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Figure S1. Effects of surface coatings on the toxicity of sunscreen-derived particles. (a): Inhibition of photocatalytic activity
of particles. (b): Reduction of metal ion release from particles.
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Figure S2. Transformation of sunscreen-derived particle with surface coating. (a): Dissolution of metallic nanoparticles.
(b): Loss of surface coatings from metallic nanoparticle. (c): MNP photo-aging under coexist with metallic nanoparticles.



Table S1. The type and function of particles in sunscreens.

Sun protection

Particle

Particle

Particle Size

ID Factor Type Content (nm) Particle Shape Particle Function Ref.
Length: 128 + 51, )
0,
1 50 nZnO 14.5% Width: 51 + 20 Rod UV filter agent »
2 20 nZn0O 5% 136 + 66 Amorphous UV filter agent
3 50 nTiOz 2.4% 40+ 25 Irregular, spherical UV filter agent
. Length: 25.3 + 8.8, )
0,
A 10 nTiO2 2.4% Width: 51 + 20 Needle UV filter agent
- Alz03 - - - Coating
SiO2 - - - Coating
. Length: 24.6 £ 9.9, )
0,
5 30 nTiO2 9.1% Width: 7.3 + 1.8 Needle UV filter agent
Alz03 - - Coating
. Length: 24.9 + 11.0, )
0,
] =0 nTiO2 1.2% Width: 10.2 + 3.9 Needle UV filter agent
- Alz03 - - - Coating 2]
SiO2 - - - Coating
Length: 78.5 £ 50.7, .
0,
7 =30 nZnO 6.86% Width: 40.04 + 29.7 Rod UV filter agent
Length: 79.9 £ 51.6, .
0,
8 230 nZnO 6.86% Width: 33.4 + 203 Rod UV filter agent
Length: 81.3 £ 57.2, .
0,
9 30 nZnO 6.0% Width: 38.2 + 28.7 Rod UV filter agent
SiO2 - - - Coating
10 530 nTiO2 5.0% Length: 67.0 + 50.5, Needle
B nZnO 10.0% Width: 27.0 + 24.1 Rod UV filter agent
. Length: 19.9 £ 6.7, C s )
0,
11 30 nTiO2 4.1% Width: 14.2 + 5.0 Spherical, irregular UV filter agent
. Length: 23.4 + 7.2, . .
0,
12 50 nTiO2 6.1% Width: 15.0 + 4.8 Spherical, angular UV filter agent
. Length: 35.5 £ 12.0, o .
0,
13 30 nTiO2 5.5% Width: 15.9 + 3.9 Ellipsoidal, angular UV filter agent
SiO2 - - - -
. Length: 13.4 + 3.1, . )
0,
14 30 nTiO2 4.0% Width: 7.5 + 1.7 Spherical UV filter agent
. Length: 36.6 + 11.6, .
0,
15 50 nTiO2 4.1% Width: 7.3 + 2.5 Elongated UV filter agent
. Length: 24.2 + 6.6, . '
0,
16 50 nTiO2 5.2% Width: 15.0 + 4.3 Spherical UV filter agent
. Length: 32.5 £12.1, o .
0,
17 50 nTiO2 6.0% Width: 13.9 + 3.7 Ellipsoidal UV filter agent [3]
SiO2 - - - -
Elongated
. Length: 29.3 £ 10.0, L .
0,
18 50 nTiO2 5.5% Width: 9.3 + 3.7 splherl_cal, UV filter agent
ellipsoidal
SiO2 - - - -
. Length: 42.0 £ 12.5, Spherical, angular, .
0,
19 30 nTi0; 131%  Wwidth: 22.7 + 7.5 elongated UV filter agent
Alz03 - - - Coating
. Length: 48.8 £ 16.6, . )
0,
20 50 nTiO2 5.9% Width: 31.5 + 12.6 Spherical UV filter agent
nZnO - - - UV filter agent
. Length: 27.0 £ 11.4, Ellipsoidal, .
0,
21 50 nTio: 64%  width: 124+ 3.9 spherical UV filter agent
SiO2 - - - Coating
nTiO: 3.1% Spherical )
22 1700 4.0% 20-165 Rod, varied UV filter agent
nTiO; 17.3% Spherical )
23 700 20.0% 40-240 Varied UV filter agent
nTiO2 8.0% Rod )
24 1700 3.8% 15-115 Spherical UV filter agent [4]
nTiO2 6.4% Rod .
25 1700 6.0% 18-115 Spherical UV filter agent
nTiO2 9.0% Rod .
26 1700 3.5% 11-110 Varied UV filter agent




nTiO2 9.0% Rod .
27 0700 3.0% 22-123 Spherical UV filter agent
nTiO: 6.0% Spherical )
28 1700 6.0% 15-250 Varied UV filter agent
nTiO; 8.0% Spherical )
29 1700 2.5% 18-350 Varied UV filter agent
nTiO; 0.67% Rod )
30 1700 11.6% 14-145 Spherical UV filter agent
nTiO; 7.5% Rod .
31 1700 5.0% 20-170 Varied UV filter agent
. Length: 46.5-93.6, Spherical, rod, .
0,
32 30 nTi0z 1.9% Width: 13.5-25.9 irregular UV filter agent
Alz03 - - - Coating
SiO2 - - - Coating
nTiOs 0.6% Length: 48.5-81.7, Spherlcal, rod, UV filter agent
33 40 Width: 9.8-16.9 irregular [5]
Alz03 - - - Coating
Si02 - - - Coating
) Length: 44.4-69.2, . )
0,
9 i, nTiO2 0.5% Width: 10.6-14 4 Spherical, rod UV filter agent
Al203 - - - Coating
Si02 - - - Coating
23.57 £5.52 Spherical
Length: 50.97 .
0,
nZn0O 2.99% 15 48 Width: 16.73 + Rod UV filter agent
35 50+ 3.70 [6]
Acrylate copolymer, . e
silicone-based cross- ~5.2% 5540 Spherical Eml.llSIOI’.l facilitation,
viscosity control
polymer
nTiO2 - 279+7.0 Needle .
36 nZn0 2.25% 27.9:88 Roundish UVfilter agent -
37 nTiO2 - 249+9.1 Roundish UV filter agent
38 nTiO2 - 23.9+6.3 Roundish UV filter agent
39 nTiO: 15.35% 45.7+14.0 Needle UV filter agent
nTiO2 13.84% 33.7+11.4 Round .
10 nZn0 4.43% >100 Varied UV filter agent
nTiO2 - 39.5+£14.0 Needle .
H nZn0 3.35% 33.5 £20.7 Varied UV filter agent
nTiO; 13.52% 49.6+17.0 Needle )
42 nZn0 5% 86.9 £ 32.1 Roundish UVfilteragent o
43 nTiOz 13.99% 351+10.7 Roundish UV filter agent
nTiO; - 42.5+12.6 Needle )
4 nZnO 4% 114 +5.5 Roundish UV filter agent
nTiO; 13.01% 30.9+10.6 Varied .
s nZn0 4.99% >100 Varied UV filter agent
46 nTiO2 12.47% >100 Varied UV filter agent
47 nTiO2 9.5% 245+8.1 Roundish UV filter agent
48 50+ EIV.[./.%-MMA, hybrid ) 6870 Spherical Improve te)fture and
silicone powder water resistance
49 50+ PMMA, LMA-GDMA - 6150 Spherical ~ [MProvetextureand -,
water resistance
50 50+ LMA-based polymer - 2780 Spherical Improve texture and

water resistance

Abbreviations of polymers: EMA-MMA: Ethylene glycol dimethacrylate-methyl methacrylate copolymer; PMMA: Poly(methyl
methacrylate); LMA-GDMA: Lauryl methacrylate/glycol dimethacrylate crosspolymer; LMA: Lauryl methacrylate.



Table S2. Advantages and disadvantages of extraction approaches for metallic nanoparticles and MNPs from sunscreens,

seawater and sediments.

Particles Extraction Recovery Advantages Disadvantages Applicable Ref.
Approaches Rate Samples
Organic solvent - Less sample loss - Poor reproducibility
combined with 78.0-98.0% - Applicable to large-limited by organic Sunscreens [1,3]
centrifugation batch samples components
Organic solvent - Collection of - Not applicable to
combined with 52.0-96.0% particles in specific large-batch samples Sunscreens [1,3]
ultrafiltration size - Cause sample loss
. Cloud point extraction 88.1 + 9.6% efficiency for trace- . Seawater [10]
nanoparticles . - Not applicable to
level particles
large-batch samples
. - Operational - Low recovery
DI. Water.combm.ed 66.3 + 2.0% procedures are - Time-consuming Sediments  [11,12]
with sedimentation : .
simple extraction
. . . - Low recovery for small
DI water combined ¢ 5, 4 30, - Time-saving particle size (e.g, 30  Sediments [12,13]
with centrifugation extraction nm)
Organic solvent - Operational .
combined with - procedures are Morphologlcal damage Sunscreens [6,9]
. . . of particles
centrifugation simple
- Operational
MPs (1 um): procedures are - Low efficiency limited
. ) . 80.2-102.0%; simple by NOM
Gradient filtration NPs: (50 nm) - Collection of - Time-consuming Seawater [14-16]
~93.0% particles in specific extraction
size
. - NaCl is not applicable
MNPs NaCl: 68.0 + M}ll;fh recovery for ;' high-density MPs
3.0%; . . (e.g., PET, PVC)
- NaCl is non-toxic .
. . ZnClz: 85.0 £ : . - ZnClz is harmful and .
Density separation and inexpensive . Sediments [17-19]
2.0%; corrosive
- ZnClz and CaClz are .. .
CaCl2: 90.0 = : . - Time-consuming
applicable to high- .
1.0% density MPs extraction
Y - Not applicable to NPs
Dichloromethane . :
combined with NPs: 75.0- - High recovery for - Morphologlcal damage Sediments  [20,21]
: : 93.0% NPs of particles
centrifugation




Table S3. Advantages and disadvantages of detection techniques for sunscreen-derived metallic nanoparticles and MNPs.

Qualitative Quantitative Detection

Techniques Analysis  Analysis Morphology Limits

Advantages Disadvantages Applicable Particles Ref.

- No elemental composition information
SEM No Yes Yes 50 nm - Analysis of surface morphology without EDS MNPs [22]
- Complex sample preparation
- No elemental composition information

- High resolution NPs and metallic

TEM No Yes Yes 20 nm . without EDS . [23]
- Analysis of morphology . nanoparticles
- Complex sample preparation
- Ultra-high resolution . NPs and metallic
HRTEM Yes Yes Yes 1nm - Analysis of crystal structure - Complex sample preparation nanoparticles [24]
XPS Yes No No ) - Dete_rmmatlon of elemental composition and- Only analysis of the sample surface =~ MNPs anq metallic [25]
chemical state layer nanoparticles
XRD Yes No No ) - Deterrpl_natlon of crystal phase and - Not applicable to amorphous MNPs anq metallic [8]
crystallinity substance nanoparticles
s e . - Not applicable to metallic
ATR-FTIR Yes No No 20 um Rapid identification of MP chemical nanoparticles MPs [26,27]
composition . .
- Susceptible to water interference
- High resolution - Not applicable to NPs
y-Raman Yes Yes No 1um - Identlf_lc_atlon of individual MP chemical -No mass concentration information MPs 28]
composition - Susceptible to fluorescence
- Quantification of particle concentration interference
;(I)crinen(t)lsfilfiit;on of individual MP chemical - Not applicable to NPs
u-FTIR Yes Yes No 10 um posttion . . - No mass concentration information =~ MPs [29]
- Quantification of particle concentration . .
. . - Susceptible to water interference
- Non-destructive analysis
- No particle concentration information
- Simultaneous determination of polymer type- Destructive analysis
Py-GC/MS Yes Yes No 0.003 ng and mass concentration - Susceptible to interference from MNPs [30]
environmental matrices
- High sensitivity
ICP-MS Yes Yes No 17 ng/L - Rapid determination of element - No particle concentration information Metallic elements [31]
concentrations
Size: 20 nm; - High sensitivity . .
sp-ICP-MS Yes Yes No concentration: - Rapid determination of particle Not.appllcable to MNPs without metal Metallic nanoparticles  [12,32]
. - - R labeling
35 particles/mL concentration and size distribution
Size: 7 nm; - High sensitivity
sp-ICP-TOF-MS Yes Yes No concentration: - Simultaneous detection of multiple elements - High instrument cost Metallic nanoparticles  [33,34]
0.03 fg and isotopes in single particle

Abbreviations of Techniques: SEM: Scanning electron microscopy; TEM: Transmission electron microscopy; HRTEM: High-resolution transmission electron microscopy ;XPS: X-ray photoelectron
spectroscopy; XRD: X-ray diffraction; ATR-FTIR: Attenuated total reflectance-Fourier transform infrared spectroscopy; p-Raman: Micro-Raman spectroscopy; pu-FTIR: Micro-Fourier transform infrared
spectroscopy; Py-GC/MS: Pyrolysis coupled with gas chromatography and mass spectrometry; ICP-MS: Inductively coupled plasma mass spectrometry; sp-ICP-MS: Single-particle inductively coupled
plasma mass spectrometry; sp-ICP-TOF-MS: Single-particle inductively coupled plasma time-of-flight mass spectrometry.
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Table S4. Occurrence of sunscreen-derived metallic nanoparticles in beach seawater.

Area Particles Type Conce.ntl:atlon/ Analysis Method Ref.
Emissions
nTiO2 13.8-152.9 pg/L
La Lave Beach n7no 0-14.8 ug/L.
Marseille, \ nTiOz 117.9-903.1 pg/L Seting sampling points in bathing zone
French Prophéte Beach nZn0 0-11.2 pg/L and beyond bathing zone [35]
Pointe Rouge nTiO2 6.0-8.6 pg/L
Beach nZnO -
. Palmira Beach Ti element 37.6£7.3 ug/L. Seting sampling points in densely
Majorca Zn element 3.3 pg/L
. ; populated beaches and an open and [36]
Island, Spain  Santa Ponga Ti element 121+ 1.2 pg/L scarcelv used beach
Beach Zn element 10.8 ug/L Y
Hérault.  Palavas-les-Flots Positive correlation between
’ nTiOz Max: 269.2 pg/L concentration and the number of beach [37]
France Beach .
tourists is presented
Marseille, French nTiO: 211 mg/person/day Estimate emissions ba.sed on survey [35]
nZnO 28 mg/person/day questionnaires
Global reef areas nTiO2 36-56 t/year Estimating emissions t.hrough laboratory [38]
simulations

Table S5. Toxicity endpoints of marine species for nTiOz and nZnO.

Particles Size (nm) Dose Descriptor Test Organism Concentration Exposure Time .AF ]1\?(1: Species Sensitivity Ref.
Type (ng/L) (h) time* . b (ng/L)
nTiO: 20 NOEC Acropora spp. 6300 24 10 1 630 [39]
nTiO; 349 +5.5 ECso Alexandrium tamarense 85,080 72 1 10 8508 [40]
nTiO: 21 LCso Artemia franciscana 15,000 96 10 10 150 [41]
nTiOz 10-30 NOEC Artemia salina 100,000 24 10 1 10,000 [42]
nTiOz 18.3+3.2 ECso Artemia salina 120,900 48 10 10 1209 [43]
nTiO2 20.2 + 6.44 LCso Artemia sp. 18,940 48 10 10 189.4 [44]
nTiO: 25 ECso Brachionus plicatilis 10,430 48 10 10 104.3 [45]
nTiO; 32 ECso Brachionus plicatilis 267,300 48 10 10 2673 [45]
nTiO: <100 LOEC Chaetoceros gracilis 1000 75 1 2 500 [46]
nTiO: 25 ECso Chaetoceros muelleri 50,000 360 1 10 5000 [47]
nTiO: 10-25 LCso Chaetoceros muelleri 5010 240 1 10 501 [48]
nTiO: 21 ECso Chlorella pyrenoidosa 132,900 96 1 10 13,290 [49]
nTiO: 24.6 £4.5 LCso Dunaliella salina 11,350 48 1 10 1135 [50]
nTiO; 25 NOEC Dunaliella tertiolecta 7500 96 1 1 7500 [51]
nTiO: 25 NOEC Dunaliella tertiolecta 7500 96 1 1 7500 [52]
nTiO: 15-30 NOEC Dunaliella tertiolecta 3000 96 1 2 1500 [53]
nTiO: 15-30 LOEC Isochrysis galbana 1000 96 1 2 500 [53]
nTiO: <25 ECso Isochrysis galbana 50,000 96 10 10 500 [54]
nTiO: 19.1+6.7 NOEC Magallana gigas 100 72 10 1 10 [55]
nTiO; 8.33-49.58 LC50 Moina mongolica 4140 72 1 10 414 [56]
nTiO; 25+5 LOEC Mpytilus coruscus 2500 336 10 2 125 [57]
nTiO: 25+5 LOEC Mytilus coruscus 2500 336 10 2 125 [58]
nTiO: 22 NOEC Mytilus galloprovincialis 5000 24 10 1 500 [59]
nTiO: 21 LOEC Mytilus galloprovincialis 10,000 96 10 2 500 [60]
nTiO: 21 ECso Nitzschia closterium 88,780 96 1 10 8878 [61]
nTiO: 60 ECso Nitzschia closterium 11,880 96 1 10 1188 [61]
nTiO; 21 LCso Oryzias latipes 8500 48 10 10 85 [62]
nTio; 21 ECso Phaeodactylum 43 72 1 10 43 [63]

tricornutum
nTio; 21 ECz0 Phaeodactylum 16,000 96 1 2 8000 [41]
tricornutum

nTiO: 21 NOEC Pocillopora damicornis 6210 24 10 1 621 [64]
nTiO; 59.7 ECso Skeletonema costatum 117,000 72 1 10 11,700 [65]
nTiO; 5.3 ECso Skeletonema costatum 353,300 72 1 10 35,330 [65]
nTiO: 37.3 NOEC Thalassiosira pseudonana 2500 96 1 1 2500 [66]
nTiO: 15-30 LOEC Thalassiosira pseudonana 3000 96 1 2 1500 [53]
nZnO0  32.28+13.30 LCso Artemia franciscana 4860 96 10 10 48.6 [67]
nZnO <100 LCso Artemia salina 72,500 96 10 10 725 [68]
nZnO 80-200 LCso Artemia salina 12,140 12 10 10 121.4 [69]
nZn0O 80-200 LCso Artemia salina 100,000 96 10 10 1000 [70]
nZn0 30+10 LCso Artemia salina 95,600 96 10 10 956 [71]
nZnO <50 LCso Brachionus koreanus 9903 24 10 10 99.03 [72]
nZn0O 40-48 EC2o Chlorella vulgaris 300,000 24 10 2 15,000 [73]
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nZnO 30-40 LCso Corophium insidiosum 1750 96 10 10 17.5 [74]

nZn0 35+10 LOEC Corophium volutator 200 2400 1 2 100 [75]
nZn0 20-50 LOEC Crassostrea gigas 40.7 24 10 2 20.35 [76]
nZn0 31.7+13.0 LC50 Crassostrea gigas 37,200 96 10 10 372 [77]
nZnO 10-30 LCso Dunaliella salina 7630 24 10 10 76.3 [69]
nZnO 100 ECso Dunaliella tertiolecta 2500 96 1 10 250 [51]
nZnO 20-30 LOEC Dunaliella tertiolecta 1000 96 1 1 1000 [78]
nZn0 <100 ECso Dunaliella tertiolecta 1300 96 1 10 130 [79]
nZn0 <100 ECio Ficopomatus enigmaticus 50 48 10 1 2.5 [63]
nZn0 <100 LOEC Ficopomatus enigmaticus 100 672 1 2 50 [80]
nZnO 30-40 LCso Gammarus aequicauda 300 96 10 10 3 [81]
nZnO 50+10 EC20 Gymnodinium 10,000 96 1 2 5000 [82]
nZn0O 20-30 LOEC Isochrysis galbana 1000 96 1 1 1000 [78]
nZn0 50+10 ECso Keletonema costatum 3600 96 1 10 360 [83]
nZnO 30 LOEC Mytilus edulis 10 504 10 2 0.5 [84]
nZnO 30.1+0.4 LOEC Mytilus edulis 81 336 10 2 4.05 [85]
nZnO <100 LCso Mytilus galloprovincialis 975 672 1 10 97.5 [86]
nZnO 20-30 ECso Mytilus galloprovincialis 1500 1728 1 10 150 [87]
nZnO 30+10 EC10 Neomysis awatschensis 30 28 1 1 30 [71]
nZnO 30+10 EC10 Oryzias melastigma 2820 28 1 1 2820 [71]
nZn0 40-50 LCso Penaeus semisulcatus 49,220 24 10 10 492.2 [88]
nZn0 26.2+5.1 LCso Skeletonema costatum 2360 96 1 10 236 [89]
nZn0 26.2+5.1 ECso Skeletonema costatum 1700 72 1 10 170 [65]
nZnO 26.2+5.1 LCso Skeletonema costatum 18,660 24 10 10 186.6 [66]
nZnO 20-30 LOEC Skeletonema marinoi 1000 96 1 2 500 [78]
nZn0 <100 ECso Tetraselmis suesica 2570 96 1 10 257 [79]
nZn0 <50+5 ECso Thalasiosira pseudonana 50,000 96 1 10 5000 [90]
nZn0 26.2+5.1 LCso Thalassiosia pseudonana 4560 96 1 10 456 [89]
nZnO 20 LCso Thalassiosira pseudonana 2500 96 1 10 250 [91]
nZnO 20-30 LOEC Thalassiosira pseudonana 500 96 1 2 250 [78]
nZnO 20-30 LOEC Thalassiosira weissflogii 94.2 168 1 2 47.1 [92]
nZn0O 30-40 LCso Tigriopus fulvus 600 96 10 10 6 [74]
nZn0  24.95+6.16 LCso Tigriopus japonicus 2400 96 10 10 24 [93]
nZnO 20-30 LCso Tigriopus japonicus 2440 96 10 10 24.4 [94]

a: Assessment factor, AF of 1 is used for for long-term studies, and AF of 10 is used for short-term studies; b: AF of 10 is used for
LCso/ECso, AF of 2 is used for EC20 and LOEC, and an AF of 1 is used for NOEC and ECio.

Table S6. Fitting parameters of species sensitivity distribution (SSD) for deriving predicted no effect concentration
(PNECs) of sunscreen-derived particles.

Particles Type Model RMSE R2 p(A-D) 2 PNEC(png/L)
nTiO: Normal 0.055 0.983 >0.05 54.53
nZnO Normal 0.027 0.988 >0.05 3.90

Abbreviations: RMSE: Root mean squared error. 2: p value of Anderson-Darling test.



Table S7. The transformation pathways of sunscreen-derived particles in marine environments.

Particle Type Condition 'll)‘;:talr::vf:;matlon Transformation Results Mechanisms Ref.
- Artificial seawater
nZnO (pH~8.2) Dissolution Dissolution of nZnO: 24% Zn0 + H20 - Zn?* + 20H- [95]
-1h
- Artificial seawater
nZnO (pH~8.1) Dissolution Dissolution of nZnO: 25-44% ZnO + H20 - Zn?* + 20H- [96]
-24h
- Aqueous solutions (pH 8.5-
8.6, ionic strength 0.1 M) . . -
nZnO - NOM (Suwannee River Dissolution Dissolution of nZ.n0 .mcreased from 4 to 25 pM as NOM enhances the dissolution of nZnO by complexing with Zn2* [97]
Lo NOM concentration increased from 0 to 40 mg C/L
humic acid),
- 70 min
- 0, i i i
- Artificial seawater Form secondary 35.6-38.0% of nZn0 transformed into Znesu Ifide, nZnO directly interacts with sulfur and phosphorus, resulting in transformation
nZnO . and 16.9-17.8% of nZnO transformed into zinc . . 4 . [98]
-7d species into zinc sulfide and zinc phosphate
phosphate
- Natural seawater Form secondar NOM coats nZnO and produces steric hindrance, which preferentially inhibits the
nZnO 274 species y 11.8-17.1% of nZnO transformed into zinc sulfide formation of zinc phosphate, while the formation of ZnS is kinetically preferred [98]
P and still occurs slightly
PMMA plates - Seawater . ' Physical ' 69% reduction in tensile strength Water disrupts hydrogen bonds and van der Waals forces within the [99]
- 36-month immersion fragmentation macromolecular network
- Ultrapure water .
EMA-MMA - Stirring (1000 rpm) Mechamcal. 20% reduction in size Physical rupture under mechanical stress [9]
copolymer -84h fragmentation
) Ultre.lpurt.e wat.er. Photochemical
EMA-MMA ;guﬁn;lfgt[]l;l;gw;’;gwk degradation and 35% reduction in size, and 1.2-fold increase in Photoirradiation induces random homolytic scission of the main-chain C=C bond [9]
copolymer L mechanical carbonyl ratio of poly MMA, leading to the formation of polymeric alcohols
- Stirring (1000 rpm) fragmentation
-84h
- Ultrapure water
Acrylate ﬁ;;%ght irradiation (1000 Photochemical MPs complete breakup to several pieces after 9 h, nZnO produces hydroxyl radicals under light irradiation, thereby promoting the [6]
copolymer degradation and the carbonyl ratio reached 50.59% after 12 h oxidative degradation of MNPs
-nZnO (14 mg/mL)
-12h
) Nat.ural s.ea.water (pH~8.2) - MPs (16-2000 pm) fragmented into smaller sizes, The energy of UV radiation is sufficient to break the C-C and C-H bonds and
- UVirradiation (275-470 Photochemical : L . L . .
PMMA MPs ; while the 50-125 pm fraction increased twofold, and activate oxygen molecules, resulting in the generation of additional oxygen- [100]
nm, 240 W) degradation o« e L .
-120h 25% increase of oxidation index containing functional groups
- Minimal media
PMMA films p Marmg MICrOOTEANISMS Biodegradation 16% weight loss Not mentioned [101]
(Aspergillus sp.)
- 6 weeks
- Minimal media,
EfMMA/cellulose p Marlne. MICroorganisms Biodegradation 24% weight loss Not mentioned [101]
films (Aspergillus sp.)
- 6 weeks

Abbreviations of Techniques: PMMA: Polymethyl methacrylate; EMA-MMA: Ethyl methylacrylate-methyl methacrylate.
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