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• The accumulation of organisms (micro and macro) on surfaces submerged in water.
• Increases hydrodynamic drag; conceals structural defects
• Reduces speed, fuel economy, and stability of vessels.
• Very costly!

– E.g., It costs US Navy ~$1 billion annually in extra fuel costs and cleaning

Valkirs et al. Marine Poll Bull. 2003, 46(6): 763-779
Schiff et al. Marine Poll Bull 2004, 48(3-4): 371-377
http://www.navy.mil/submit/display.asp?story_id=45984
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Source: http://amazingbiotech.blogspot.com/2014/04/bio-fouling.html
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• Chemical: Toxic (e.g. copper-based antifouling paints) and non-toxic chemicals (e.g. non-stick silicone coatings).
• Biological: Low-toxicity microbial enzymes and/or metabolites that prevent fouling; such as isomerase, oxidoreductases, transferases, hydrolase, and lyase.
• Physical or mechanical: E.g. electrolysis, and hull surface modification, robotic hull grooming (Hull BUG) etc.

Shan et al. Chinese Sci Bull. 2011, 56(7): 598-612
Kristensen et al.  Biotechnol Adv. 2008, 26(5): 471-481
Dobretsov et al. Mar Biotechnol. 2007, 9(3):388–397
Asuri et al. Small, 2007, 3(1): 50–53 
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• Biocide-containing (antifouling) paints are often employed to prevent fouling
– Over US$ 5.7 billion is spent annually to prevent and control marine biofouling

• Common biocides include copper (mostly as Cu2O), and zinc. Biocides can be organic or inorganic compounds.

Valkirs et al. Marine Poll Bull. 2003, 46(6): 763-779
Schiff et al. Marine Poll Bull 2004, 48(3-4): 371-377
http://www.navy.mil/submit/display.asp?story_id=45984
http://floatways.com/398/ultimate-detailed-antifouling-boat-bottom-paint-guide/
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Antifouling paints release biocides directly into waters, which may affect non-target organisms
– VLCC “supertankers” alone release up to 48,000 L of biocides into seawaters annually1

– Sediment quality surveys around the US routinely find high [Cu] in marinas and harbors (above federal and state limits)2

– Washington State passed a law which may phase out copper-based antifouling coatings on recreational vessels from 20183

– The Unified Port of San Diego is implementing a Cu Reduction/TMDL Program4

1. Buskens et al. J Coat Technol Res 2013, 10 (1): 29-36
2. Schiff et al. Marine Poll Bull 2004, 48(3-4): 371-377
3. http://apps.leg.wa.gov/documents/billdocs/2011-12/Pdf/Bills/Senate%20Passed%20Legislature/5436-S.PL.pdf
4. http://www.waterboards.ca.gov/rwqcb9/water_issues/programs/watershed/souwatershed.shtml

Antifouling



http://phys.org/news/2012-07-coatings-bactericidal-agent-nanoparticles-combat.html
http://www.seahawkpaints.com/product/mission-bay-csf/

Nano-antifouling



Toxicity: Size matters
• Toxicity of biocides depends on their chemical state (Cu, Zn) and physical state (free ions, complexed ions, nanosized or bulk particles).
• Recent studies suggest that toxicity of copper depends a lot on its physicochemical state.1-5

• Most existing biocide release studies determined total and/or “dissolved Cu” (0.45 µm filtrate).

1. Shi et al. Environ Pollut 2011, 159:1277-1282
2. Thit et al. Toxicity in Vitro 2013, 27:1596-1601
3. Bielmyer et al. Environ Sci Technol 2014, 48:13443-13450
4. Siddiqui et al. Aquatic Toxicology 2015, 160:205-215
5. Torres-Duarte et al. Nanotoxicology 2016, 10: 671-679



Research Objectives
a. To determine if there are nano-sized biocides in conventional antifouling paints
b. To develop a simple method for assessing release of antifouling paint biocides
c. To estimate release of different forms of biocides (ionic, nano, bulk) from paint matrix
d. To assess the effect of leachate on aquatic organisms



Materials & Methods



Adeleye et al. Water Research 2016, 102: 374-382



No we don’t have nano particles in our paint. Sorry.
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sp-ICP-MS

Particle size distribution of Cu2O (as Cu) present in antifouling paint obtained from single particle-ICP-MS
Adeleye et al. Water Research 2016, 102: 374-382



Element Wt % At %C K 16.52 41.56O K 11.60 21.91FeL 22.99 12.44CuL 47.61 22.65AlK 01.29 01.44

SEM-EDS
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Adeleye et al. Water Research 2016, 102: 374-382
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Fig. 14 Mean in situ release rates for pleasure craft, active Navy vessels, and stationary 45 cm × 45 cm panels.

Valkirs et al (2003), Marine Pollution Bulletin, Volume 46, Issue 6, 2003, 763–779

This study (Al)
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Adeleye et al. Water Research 2016, 102: 374-382



Particle Transformation
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Adeleye et al. Water Research 2016, 102: 374-382
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Effect on Isochrysis galbana

Adeleye et al. Water Research 2016, 102: 374-382
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Conclusions
o Nanosized Cu2O was detected in a unlabeled antifouling paint and its leachate
o Release of Cu was strongly dependent on:

• Material painted
• Salinity
• Drying time

o Transformation of Cu2O is in orders of weeks or months
o Paint leachate exhibited toxicity to algae and zebra fish embryos
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Thank you for listening
Email: aadeleye@bren.ucsb.edu


