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Introduction

Shoreline is a cooperative company with a primary 
focus on Environmental Protection and a twenty-fi ve-
year long experience in providing management ser-
vices to the Miramare Marine Protected Area (WWF) 
and consultancy in the Mediterranean basin. Shoreli-
ne performs research on and monitors marine coastal 
environments, basing its activities on chemical-physi-
cal parameters, eco-toxicological analyses and eco-
logical survey. It also offers aquaculture and fi shery 
consultancy services, from sustainable management 
to EMAS certifi cation. Finally, Shoreline offers orga-
nizational services in Environmental Education and 
Eco-tourism at the international level as well as highly 
interactive, nature-themed museum projects.
In this fi eld of work the company has often encounte-
red the problem of the need for anti-fouling paints. 
In particular, leisure boating and marine infrastructu-
res, as well as boats and equipment for fi shery and 
fi sh farming, and equipment used in coastal-marine 
protected areas, such as buoys or beacons, have this 

requirement. In fact bio-fouling is a limiting factor not 
only for the navigation or the fl oating equipment, but 
also for cooling systems and water distribution in fi sh 
farming plants.
Nowadays, anti-fouling paints are formulated with to-
xic copper or other biocides-special chemicals, in or-
der to prevent the growth of sessile marine organisms. 
These compounds are entrapped in a releasing matrix 
or in an ablative paint, where the active ingredient is 
constantly leaching out. Following this approach, no-
wadays industries are trying to develop new synthetic 
biocides, paints with limited sloughing of toxic metals 
or hard antifouling paints, which create a porous fi lm 
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on the surface where biocides are held and released 
slowly.
But there are also very promising alternative ways for 
innovation. Non-toxic silicon coatings produce slick 
surfaces where fouling growth cannot attach, but the 
critical issue is that they do not last long. Other inno-
vative antifouling coatings use fl uoropolymers or bio-
degradable polymers, or are made of a biocide-free 
epoxy resin. High-tech antifouling coatings are the 
amphiphilic/hybrid systems or the surface created 
with micro-topography.
However, considering the environmental impact of 
traditional antimicrobials, alternative antifouling stra-
tegies were recently considered [1]. In particular, the 
addition of antimicrobial nanoparticles or enzymes 
to paints has also been investigated. In our case stu-
dy the active component, which was the subject of 
the experimentation carried out by Shoreline, was a 
paint-entrapped enzyme (also defi ned active compo-

nent), without chemical bonds with the resin. Active 
component does not contain any heavy metals, nor 
other substances which, according to the current de-
fi nition, are listed in the Biocides Directive (Directive 
98/8/EC). The biocomponent-based antifouling paint 
can alter physical and chemical natural parameters all 
around the hull, taking advantage of substances pre-
sent in the environment, according to the principle: 
produce in situ what you need and when you need it. 
The researcher has indeed considered that a micro-
effervescence produced by a treated surface would 
physically (mechanically) and chemically (indirectly) 
inhibit the colonization by microorganisms. 
In recent years, only some environmentally-friendly 
materials, such as wood [2] and concrete for urban bu-
ilding [3] and road maintenance [4-5], have been te-
sted for the possible direct effects on the environment. 
With regard to the “biocide-free” anti-fouling paints, 
a lot of research and experimental procedures have 
been carried out to demonstrate whether they are 
toxic or not [6-10], but no unanimous protocols have 
been developed yet, in order to assess whether they 
are completely non-hazardous for the environment 
[11].
The main purpose of this preliminary work was to eva-
luate the potential toxicity of several types of paints 
through the application of biological assays in accor-
dance with standardized bio-assay protocols.

 FIGURE 1  Results (expressed as growth rate %) of the algal 
bioassays on various classical anti-fouling paints by 
leaching protocol



R
es

ea
rc

h 
&

 d
ev

el
op

m
en

t

41
EAI    Energia, Ambiente e Innovazione    1/2014

Materials and methods

The study was carried out both on paintings that could 
be defi ned as classic and on innovative antifouling 
paintings. The containers used for the tests were 500 
mL glass beckers. 
The media used for antifouling paints were fi breglass 
slides 5 cm long and 5 cm wide, with a specifi c pri-
mer for each paint. The specimens are described as 
follows:
• VER_01 INNOVATIVA (acrylic resin matrix, transpa-

rent)
• VER_02 (hard matrix, high percentage in copper 

oxide, water-based, coloured)
• VER_03 (ablative, low percentage in zinc oxide, co-

loured)
• VER_04 (hard matrix, high percentage in zinc oxide, 

coloured)
• VER_05 (ablative, medium percentage in copper 

oxide and zinc oxide, coloured)
• VER_06 (hard matrix, medium percentage in copper 

oxide and low percentage in zinc oxide, coloured)
The leaching protocol included an extraction time of 
24 hours on an orbital shaker, at 20 ± 2°C (Ecotox Eco-
therm 80), and the leaching solution (natural seawater 
fi ltered 0.45 microns (Millipore)) was not renewed. In 
the case of VER_01 INNOVATIVA paint, in addition to 
the leaching protocol, during the 96h algal test the 
sample was left inside a becker and submerged in a 

solution where unicellular seaweeds were inoculated, 
following a direct contact protocol (Prova-1). 
The eco-toxicological assays that were applied are 
(i) the 96h growth inhibition using Phaeodactylum 
tricornutum Bohlin 1897 (Bacillariophyceae, Navicula-
les) (ISO 10253:2006), and (ii) the 48h mortality rate 
using Artemia franciscana Kellogg 1906 (Crustacea, 
Branchiopoda), as 2nd and 3rd nauplius stages (APAT-
IRSA-CNR 2003 n. 8060). The target species and pro-
tocols chosen for the biological assays, were not the 
ones generally used to evaluate the effectiveness of 
antifouling paints, but they were the standard ones 
used for the evaluation of the pollutants toxicity in 
the natural environment. In this trial soft changes to 
the protocol were adopted since no toxicity of con-
taminated solutions was evaluated, but the physical 

 FIGURES 2 AND 3  Results day by day (expressed as growth rate %) of the algal bioassays on innovative paints by leaching protocol and 
by direct contact protocol

 FIGURE 4  Long-term activity extrapolation of active component 
activity in a seawater solution
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(mechanical) and chemical (indirectly) effects of the 
active component.
In addition, the active component stability and acti-

vity were tested both in a seawater solution and, af-
ter entrapment, in a water-based contaminant-free 
polymeric resin (Crilat 4816-Vinavil) spread on fi ber-
glass slides. The analyses have been carried out using 
spectrophotometric techniques (Uvikon 923 UV/VIS) 
and gas sensitive electrodes (CyberScan pH 2100 
BenchMeter - Eutech Instruments, with ionoselective 
membrane Mettler Toledo).

Results

First of all, the comparison of the 2 bioassays that we 
chose to perform on classical anti-fouling paints has 
highlighted that Artemia did not show any differential 
effect, being non-toxic in all cases, whereas unicellular 
seaweeds were more sensitive, showing a differential 
toxic effect. Different growth inhibitions were obser-
ved, related to concentration of leachate: strong inhibi-
tion with whole sample (C5 100%) (Figure 1). 
Conversely, in the innovative paint sample only an ini-
tial inhibition of algal growth rates was observed, but 
the fi nal growth rates were subsequently comparable 
in the experimental and the control slides. During the 
experiment the algae were exposed both to leaching 
sample (Leaching) and to direct contact sample (Pro-
va-1) over a period of 96 hours. Indeed, focusing the 
discussion on the rate of growth related to the whole 
sample (C5 100%) in the P. tricornutum assay (Figures 
2 and 3), growth inhibition was observed during the 

 FIGURES 5 AND 6  Activity of active component (ISE electrode method) both in solution and entrapped on resin, compared to control
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fi rst 48h of exposure. In particular, after 24h there was a 
35% decrease in the leaching sample (Leaching) and a 
54% decrease if observing the results of direct contact 
protocol experiment (Prova-1), both compared to the 
control. After 48h, a decrease of about 10% was obser-
ved in both cases. After 72h and 96h, growth rates were 
similar to the control or even higher, with differences 
of about 5-10%.
Such results could not be associated to an active com-
ponent inactivation, since data on active component 
activity were also gathered for a seawater solution and 
a long-term activity. By the data extrapolation carried 
out, the activity duration was estimated to be of about 
6 months (Figure 4). 
In addition, it was shown that after entrapment in resin 
the active component remained active and generated 
micro-effervescence, whereas this effect was observed 
as a lower rate in the control (Figures 5 and 6).

Conclusions 

According to these results, we can conclude that the 
use of bioassays to test non-releasing and non-toxic 
innovative paints is nonetheless valid, although some 
changes in the exposition protocols, as well as com-
plementary data for result interpretation, are required. 
However, since the A. franciscana assay - which is com-
monly used to test the effi cacy of anti-fouling paints 
[12] – appeared to be defi nitely less sensitive than the 
algal assay with P. tricornutum, we plan to carry out 
further experiments using different types of assays 
on target and non-target species. With regard to the 
enzyme-based paints, we can conclude that this fi rst set 
of experiments have shown that the new product, which 
is active and stable for a considerably long time, does 
not induce sub-chronic toxicity. Further and innovative 
effi cacy and resistance tests will be developed.       ●


