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40 Table S1. Summary of literature examining the release of nanoplastics, microplastics, and metals from various types of paints.

41

Sizes Concentration
. range or Main
:ﬁgﬁggy of paint products Paint type ?:5:::? or percentage analytical Weathering conditions Ref.
ran e)g composition techniques*
g released
SEM-EDX,
Raman . .
ol . . ’ laboratory: dispersed in Miiller et
polyacrylate building paints 97 — 98 nm not specified 11:)11:1% demineralized water al., 2022a!
nanoplastics AF-FFF
suspected
oy . . SEM-EDX, Fang et al.,
:‘L};;elril: or building paints | <500 nm not specified Raman none 20242
. . . +42-66+ i
unidentified road marking 18'5. 42-66£77 optlcal o Horton et
. . 1 —4 mm particles/100 g of microscopy, | natural: river 3
thermoplastic paints . al., 2017
river water Raman
alkyds Industrial .
. . 171 £+ 113 particles/L . Song et al.
oly(acrylate/ aints, marine <50 - 500 um . FTIR natural: seacoast in Korea ’
ﬁ’tyg’e(ne)ry gase 4 paints HM 194 4 21 particles/L 2014*
contamination
from the .
2805 particles/ 9127 FTIR, ) . . Lacerda et
polyurethane ﬁ;ﬁgiﬁsel’ 0.3—-23 mm m? filtered seawater | SEM natural: Antarctic peninsula al., 20193
paints
. . . maximum . . . . Borges
microplastics not specified n:g;;e based 0.1 - 5mm approximately 900 Eﬁ::lrc(?slco Iézt;raéé}clgag;al slt\e/;ielzzgts ™| Ramirez et
P particles/m? py P Y al.,2019°
alkyd, marine based
€poxy, paints, building | 180 pm 0.01 paint XREF, natural: North Atlantic Turner et
chlorinated paints and road | (median) particles/m? ATR-FTIR Ocean al., 20227
rubber marking paints
. marine based 12.8% out of 398 optical natural: se,dlmen‘@ from the Mengatto &
not specified aints 1 -3 mm microplastic particles | microsco Paranagua Estuarine Nagai,
P P P Py Complex 20228
acrylates . . pPFTIR, ) . .
marine based mean numerical natural: Sediments from Mani et al.,
polyurethane aints <75 pm roportion: 70 + 19% ATR-FTIR, Rhine River 2019°
varnish (APV) P prop ) ° | optical




microscopy

thermosetting . ) Higgins &
polyester. marine based not specified not specified FTIR natural: coastal waters of Turner
>, paints plymouth 10
epoxy resins 2023
98.7% in surface
alkyd resin, . microlqyer
poly(acrylate/ marine based 50 —>1000 99.6% in surface FTIR natural: surface seca waters of | Chae et al.,
styrene) paints pm seawater-hand net Korean west coast 2015
Y 60% in surface
seawater -trawl net
not specified marine based 03— 5mm 0.03 — 0.65 paint E;Ii};;l natural: surface waters of Kwon et
paints ’ particles/m3 . Korea al., 20202
microscopy
80% of total
not specified marine based 1 -5mm mesoparticles ATR-FTIR, | natural: sediments in Jaouani et
paints >5 mm 32% of total SEM-EDX Tunisian coast al., 202213
macroplastics
. marine based <0.4 mm 12% of total plastic optical natural: p lankFon sample.s in | Ivar do Sul
not specified paints (mean) particles microscopy Western Tropical Atlantic etal.,
Ocean 20144
marine based
paints, optical ) Kang et al.,
N 0.94 to 232 . natural: southeastern coast
alkyd contamination <2 mm ticles/m?3 microscopy, fK 2015(Kang
from the particiesm FTIR ot horea etal., 2015)
research vessel
. . natural: plankton samples in .
not specified marne based <5 mm 29% of total particles optlcal Western Tropical Atlantic lealgz tal,
paints microscopy | 5o 2014
not specified pmaazgtr;e based jn?n m - <10 58 + 58 particles/m? | Raman Iﬁitlgaé.aizilments from Z}l’h;) (t; 1e 217
not assignable m"Trine based I surf . h
but suspected pamts, 101 — 8932 48% of total plastic uXRF, natural: surface and L.eIStGHSC n
APV contamination um particles ATR-FTIR subsurface water samples eider et al.,
polyester oxide from the from Weddell Sea 202118
research vessel
poly(methyl
3 . o
meltha.cryllate) marine based <1000 I?ﬁlf/[sgva;%i/s. 33% GC-MS natural: the German Bight Dibke et
Ic’fl’lgrvigzy paints Hm EPV 0 2)% ® (":) py=ts (North Sea) al., 20211

polycarbonate




optical

Gondiaks et

not specified marine based not specified 0.01 — 3 mm microscopy, naturql: marinas on the al., 202320
paints Raman, Swedish coast
SEM-EDX
. TiO,: 4-8 ng/L S
. TiO,: <10 nm ] . laboratory: UV irradiation
Ti0, | Agid0and9o | A& Underdetection | ICP-OES, 500, 1y A) abrasion | Zuin et al.,
Ag industrial paint am limit (0.1 pg/L) TEM-EDX, (500 ¢ load with 500 201421
8i0, Si0;: 12 nm 8i0,: 73 mg/L (1.8% | XRF c cleg/rotation)
> of total SiO, in paint) Y
0.065 mg/L (2.3% of ICP-OES laboratory: UV irradiation Al-Kattan
Si0O, industrial paint 12 nm the total nano-SiO, in TEM-ED’X and precipitation (89 six- etal.,
panels) hour cycle, UV-A) 20152
. laboratory: static water
. 0,
TiO, Ti: 30 nm Ti: 0.00048%o immersion test, UV
. . . ; Ag: 0.025%o to ICP-MS, L Zhang et
Ag industrial paint | Ag: 50 nm 0.055% DLS irradiation (UV-A, 63 cycles 1 201723
Si0, Si: 10 nm Sl 0 320 0.62% of 8 h each), precipitation ks
. U, —VU. 0
(500 h)
natural: 10 weeks winter, 7
weeks summer Azimzada
0, .
TiO, building paint | 20— 60nm | -001%oftotal g yop g | laboratory: Room - etal,
nano-TiO; in paint temperature, freezing (-10 202042
Metal C), freeze thaw (24 h freeze,
nanoparticles 24 h thaw) for 42 days
ICP-MS, Kaegi et
TiO, building paint 20 — 300 nm maximum 600 pg/L ICP-OES, natural: runoff (1 rain event) / ZgOOS25
TEM-EDX b
building paint (172;15an 15% (paint) and 35% natural weathering: 11 Treiie ef al
CeO, AR A (stain) of total NP-Ce | SP-ICP-MS | weeks starting Octand 12 | 52028
- in paint weeks starting Jan
(stain)
o . ) 30% of total NP-Ag ICP-MS, natural: runoff (65 runoff Kaegi et
Ag building paint Ag: <15 nm in paint TEM-EDX events, 372 days) al., 2010%7
up to 100 nm DLS, SEM-
. o . ; . EDX laboratory: di di Muller et
TiO, building paint (in not applicable AF—F,FF r?lil(l)iril(zvrz terlsperse n B lu 2?{2;31
supernatant) Raman ’ ”
0.21% of total Cu in SP-ICP-MS laboratory: submerged
Cu,0 marine based 40 — 460 nm paint (aluminum bars, DLS ’ | panels with fluorescent light | Adeleye ef
2 paints 180 days) SEl\/f-EDX exposure and shaking al.,2016%

1.76% of total Cu in

(simulates natural waters)




paint (wood bars, 180
days)

for 180 d

104% of total TiO, in

buildine paint aint SP-ICP-MS, | natural: 11 weeks starting Azimzada
TiO, stain g paint, 20 —>200 nm g(y of total TiO» in SP-ICP- Oct and 12 weeks starting etal.,
o 2 TOF-MS Jan 20206
wood stain
. laboratory: 113 'cycle?s, '6 h Al-Kattan
TiO industrial paint 20— 80 nm 0.007% of total nano- | SEM-EDX, | (3 hours of UV irradiation ot al
2 TiO, TEM (UV-B), 0.5 h of irrigation | - "5,
and 2.5 h of drying)
marine based maximum 1.2 x 107 natural: marinas on the Gondikas et
Cu paints 45-100nm particles/m3 SP-ICP-MS | g vedish coast al., 202320
Cu: ~16.0% of total
Cu in dry paint laboratory: room .
. . o . Singh &
Cu marine based not available (maximum) ICP-OES temperature (19 °C) or in Turner
Zn paint Zn: ~11.0% of total refrigerator (4 °C) for 120 h; 0
. . . N 2009
Zn in dry paint different salinities
(maximum)
Cu: 70 pg/cm? day laboratory: submerged in
Cu marine based not available (acrylic, maximum) AAS artificial sea water with Jalaie et al.,
Zn paint Zn: 64 pg/cm? day wave-like conditions and at | 20233
(acrylic, maximum) room temperature (23 °C)
All percentages are
maximums.
Al Zn: 2.0% (paint mix),
Total metals S 0.1% (Alusafe)
Cu Cu: 0.2% (paint mix), laboratory: UV irradiation
7n marine based not available 0.9% (Alusafe) ATR-FTIR, | (UV-C) for 21 days, Simon et
cd paint S: 26.0% (paint mix), | ICP-OES leaching in algae growth al., 20213
Pb 5.0% (Alusafe) media for 168 h
Cd: 4.5% (paint mix),
0.7% (Alusafe)
Pb: 0.1% (paint mix)
Al: 0.7% (Alusafe)
' lab'ora'tory: submergeq in Holmes &
Cu marine based . Cu: 10.0 — 15.0% loss artificial sea water, with 12 h
. not available ICP-OES . . Turner,
Zn paint Zn: <8.0% loss light-dark cycles using 2009%
fluorescent tubes for 80 h
: . o/ _ 0, . :
Cu marine based not available Cu. 0.5% — 3.0% loss ICP-OES laboratory: submerged intap | Jessop &
Zn paint in aqueous phase water (pH 7.3) or rainwater Turner,




42
43
44
45
46
47

Zn: 5.0 —30.0% loss (pH 4.7) for 120 h 20113
in aqueous phase

*AAS = atomic absorption spectroscopy; AF-FFF = asymmetric flow-field flow fractionation; FTIR = Fourier transform infrared spectroscopy; ATR-FTIR
= attenuated total reflectance FTIR; DLS: dynamic light scattering; EDX = energy-dispersive X-ray spectroscopy; ICP-MS = inductively coupled plasma
time-of-flight mass spectrometry; ICP-OES = inductively coupled plasma optical emission spectroscopy; py-GC-MS = pyrolysis gas chromatography-mass
spectrometry; SEM = scanning electron microscopy; SP-ICP-TOF-MS = single particle inductively coupled plasma time-of-flight mass spectrometry; TEM

= transmission electron microscopy; and XRF = X-ray fluorescence.



48 Table S2. Composition of MicronCSC-CA antifouling paint*® and base Interprotect2000E primer

49

50

aint,>” according to the manufacturer (Interlux®).

MicronCSC-CA antifouling paint

base Interprotect2000E primer paint

Ingredient Weight percentage (%) Ingredient Weight ([‘))Zlicentage
copper (I) oxide 30-60 polyme{);)sfl‘);;; zﬁlfsm and 10-25
zinc oxide 10 - 30 talc 10 - 25
xylene 7-13 barium sulfate 10 - 25
iron oxide 3-7 titanium dioxide 10 - 25
butyl alcohol, n- 3-7 mica 1.0-10
ethyl benzene 1-5 xylenes 1.0-10
cthyl toluene 1-5 butanol 1.0-10

sulfonamide

copper (II) oxide 1-5 petroleum naphtha 1.0-10
1,2,4-trimethyl benzene 1.0-10
benzene, ethyl- 1.0-10
1,3,5-trimethylbenzene 1.0-10

51 Figure S1. Spectrum of the UV lamp (Arcadia 54w T5 D3+ 6% UVB 46", ReptilesRuS) as
52 provided by the manufacturer. The x-axis denotes the wavelength (nm); the y-axis denotes the
53 relative intensity of the light.
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62
63

Text S1. The equivalent UV irradiation used in this experiment was calculated using a measured
average UV radiation of 12.7 + 1.0 W m-2 during the 21 days the UV lamps were turned on. Using
the yearly radiant exposure data in Canada (49000 W h m/year) used by Hernandez et al. (2023),

38 the corresponding real-world UV radiation was calculated as follows:

h
127W-m™? x 24— = 304.8W-h-m'2perday

304.8W-h-m_2perday x 21 days=6400W-h-m'2

day

6400 W -h-m™?

m
49000 W - h -

year

> = 0.1306 years = 47.7 days



64 Figure S2. Nujol mull spectrum of  the suspected rosin (CAS
65 8050-09-7). Major peaks (cm-1) are listed with their corresponding transmittance (%). The
66 spectrum is provided by the Chemical Book.?®
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70

71

72

73
74 Figure S3. Representative images of antifouling paint microplastics of controls (CC and HC) and

75 weathering treatments (UV, FT, and UV-FT) imaged on the filter, from which the O-PTIR spectra
76 were acquired. Each row corresponds to one weathering condition, and the three columns show

10



77 replicate particles selected for that condition to demonstrate within-treatment variability. Red
78 markers indicate where OPTIR spectra were acquired and depict the morphology and visual
79 appearance of the analyzed paint fragments for the specific condition.
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Ref. Paint
CC1
CC2
CC3
uv1
uv2
uv3

UVFT1
UVFT2
UVFT3
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Figure S4. A heatmap of Pearson correlation coefficients comparing weathered antifouling paint
microplastics from treatments and reference antifouling paint (denoted as Ref. Paint). Nine
spectra were averaged for each comparison. Treatments are denoted as CC = cold control, HC =
heat control, UV = UV irradiation, FT = freeze-thaw, and UV-FT = UV and FT combination.
Each replicate is denoted after the treatment name (e.g., CC1, CC2, and CC3). Black squares
indicate that the correlation is equal to 1.
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97

Text S2. CC had the lowest calculated coefficient yet experienced the least weathering exposure.
Replicate 2 from the CC (CC2) had the lowest Pearson correlation coefficient (Figure S3). The
particles used to acquire spectra in this sample were quite small (<50 um) and interference from
the filter may have added noise to the spectra. Also, insufficient material from the paint
microplastics may have affected the signal intensity. Overall, comparing all the weathered paint
microplastics to each other revealed high correlation coefficients. This confirms that the spectra,
even among weathered paint microplastics, were very similar, with no substantial changes in the

organic components of paint.
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98

99

100 Figure S5. Representative images of coupons for primer paint (grey coupons) and antifouling paint
101 (red coupons) after a six-week exposure to the different weathering treatments or controls.
102 Treatments or controls are denoted as CC = cold control, HC = heat control, UV = UV irradiation,
103 FT = freeze-thaw, and UV-FT = UV and FT combination.

HC

uv
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104
105

106 Figure S6. Representative images of coupons taken with the O-PTIR for antifouling paint after a
107 six-week exposure to the different weathering treatment or controls. Treatments or controls are
108 denoted as CC = cold control, HC = heat control, UV = UV irradiation, FT = freeze-thaw, and
109 UV-FT = UV and FT combination. Red markers show spots where a spectrum was acquired.
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Ref. Paint
CccC1 0.9
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Figure S7. A heatmap of Pearson correlation coefficients comparing exposed antifouling paint
coupons and reference antifouling paint (denoted as Ref. Paint). The average of nine spectra were
used for each comparison. Treatments or controls are denoted as CC = cold control, HC = heat
control, UV = UV irradiation, FT = freeze-thaw, and UV-FT = UV and FT combination. Each
replicate is denoted after the treatment or control name. Black squares indicate the correlation is
equal to 1.
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Figure S8. Contact angles (degrees) for water droplets on exposed antifouling paint coupons.
Treatments or controls are denoted as CC = cold control, HC = heat control, UV = UV irradiation,
FT = freeze-thaw, and UV-FT = UV and FT combination. The paint layer at which the contact
angle for UV-FT was measured is indicated in parentheses. Error bars indicate standard deviation.

Table S3. Results of Mann-Whitney U-test comparing the water contact angles of the exposed
antifouling paint coupons. Asterisks define significance, where: ns = nonsignificant, * = p < 0.05
significant, ** = p < 0.01 highly significant, and *** = p < 0.001 very highly significant.

Weathering Cold Heat Freeze- uv UV-FT UV-FT
treatment/contro | Control Control Thaw (FT) (1%t layer) | (2" layer)
1 CC (HO)

Cold Control (CC) * ns ok ok ns

Heat Control (HC) | * * *k *k *
Freeze-Thaw (FT) | ns ok ns

UV sk skk kok ns %

UV-FT (1% layer) | ** ok *E

UV-FT (2" layer) | ns * ns

17



131

132

133 Table S4. Average Pearson correlation coefficient (n = 9) of weathered antifouling paint
134 microplastics compared to weathered antifouling paint coupons.

trez‘l):llflaetnhte/g)l:lgtrol CC coupon | UV coupon | UV-FT coupon | HC coupon | FT coupon

CC paint microplastics 0.67 0.35 0.62 0.69 0.69

UV paint microplastics 0.82 0.43 0.74 0.81 0.80

UV-FT paint microplastics 0.82 0.35 0.72 0.84 0.84

HC paint microplastics 0.73 0.31 0.65 0.79 0.80

FT paint microplastics 0.83 0.13 0.59 0.85 0.87
135
136
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138

139 Figure S9. A heatmap of Pearson correlation coefficients comparing weathered antifouling paint
140 microplastics and exposed antifouling paint coupons. The average of nine spectra were used for
141 each comparison. Each comparison is denoted as either p = paint microplastics and ¢ = coupon.
142 Treatments or controls are denoted as CC = cold control, HC = heat control, UV = UV irradiation,
143 FT = freeze-thaw, and UV-FT = UV and FT combination. Each replicate is denoted after the

144 treatment or control name.
145
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146 Table S5. Descriptive statistics of particle sizes and particle counts of microscopic images from
147 weathered antifouling paint treatments and controls, analyzed using ImagelJ. All values were blank
148 subtracted.

Average Average Average
. Average Average mean .. . R
Weathering median size size (mm = minimum maximum particle count
treatment/control (mm + SD) SD) size size (particles/mL +
(mm =+ SD) (mm = SD) SD)
Cold Control (CC) 0.03+£0.01 0.04 £ 0.007 %%%Z);t 0.7+0.5 2+3
Hot Control (HC) 0.02+0.00 0.04 +£0.02 0.007 % 1.1+£0.7 66
0.0002
Freeze-Thaw (FT) 0.03+0.01 0.07+0.02 0.006 + 1E-18 33+£1.0 67+ 30
0.006 +
uv 0.02 £0.00 0.03 £ 0.004 0.0006 1.0£0.3 14+10
UV-FT* N.D. N.D. N.D. N.D. N.D.

149 *Particle counts and size for UV-FT are not defined (N.D.) as the filter was saturated with particles.

150
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Figure S10. pH measurements for (A) antifouling paint, (B) primer paint and (C) procedural
blanks exposed to the appropriate weathering treatment or control. The connected lines at each
timepoint represent the median. Each replicate measurement is shown for every timepoint (n = 3).
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163

3x108
4 _ 4 FTAF paint
-9 C AF paint

I H primer
UV-FT primer

2x108-

1x108+

Particle Number Concentration
(Cu,0 nanoparticles/g of paint)

Time (week)

Figure S11. Average number concentrations of Cu,O nanoparticles per gram of dry paint (number
of nanoparticles/g of dry paint). Concentrations are shown for antifouling paints exposed to FT
and CC treatments, and primer exposed to UV-FT and HC treatments as a function of time. Error
bars denote standard deviation of triplicate measurements (n = 3). Asterisks denote time points
that were statistically insignificant (i.e., <200 particle events).
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164
165 Figure S12. Representative examples of raw SP-ICP-MS data for Cu,O released from antifouling

166 paints exposed to (A) FT treatment at 2 weeks, (B) FT treatment at 4 weeks, (C) FT treatment at 6
167 weeks, and (D) CC control at 2 weeks.
168
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169 Table S6. Average mass concentration (nug/L + SD), average dissolved (ionic) background (pg/L
170 =+ SD), and fraction of average mass concentration of Cu,O divided by the average dissolved
171 background (% + SD) obtained from untreated SP-ICP-MS data. Individual triplicates are shown
172 for controls and weathering treatments.

173
174

Weathering Week Average mass Average dissolved Average mass
treatment/control concentration background (ng/L + | concentration divided
(ng/L = SD) SD) by average dissolved
background (% =+
SD)
0.75+0.2 17+10 4346
Cold Control (CC) 2 1.0+1 11+7 18 £27
1.2+0.7 19+ 11 6.4+3
0.55 +0.06 3.6£0.8 15+1
2 0.14 £ 0.01 2.0=£0.5 6.8£1
0.33 +£0.05 32+£0.7 10+1
0.21 £0.06 4.1+1 53+2
Freeze-Thaw (FT) 4 0.055 +0.004 24+0.6 23+04
0.044 + 0.004 32+0.7 1.4+0.36
0.029 + 0.004 3.8+0.6 0.78 £0.09
6 0.033 +0.008 6.2+0.9 0.54 £0.07
0.027 +£0.003 7.7+1 0.36 £0.09
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