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Antifouling applications

Biocides:
TBT (1960s-1980s)
Cu(I) oxide, Cu(I) thiocyanate
Zn(II) oxide
Zn pyrithione, Diuron, Irgarol…(boosters)

Manufacturers:
International Paint, Blakes, EU-45…
Leaching rate in μg cm-2 d-1





The fate and effects of antifouling paint residues?
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Programme of Research

Chemical composition of (leisure boat) paint 
fragments

Solubility and bioaccessibility of chemical 
components

Uptake of components by estuarine 
invertebrates



Ground paint composite

Elemental composition (%)

Si,O,S,Mg

other C

H

Cu: 31.1

Zn: 11.4

Pb 525 μg g-1

Sn 550 μg g-1

Cd 7.6 μg g-1

Ni 150 μg g-1

Ag 19 μg g-1



Concentrations of metals in < 63 μm Plym
estuarine sediment (μg g-1)

_______________________________________________
control near boatyard enrichment

_______________________________________________

Cu 98.5 + 9.3 2230 + 1900 22.6
Zn 129 + 15 916 + 600 7.1
Sn 8.2 + 2.5 12.0 + 1.0 1.5
_______________________________________________





Organometallic fraction

______________________________________
Cu 463 + 61 μg g-1 0.15 + 0.02%
Zn 1310 + 73 μg g-1 1.15 + 0.11%
Sn 16.4 + 2.6 μg g-1 3.07 + 0.63%
______________________________________

FTIR analysis:

• Zn-pyrithione @ 821.5 cm-1

• Cu-pyrithione @ 831.5 cm-1

• No Sn-C bond (590 – 520 cm-1) detected



120 h-leaching of Cu from 120 mg L-1 of < 63 
μm paint particles 
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Accessibility of a 1:10 paint to sediment mix to 
bovine serum albumin
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Arenicola marina + 40 mg of < 1 mm paint particles

_________________________

Control 12.9+6.3 μg g-1 (n=8)

Exposed   26.5+3.5 μg g-1 (n=3)
_________________________

Cu in A. marina



Mytilus edulis + 80 mg L-1 of a 1:5 paint to silt mix 
(< 45 μm)

Cu

0

10

20

30

40

50

60

70

shell foot gut gill

μg
 g

-1 control
exposed



Conclusions

• Paint residues represent a significant source of 
contamination in estuaries impacted by boating

• Metallic components are highly soluble and 
bioaccessible

• Estuarine invertebrates cannot deselect paint particles 
and readily accumulate metallic biocidal constituents

• Stricter enforcement of codes of practice are required



Did the boater:

a) Vacuum the dust and dispose 
of as hazardous waste

b) Vacuum the dust and dispose 
of as domestic waste

c) Sweep the dust into the sea?
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