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4:00pm BI2-MoA-11 Influence of Copper on the Establishment of Marine 
Biofilms, Sara Tuck, Kenan Fears, U.S. Naval Research Laboratory 

Biofouling, the accumulation of unwanted organisms on submerged assets, 
is an ongoing challenge within the maritime industry and has additional 
repercussions on human health. Biofouling build-up increases fuel 
consumption, asset drag, and operational costs in addition to facilitating 
the transfer of environmental and pathogenic bacteria from one location to 
another. Conventional methods to inhibit biofouling includes the 
application of antifouling coatings, the most popular of which are copper 
based. In biological systems, copper is tightly regulated and, in an attempt 
to exploit this, some antifouling coatings contain up to 75% copper (I) oxide 
by weight. Despite these high loadings, the efficacy of these coatings is 
rapidly declining with the emergence and spread of copper tolerant 
species. Microbial communities resistant to copper have been found to 
form mature biofilms on these coatings, which could be altering the 
interfacial properties to create more favorable conditions for the settlement 
of a broader biofouling community. To gain an understanding of the 
mechanisms responsible for the loss of antifouling performance, coated 
and uncoated polyvinyl chloride panels were deployed at field sites to 
harvest early biofilms. From these collections, we isolated, cultured, and 
identified bacterial species. Copper tolerance profiles were developed by 
re-exposing individual colonies to copper sulfate in broth microdilution 
assays. We also investigated copper biocide release from copper-ablative 
coated glass coverslips over a short time frame to better understand the 
copper environment that is susceptible to primary colonization. 

4:15pm BI2-MoA-12 Biofouling Prevention by Constant and Alternating 
Potentials, Jana Schwarze, Emily Manderfeld, Axel Rosenhahn, Ruhr 
University Bochum, Germany 

The application of electrochemical potentials to surfaces is an easy and 
direct way to alter surface charge density, the structure of the 
electrochemical double layer, and the presence of electrochemically 
activated species. We investigated how applied potentials affect the 
colonization of surfaces by microorganisms. Different constant potentials as 
well as the regular alternation between two potentials were investigated, 
and their influence on the attachment of the biofilm-forming 
microorganisms on gold-coated working electrodes and laser induced 
graphene was quantified in laboratory and in field experiments. In order to 
be able to study the attachment under dynamic conditions, different 
electrochemical approaches have been developed to merge dynamic assay 
conditions e.g. microfluidics or rotating disks with potential control by 
potentiostats. In addition to the effect of the applied potentials on fouling, 
the electrochemical processes on the working electrode were analyzed by 
cyclic voltammetry and correlated with chemical analysis that provided 
insight into the reactive oxygen species formed. The electrochemical 
processes that occur on the surface will be discussed in view of the 
observed antifouling behavior and discussed regarding the protection of 
structures and ships in contact with seawater and technological 
applications such as desalination by reverse osmosis. 

4:30pm BI2-MoA-13 NO-Releasing Hybrid Material Coatings with Low 
Fouling Properties Against Pathogenic Bacteria, Luciana Natascha 
Herbeck, Samantha Muhring-Salamone, Regina Kopecz, Axel Rosenhahn, 
Ruhr-University Bochum, Germany 

One serious, global issue facing human mankind is the uncontrolled 
accumulation and growth of organisms and organic matter onto man–made 
surfaces, known as biofouling.[1] Negative outcomes attributed to 
freshwater biofouling comprise clogging or corrosion, the spread of 
pathogenic bacteria in water distribution or food processing systems, and is 
the root of medicinal infections.[2–6] As the trend in coating design is moving 
towards sustainable and bio–friendly approaches, one strategy is to mimic 
nature’s concepts in counteracting biofouling, e.g. by using secondary 
messenger molecules such as nitric oxide, which has been found to 
disperse biofilms and to exhibit antimicrobial effects.[7] This property has 
already been utilized in research on catheters and wound healing 
patches.[8,9] In this work, the secondary messenger molecule nitric oxide 
was integrated into a sustainable coating matrix consisting of the naturally 

occurring polysaccharide alginate, tetraethyl orthosilicate and an 
aminosilane capable to serve as an NO–acceptor/donor group. Two 
different nitrogen oxide species were formed in the coating after NO 
binding at elevated pressures and the ratio of the two species depended on 
the ratio of the two silane compounds. The NO-binding and release was 
characterized by UV-Vis spectroscopy and Griess–assays. Antifouling 
properties of the coatings against the freshwater bacteria Bacillus subtilis, 
Pseudomonas fluorescens and Escherichia coli were verified in dynamic 
attachment assays, revealing a significant reduction for NO–releasing 
samples compared to coatings without NO–release. 
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