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Table S1 Comparison of different physical strategies for micro/nanoplastics (MNPs) removal.

Alkylated nanoscale zero-valent iron growing on

the cellulose nanofibers (ac-nZVI) (This work)

Hydrophobic Fe nanoparticles

Adsorption

Oat protein sponges

Chitin-based sponge (ChCN, ChGO, and
ChGO-CT)

Biochar and modified

biochar

Artificial
Seawater (ASW)

Seawater

Freshwater

DI water

(pH=6~9, 25 °C)
DI water

(pH=6~8, 45 °C)

DI water

(25 °C)

10 um PS, PVC,
PMMA

2 um PS, PVC,
PMMA

100 nm PS
10-20 pm
PE and PS beads
>1 mm MPs (PE, PS,
PU, PET, etc.)
200 pm— 1 mm (PE,
PS, PU, PVC, etc.)

1 um PS

1 um PS
1 pm PS-COOH
1 pm PS-NH,

1 um PS

95.71% (PS)
97.64% (PVC)
94.97% (PMMA)
97.47% (PS)
98.58% (PVC)
95.10% (PMMA)
98.28%

92%

92%

84%

<81.2%

89.6-92.1%
80.4-81.3%
83.2-87.1%

94.81%

98.75%

324.88 mgynes gre! (PS)
278.99 mgyps gee! (PVC)
267.71 mgynps gk (PMMA)

141.50 mgynps gre' (PS) 1 min /
179.01 mgymps gre' (PVC)
167.62 mgyps gre”' (PMMA)
40.96 mgyinpy/gre
Mix for 5
min and
) magnetic 1
recover
for 30
min
5.7mg L 24 h (2]
9.67 mg L' (ChGO)
8.86 mg L1 (ChGO) 48h [3]
12.9 mg L' (ChCN)
100.6 mg g'!
(MBCs) 5h (4]

98.52 mg g’!



(Mg-MBCs)

99.21 mg g’!
99.46% g8
(Zn-MBCs)
Extracts from
Photocatalytic TiO,-based Micromotor toothpaste, washing
DI water 67-711% / 24 h [5]
(Au@mag@TiO,, mag=Ni, Fe) powder, face cleansing
cream, and Baltic Sea
rubbing the surface of
Ppolydopamine (PDA)@Fe;0,4 magnetic a 50 mL plastic
) DI water ] ) / / / [6]
microrobots (MagRobots) centrifuge tube with a
nail file
DI water PLA, PCL,
BIVO4/ FC304
(0.01-0.1 wt % PET, PP 10-70% / / [7]
microrobots
H,0,) (100-200 um)
FeCly PS, PE (<500 um) ~18.0-~62.0%
DI water / ~46 min [8]
Coagulation PAC PS, PE (< 500 pm) 29.7-77.8%
A1C13, A12(504)3, FeCl3, CH;(CH2)3SIC13, and Simulated
] PBMA (200-1500 um) >60% / 24h [9]
CH;(CH,);SiCl; seawater
Distilled water
Filtration Biochar sand filter PS (10 um) >95% / ~4 h [10]

(pH=7.56)




Table S2 Nature of real seawater.

Chemical indicators Bo Hai Yellow Sea East China North

Sea China Sea
pH 7.33 7.88 8.14 8.03
Salinity (g/kg) 27.89 30.46 31.84 33.84
Total organic
carbon (TOC, 2.19 2.04 2.31 2.27
mg/L)
Na* (g/L) 9.80 10.78 11.39 11.96
K* (mg/L) 357.20 352.40 390.60 404.60
Ca’" (mg/L) 389.70 372.30 401.90 417.20
Mg?* (g/L) 1.19 1.34 1.40 1.48
CI- (g/L) 18.21 21.89 23.45 25.14
SO4* (g/L) 1.34 1.27 1.26 1.24

Table S3 Fe concentration in supernatant after ac-nZVI reaction with different

MNPs in ASW.
Fe?*/Fe3* concentration (ppm)
Types of MNPs
100 nm 2 um 10 um
PS 0.49+0.03 0.45£0.02 0.53+0.06
PVC - 0.51+0.05 0.47+0.02
PMMA - 0.71£0.14 0.56+0.01

Table S4 XPS Fe 2p concentration (atomic%) of nZVI and ac-nZVI1.

Materials Fe? Fe?" Fe3*
nZVI 12.65 51.18 36.16
ac-nZVI 36.30 22.49 41.23

Table S5 Calculated collection capability of ac-nZVI for different MNPs in ASW.

Calculated collection capability (103 pcs/gge)

Types of MNPs
100 nm 2 um 10 um
PS 84559.00+6600.33 450.08+6.08 6.46+1.94
PVC - 358.01+18.03 5.30+0.10

PMMA - 335.25+14.96 5.09+0.68




Table S6 The remaining Pb?* concentration in MNPs-Pb(II) solution after reacting
with ac-nZVI at1 h,2 h,6 h and 12 h.

Reaction time 1h 2h 6h 12h
P 2+ :
b** concentration BDL BDL BDL BDL
(ppb)

BDL means below detection limit.



Fig. S1 100 nm PVC MNPs and 100 nm PMMA MNPs dispersed in ASW.
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Fig. S2 Calibration curve of absorbance for 100 nm PS MNPs.
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Fig. S3 Calibration curve of absorbance for 2 pm PS MNPs.
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Fig. S4 Calibration curve of absorbance for 10 pm PS MNPs.
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Fig. S5 Calibration curve of absorbance for 2 pm PVC MNPs.
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Fig. S6 Calibration curve of absorbance for 10 pm PVC MNPs.
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Fig. S7 Calibration curve of absorbance for 2 pm PMMA MNPs.
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Fig. S8 Calibration curve of absorbance for 10 pm PMMA MNPs.
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Fig. S9 Images of magnetic separation of ac-nZVI from ASW. After magnetic
recovery, the absorbance of the supernatant was clear and close to that of ASW, that
was, the change in absorbance mainly originated from the variations of MNPs

concentration.
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Fig. S10 (a)-(c) SEM images and (d)-(e) TEM images of ac-nZVI.
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Fig. S11 XPS survey of ac-nZVI.
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Fig. S12 XPS Fe 2p fine spectrum of nZVI.
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Fig. S13 XRD patterns of nZVI and ac-nZVI.
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Fig. S14 (a) SEM image; (b)-(d) EDS mapping of 10 pm PS MNPs removed by ac-
nZVI. Conditions: MNPs concentration = 100 mg/L. (ASW, initial pH = 8), ac-

nZVI dosage =1 g/L, reaction time = 1 min, T = 25°C.
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Fig. S15 (a)-(c) SEM images of 10 pm PVC MNPs removed by ac-nZVI.
Conditions: MNPs concentration = 100 mg/L. (ASW, initial pH = 8), ac-nZVI

dosage =1 g/L, reaction time = 1 min, T = 25°C.
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Fig. S16 (a)-(¢) SEM images of 10 pm PMMA MNPs removed by ac-nZVI.
Conditions: MNPs concentration = 100 mg/L (ASW, initial pH = 8), ac-nZVI

dosage =1 g/L, reaction time = 1 min, T = 25°C.
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Fig. S17 (a) and (e) SEM images; (b)-(d) and (f)-(h) EDS mapping of 2 pm PS

MNPs removed by ac-nZVI. Conditions: MNPs concentration = 100 mg/L (ASW,

initial pH = 8), ac-nZVI dosage = 1 g/L, reaction time = 1 min, T = 25°C.
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Fig. S18 (a)-(d) SEM images of 2 pm PVC MNPs removed by ac-nZVI. Conditions:

MNPs concentration = 100 mg/L (ASW, initial pH = 8), ac-nZVI dosage = 1 g/L,

reaction time = 1 min, T = 25°C.

22



Fig. S19 (a)-(d) SEM images of 2 pnm PMMA MNPs removed by ac-nZVI.
Conditions: MNPs concentration = 100 mg/L. (ASW, initial pH = 8), ac-nZVI

dosage =1 g/L, reaction time = 1 min, T = 25°C.
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Fig. S20 (a) SEM image; (b) and (¢) EDS mapping of 100 nm PS MNPs removed
by ac-nZVI. Conditions: MNPs concentration = 100 mg/L (ASW, initial pH = §8),

ac-nZVI dosage =1 g/L, reaction time = 1 min, T = 25°C.
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Fig. S21 (a) and (f) SEM images; (b)-(e) and (g)-(j) EDS mapping of 2 pm MNPs

removed by nZVI. Conditions: MNPs concentration = 100 mg/L (ASW, initial pH

=8), nZVI dosage = 1 g/L, reaction time = 1 min, T = 25°C.
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Fig. S22 (a) and (b) SEM images of 2 pm MNPs-Pb(II) reacting with ac-nZVI.

Conditions: MNPs initial concentration = 10 mg/L (ASW, initial pH = 8), ac-nZVI
dosage = 0.5 g/L, T = 25°C.
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Fig. S23 (a)-(c) SEM images of 100 nm MNPs-Pb(Il) reacting with ac-nZVI.

Conditions: MNPs initial concentration = 10 mg/L (ASW, initial pH = 8), ac-nZVI
dosage = 0.5 g/L, T = 25°C. Similar polygon flakes are formed on the netting wires of
ac-nZVI. 100 nm MNPs participate in the formation of lead products, breaking and

embedding into the nanoplate structure.

Video S1-S3 The procedure of 10 pm, 2 pm, 100 nm PS MNPs removal with ac-

nZVI, respectively.
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