides a systematic review of the research progress on the heteroaggregation between microplastics
and algae, focusing on experimental methods, formation mechanisms, migration behaviors, and key influencing factors. Existing studies
mainly employ microscopic characterization techniques and theoretical modeling to elucidate the structural features and formation
processes of aggregates. The heteroaggregation between microplastics and algae is a dynamic process jointly driven by physical
adsorption, chemical bonding, and biological secretion. The formation of aggregates changes the density, surface properties, and
occurrence state of microplastics, consequently influencing their vertical sedimentation and horizontal transport in water bodies. The
aggregation and migration behaviors of microplastics and algae is primarily influenced by microplastic characteristics, algal properties,
and environmental factors. Future research should strengthen the coupled modeling of biological, physical, and chemical processes and
develop in—situ, multi—scale observation techniques to deepen the understanding of microplastic—algae interaction mechanisms, thereby
providing a scientific basis for risk assessment and ecological management of microplastic pollution in aquatic ecosystems.

Keywords microplastics; algae; heteroaggregation; formation process; migration and transformation
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