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Abstract

Purpose — The purpose of this paper is to reduce the amount of copper in antifouling paints by using eugenol as an additive. Biofouling leads to
deterioration of any submerged material. The most widespread method for control is the application of cuprous oxide antifouling paints which are
toxic. First of all, the paper describes the effect of eugenol on larvae of Balanus amphitrite (fouling organism) under laboratory conditions and then
the preparation, application and performance of different types of antifouling paints in field trials.

Design/methodology/approach — Three types of soluble matrix antifouling paints were prepared with different pigments. The first one containing
16 per cent v/v copper, the second with 1.6 per cent copper and the third with 1.6 per cent copper + 2 per cent eugenol.

Findings — After 12 months of immersion in Mar del Plata harbour paints containing 1.6 per cent copper + eugenol and 16 per cent copper were
the most effective. Although these formulations showed a similar performance, copper + eugenol-based paint contains 90 per cent lesser copper
than a traditional copper-based formulation.

Originality/value — The use of antifouling paints with copper + eugenol combination as pigment is a promising alternative due to its performance,
low cost and reduction in copper leaching to environment.

Keywords Copper, Organic compounds, Antifouling paints, Marine biology, Micro-organisms

Paper type Research paper

Introduction Although copper is an essential element for the normal growth
of organisms, high concentrations can be lethal (Voulvoulis
et al., 1999). The copper used in antifouling paints has harmful
effects not only on the fouling community organisms but also on
non-target species such as fish, macro and micro algae, diatoms
and bivalves, among others (Chapman, 1978; Brooks and
Mahnken, 2003; Andrade ez al., 2004; Lim ez al., 2006; Munari
and Mistri, 2007; Falasco ez al., 2009). In addition, several cases
of copper bioaccumulation in marine organisms, such as urchins,
lobsters and oysters, have been reported (Claisse and Alzieu,
1993; Chou er al., 2000, 2003; Radenac et al., 2001).

In this context, the search and identification of natural
products that can be combined with small quantities of copper
to be included as antifouling pigment is a promising
alternative.

Essential oils extracted from plants are widely used in folk
medicine, food preservation, cosmetic and pharmaceutical
industries (Pascual er al., 2001; Burt, 2004; Edris, 2007;
Kamatou er al., 2012). Although these compounds have
natural origin, some of them could be obtained by laboratory
synthesis, and this is an advantage from the point of view of
their availability.

In this study, antifouling properties of eugenol were
evaluated under laboratory and field trials. This compound is
a clear to pale yellow oily liquid common in certain essential
oils, especially clove, nutmeg and cinnamon. It is slightly

In the aquatic environment, all immersed substrate (natural or
artificial) is immediately colonized by a succession of
organisms known as biofouling. This phenomenon can result
in a great loss of function and effectiveness for both cruising
ships and static constructions (Chambers ez al., 2006; Pinori
et al., 2011). It is well-established that biofouling on ships
increases the surface roughness of the hull; it causes increased
frictional resistance and fuel consumption, and decreased top
speed and range (Lewthwaite ez al., 1985; Leer-Andersen and
Larsson, 2003; Schultz ez al., 2011).

The use of antifouling paints is a commonly used method to
prevent organism settlement. However, most of these coatings
incorporate biocides which are toxic to marine ecosystem. In
this sense, organotins were not only the most effective
antifouling agents known, but also among the most toxic
biocides ever introduced because they are not readily
degraded in the natural environment and because they act on
both target and non-target organisms (Qian ez al., 2010). The
ban on harmful substances in antifouling paints requires the
development of new antifouling strategies; consequently,
development of alternative compounds should be encouraged
(Yebra er al., 2004). It is clear that alternatives should be as
effective as conventional paints, but of lower toxicity and
friendly to the environment. However, a complete change
towards non-toxic antifouling coatings implies a gradual
reduction in copper content in conventional coatings still in use.
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soluble in water and in organic solvents too (Bhuiyan er al.,
2010; Mallavarapu et al., 1995) (Figure 1).

Eugenol is commonly used as flavouring and in perfumery
industry. It has antiseptic, antimicrobial and insecticidal
properties, and it is also used as a local anaesthetic in dentistry
and as a anticorrosive agent (Enan, 2001; Vazquez ez al., 2001;
Chaieb ez al., 2005; Braga et al., 2007; Kamatou ez al., 2012).
It is important to remark that this compound is degraded in
the environment by photolysis and biodegradation (Tadasa,
1977; Rabenhorst, 1996; Isman, 2000; Overhage ez al., 2002;
Amat et al, 2005; Kadakol and Kamanavalli, 2010).
Particularly, antimicrobial properties of eugenol suggest that it
could interfere on natural fouling succession (Bhattarai er al.,
2007).

The aim of the present paper is to evaluate antifouling
properties of eugenol in laboratory tests and then formulate
marine coatings with low copper content and eugenol as an
additive. The employment of low copper content in marine
coating formulations would reduce the input of contaminants
not only to water and sediments but also to the biota.

Experimental

Materials

Bioassays were carried out using Balanus amphitrite nauplii
and cyprids larvae. The barnacle B. amphitrite is a typical
species of fouling organisms at Mar del Plata harbour,
Argentine (38°08'17"°S, 57°31'18"°W). It is considered one of
the most successful and aggressive species as a consequence of
its calcareous exoskeleton (Koryakova and Korn, 1993).

Methods for laboratory tests

For toxicity test, the effect of each eugenol solution was tested
using B. amphitrite nauplii II. Larvae were collected from
adults 2-4 hours before starting bioassays. Toxicity tests were
realized by adding 30 nauplii into crystallizing vessels
containing 30 ml of either eugenol solutions between 0.015
and 1.5 uM or filtered seawater as control. The number of
swimming nauplii and phototactic response were recorded
after exposure to solutions for 24 hours at 22 = 2°C. The
lethal concentration for 50 per cent of nauplii (ILCs,) is used
to identify toxic compounds and it was determined using
Probit analysis. Non-swimming larvae were regarded as dead
(Rittschof er al., 1992).

For the settlement test, newly metamorphosed cyprids were
maintained in filtered seawater for four days at 6°C before
being used in settlement assays (Rittschof er al, 1992).
Twenty cyprids were introduced into crystallising vessels with
30 ml of each eugenol solution for 24 hours at 22 = 2°C.
When larvae did not swim or close their valves or if their
appendages were extended and they did not respond when
touched with a metal probe, they were counted as inactive
cyprids. Concentrations used for the bioassays were the same
as those used for the toxicity test.

Figure 1 Eugenol structure
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The percentages of swimming, inactive and settled individuals
were determined by counting under a dissecting microscope,
and the results are expressed as a proportion of the total
number of larvae in the vessel. Settlement data for EC,,
(concentrations of eugenol solutions causing settlement
inhibition in 50 per cent of experimental organisms) were
obtained by normalizing settlement values to control prior to
analysis. EC5, was determined by Probit analysis.

In the laboratory, toxic compounds are not differentiated
from narcotic compounds, and for this reason, larvae were
placed in seawater to determine if they recovered. After a
24-hour exposure to eugenol solutions, nauplii and cyprids
were transferred to clean seawater to determine whether the
effects observed were temporary or permanent.

All experiments were performed as five replicates and controls.
As the data obtained were normally distributed (Shapiro-Wilk’s
normality test), they were analysed by analysis of variance
(ANOVA) and Tukey pairwise comparison tests. The level of
significance was set at p less than 0.05.

Methods for field tests

Paints were prepared at laboratory scale in a ball mill (1L jar).
Colophony (WW rosin) was used as binder and oleic acid as
plasticiser. The operating conditions of the ball mill were
chosen so as to achieve an efficient dispersion. The ball mill
was loaded with the vehicle (binder + plasticizer + solvents)
followed by pigments and were dispersed during 24 hours
(Table I).

Sandblasted acrylic tiles (8 X 12 cm?) were used for field
trials. Paints were applied by brush on tiles previously
de-greased with toluene. Three coats of paint were applied
and allowed to dry for 24 hours between each application,
resulting in a final dry thickness of 100 = 5 um. Then, coated
panels were hung in a marina in Club de Motonautica at Mar
del Plata harbour to a depth of 50 cm below the water line.
Painted panels and controls were sampled after 12 months
immersion, and fouling cover percentage was evaluated under
a stereomicroscope (Foster ez al., 1991). A series of unpainted
acrylic tiles was used to establish fouling community
development. All treatments were performed by triplicate and
were statistically analysed by ANOVA and Tukey pairwise
comparison tests. The level of significance was set at p less
than 0.05.

Results and discussion

Laboratory tests
Toxicity test performed with nauplii of Balanus amphitrite
showed a marked inhibitory effect of eugenol, with LC;, =

Table I Paint composition expressed as volume percentage

Cu +
Components PCl PCll eugenol
Cuprous oxide 16.0 1.6 1.6
Calcium carbonate 11.0 254 234
Eugenol - - 2.0
Colophony 27.0 27.0 27.0
Oleic acid 6.0 6.0 6.0
Solvents (xylene/white spirit) (4:1) 40.0 40.0 40.0
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0.094 uM after 24 hours of exposure (Figure 2). All organisms
exposed to different concentrations of eugenol recovered
normal activity when they were transferred to clean seawater,
i.e. the inhibitory effect was temporary.

The anti-settlement activity of eugenol was evaluated by
exposure of cyprids for 24 hours. Significant differences on
cyprids settlement percentage for all assayed concentrations
versus control were detected (ANOVA test, p < 0.05). The
eugenol threshold molarity which inhibited larval settlement
was 0.015 uM and the EC;, value obtained was 0.023 uM
(Figure 3).

The therapeutic ratio (TR), LC5,/EC5, is a way of
expressing the effectiveness of the compound in relation to
its toxicity. It is calculated to determine whether settlement
inhibition is due to toxic action or some other mechanism
(Vitalina ez al., 1991; Rittschof er al., 1994). From the
perspective of potency for use in an antifouling coating, the
desired target ratio should be greater than 1.0 (Rittschof

Figure 2 Inhibition of B. amphitrite nauplii | after a 24-hour
exposition in eugenol solutions. Bars indicate mean = SE
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Figure 3 Effect of eugenol solutions on B. amphitrite cyprids
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et al., 2003). Eugenol is of particular interest because it shows
good anti-settlement activity at concentrations that were not
acutely toxic to barnacle larvae, with a TR = 4.09, thus satisfying
the abovementioned criterion. Additionally, the effect can be
reversed by the removal of larvae from the eugenol solutions,
demonstrating that eugenol acts through a nontoxic mechanism.

As the International Maritime Organization (IMO) (2007)
prohibits the use of organotins in antifouling paints,
alternative biocides were developed. In this context, several
compounds have been presented. The most frequently used
booster biocides worldwide are Irgarol 1051, diuron,
Sea-Nine 211, chlorothalonil, dichlofluanid and zinc
pyrithione, and some of these compounds have also been
found to accumulate in coastal waters at levels that are
harmful for marine organisms (Omae, 2003; Konstantinou
and Albanis, 2004; Bellas, 2006; Thomas and Brooks,
2010). Therefore, the use of non-toxic natural compounds
such as eugenol is a promising way to reduce the copper
content in antifouling paints.

Field tests

In a previous paper (Bhattarai er al., 2007), the use of
eugenol for antifouling control was proposed. However,
authors have conducted field trials using a vinyl varnish
containing 10 per cent of eugenol. Even though their results
were promising, further research is needed to develop an
antifouling paint, i.e. development and improvement of the
formulation.

After 12 months of immersion in Mar del Plata harbour,
paints containing 16 per cent copper (PCI) and copper +
eugenol were the most effective because they showed
significant differences on fouling cover percentage for both
PCII (1.6 per cent copper) and acrylic panels (p < 0.05).
On the other hand, no differences on cover percentage
between copper + eugenol and PCI paints were registered
(p > 0.05) (Figure 4). Although both paints showed similar
performances, it is important to note that the use of copper +
eugenol as antifouling pigment allowed a higher reduction in
copper content in the order of ten times in comparison with
cuprous oxide-based paints. Based on the present findings, it
could be inferred that eugenol is also responsible for
antifouling action. In contrast, PCII paint was unable to
significantly reduce biofouling settlement because the
concentration of copper was not sufficient.

To switch to biocide-free, non-copper, biodegradable
coatings will demand time due to the process requires
ormulation development, ecotoxicological risk assessment,
industrial-scale production and market inclusion (Rittschof,
2000, 2009; Hellio et al, 2002). The ban on harmful
substances in antifouling paints requires the development of
new strategies. In the past years, a variety of approaches have
been undertaken to replace toxics containing in antifouling
paints. One of the alternatives is focused on reducing copper
content by the incorporation of additives which should keep
good performance, low cost and low toxicity to the
environment.

In previous studies, good performances with antifouling
paints based on low copper content pigments were
obtained. The use of cuprous thiocyanate, core-shell
pigments and cupric tannate reduced high copper content
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Figure 4 Painted and control panels after 12 months exposure

(a) (b)
Notes: (a) acrylic; (b) PCII; (¢) PCI; (d) Cuteugenol

in relation to traditional antifouling paints (Vetere ez al.,
1997; Pérez er al., 2003, 2006). Although in such cases, the
reduction of copper content was very important, the
industrial process to prepare these antifouling pigments
implies an economic investment. In contrast, our efforts are
focused to obtain new antifouling paint formulations
involving the use of cheap raw materials available in the
market, such as cuprous oxide and eugenol.

Conclusions

Eugenol is a potent inhibitor of nauplii and cyprid larvae of
Balanus amphitrite by a nontoxic mechanism. It is important to
remark that the effectiveness of paints formulated with copper +
eugenol was similar to paints containing 16 per cent copper.
However, copper + eugenol-based paint contains 90 per cent
lesser copper than traditional copper-based formulations.

These facts suggest that eugenol is a suitable additive to
reduce the amount of copper in antifouling paints.

References

Amat, A., Arques, A., Lopez, F. and Miranda, M. (2005),
“Solar photo-catalysis to remove paper mill wastewater
pollutants”, pusisuskiesusy. Vol. 79 No. 4, pp. 393-401.

Andrade, L., Farina, M. and Amado Filho, G. (2004), “Effects
of copper on Enteromorpha flexuosa (Chlorophyta) in vitro”,

, Vol. 58 No. 1,
pp. 117-125.

Bellas, J. (2006), “Comparative toxicity of alternative
antifouling biocides on embryos and larvae of marine
invertebrates”, , Vol. 367
Nos 2/3, pp. 573-585.

Bhattarai, H., Paudel, B., Park, N., Lee, K. and Shin, H.
(2007), “Evaluation of antifouling activity of eight
commercially available organic chemicals against the early
foulers marine bacteria and Ulva spores”, Fournal of
Environmental Biology, Vol. 28 No. 4, pp. 857-863.

Bhuiyan, N., Begum, J., Nandi, N. and Akter, F. (2010),
“Constituents of the essential oil from leaves and buds of
clove (Syzigium caryophyllatum (L.) Alston)”, African
Fournal of Plant Science, Vol. 4 No. 11, pp. 451-454.

Braga, P., Dal Sasso, M., Culici, M. and Alfieri, M. (2007),
“Eugenol and thymol, alone or in combination, induce

119

Volume 44 + Number 2 - 2015 - 116-121

(©) (@

morphological alterations in the envelope of Candida
albicans”, jiscisigdeg, Vol. 78 No. 6, pp. 396-400.

Brooks, K. and Mahnken, C. (2003), “Interactions of Atlantic
salmon in the Pacific Northwest environment. III.
Accumulation of zinc and copper”, NN
Vol. 62 No. 3, pp. 295-305.

Burt, S. (2004), “Essential oils: their antibacterial properties
and potential applications in foods-a review”, ittt

, Vol. 94 No. 3, pp. 223-253.

Chaieb, E., Bouyanzer, A., Hammouti, B. and
Benkaddou, M. (2005), “Inhibition of the corrosion of steel
in 1 M HCIl by eugenol derivatives”, || EGczcIzININING
Vol. 246 Nos 1/3, pp. 199-206.

Chambers, L., Stokes, K., Walsh, F. and Wood, R. (2006),
“Modern approaches to marine antifouling coatings”,

, Vol. 201 No. 6,
pp. 3642-3652.

Chapman, G. (1978), “Toxicities of cadmium, copper, and
zinc to four juvenile stages of Chinook salmon and
steclhead”, | RN
Vol. 107 No. 6, pp. 841-847.

Chou, C., Paon, L., Moffat, J. and Zwicker, B. (2000),
“Copper contamination and cadmium, silver, and zinc
concentrations in the digestive glands of American lobster
(Homarus americanus) from the inner Bay of Fundy,
Atlantic Canada”,

s, Vol. 65 No. 4, pp. 948-956.

Chou, C., Haya, K., Paon, L. and Moffat, J. (2003), “Metals
in the green sea urchin (Strongylocentrotus droebachiensis)
as an indicator for the near-field effects of chemical wastes
from salmon aquaculture sites in New Brunswick, Canada”,

bl
Vol. 70 No. 5, pp. 948-956.

Claisse, D. and Alzieu, C. (1993), “Copper contamination as
a result of antifouling paint regulations?”, N
Bullezy, Vol. 26 No. 7, pp. 395-397.

Edris, A. (2007), “Pharmaceutical and therapeutic potentials
of essential oils and their individual volatile constituents: a

review”, | IIIIINNNNINEEE. Vo!. 21 No. 4, pp. 308-323.

Enan, E. (2001), “Insecticidal activity of essential oils:

octopaminergic sites of action”, | N N EE NN


http://www.emeraldinsight.com/action/showImage?doi=10.1108/PRT-03-2014-0022&iName=master.img-003.jpg&w=343&h=161
http://www.emeraldinsight.com/action/showLinks?crossref=10.1002%2Fptr.2072
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.solener.2005.02.021
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2Fs001280000148
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2Fs001280000148
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.apsusc.2004.11.011&isi=000229344800028
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS1532-0456%2801%2900255-1
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0147-6513%2803%2900106-4&isi=000221164800017
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.fitote.2007.02.022
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2Fs00128-003-0074-5
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.scitotenv.2006.01.028
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.surfcoat.2006.08.129
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0165-7836%2803%2900065-1
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2F0025-326X%2893%2990188-P
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2F0025-326X%2893%2990188-P
http://www.emeraldinsight.com/action/showLinks?crossref=10.1577%2F1548-8659%281978%29107%3C841%3ATOCCAZ%3E2.0.CO%3B2
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.ijfoodmicro.2004.03.022&isi=000222888700001
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.ijfoodmicro.2004.03.022&isi=000222888700001

Downloaded by Doctor Guillermo Blustein At 05:54 03 March 2015 (PT)

Nontoxic antifouling paints

Pigment & Resin Technology

Ménica Garcia, Mirta Stupak, Miriam Pérez and Guillermo Blustein

I, /1. 130

No. 3, pp. 325-337.

Falasco, E., Bona, F., Badino, G., Hoffmann, L. and Ector, L.
(2009), “Diatom teratological forms and environmental
alterations: a review”, jrmsusbesieses. Vol. 623 No. 1,
pp- 1-35.

Foster, M., Harrold, C. and Hardin, D. (1991), “Points
versus photo quadrat estimates of the cover of sessile marine
organisms”,

Eealogy, Vol. 146 No. 2, pp. 193-203.

Hellio, C., Berge, J., Beaupoil, C., Le Gal, Y. and
Bourgougnon, N. (2002), “Screening of marine algal
extracts for anti-settlement activities against microalgae and
macroalgae”, Rigdudiag, Vol. 18 No. 3, pp. 205-215.

International Maritime Organization (IMO) (2007),
“International convention on the control of harmful
anti-fouling systems on ships”, available at: www.imo.org/
includes/blastDataOnly.asp/data_id%3D20019/14.pdf

Isman, M. (2000), “Plant essential oils for pest and disease
management”, IS, Vol 19 Nos 8/10,
pp. 603-608.

Kadakol, J. and Kamanavalli, C. (2010), “Biodegradation of
eugenol by Bacillus cereus strain PN24”, | EENENGNE.
Vol. 7, pp. 474-480, available at: www.e-journals.net

Kamatou, G., Vermaak, I. and Viljoen, A. (2012),
“Eugenol-from the remote Maluku Islands to the international
market place: a review of a remarkable and versatile molecule”,
Adaleales, Vol. 17 No. 6, pp. 6953-6981.

Konstantinou, I. and Albanis, T. (2004), “Worldwide
occurrence and effects of antifouling paint booster biocides
in the aquatic environment: a review”, ittt
iissesisssesd. Vol. 30 No. 2, pp. 235-248.

Koryakova, M. and Korn, O. (1993), “Using barnacle larvae
for evaluation of the toxicity of antifouling paints
compounds”, Russian Fournal of Marine Biology, Vol. 19
No. 1, pp. 212-216.

Leer-Andersen, M. and Larsson, L. (2003), “An experimental/
numerical approach for evaluating skin friction on full-scale
ships with surface roughness”, Fournal of Marine Science and
Technology, Vol. 8 No. 1, pp. 26-36.

Lewthwaite, J., Molland, A. and Thomas, K. (1985), “An
investigation into the variation of ship skin frictional
resistance with fouling”, Transactions of the Royal Institute of
Naval Archives, Vol. 127 No. 1, pp. 269-284.

Lim, C., Yoo, Y., Sidhartan, M., Ma, C., Bang, J., Kim, J.,
Lee, K., Park, N. and Shin, H. (2006), “Effect of copper (I)
oxide growth and biochemical compositions of two marine
microalgae”, Fournal of Environmental Biology, Vol. 27
No. 3, pp. 461-466.

Mallavarapu, G., Ramesh, S., Chandrasekhara, R., Rajeswara, B.,
Kaul, P. and Bhattacharya, A. (1995), “Investigation of the
essential oil of cinnamon leaf grown at Bangalore and
Hyderabad”, , Vol. 10 No. 4,
pPp. 239-242.

Munari, C. and Mistri, M. (2007), “Effect of copper on the
scope for growth of clams (Tapes philippinarum) from a
farming area in the Northern Adriatic Sea”, Adgiue

I Vo!. 64 No. 3, pp. 347-357.

120

Volume 44 - Number 2 - 2015 - 116—121

Omae, 1. (2003), “Organotin antifouling paints and their
alternatives”, , Vol. 17
No. 2, pp. 81-105.

Overhage, J., Steinbiichel, A. and Priefert, H. (2002),
“Biotransformation of eugenol to ferulic acid by a
recombinant strain of Ralstonia eutropha H16”, giikishadisl

, Vol. 68 No. 9, pp. 4315-4321.

Pascual, M., Slowing, K., Carretero, E., Sanchez Mata, D.
and Villar, A. (2001), “Lippia: traditional uses, chemistry
and pharmacology: a review”, 5
Vol. 76 No. 3, pp. 201-214.

Pérez, M., Blustein, G., Garcia, M., del Amo, B. and
Stupak, M. (2006), “Cupric tannate: a low copper content
antifouling pigment”, , Vol. 55
No. 4, pp. 311-315.

Pérez, M., Garcia, M., del Amo, B., Blustein, G. and
Stupak, M. (2003), “Core-shell pigments in antifouling
paints”,

Eitiisisae. Vol. 86 No. 4, pp. 259-262.

Pinori, E., Berglin, M., Brive, L., Hulander, M.,
Dahlstrom, M. and Elwing, H. (2011), “Multi-seasonal
barnacle (Balanus improvisus) protection achieved by trace
amounts of a macrocyclic lactone (ivermectin) included in
rosin-based iadeulag, Vol. 27 No. 9,
pp. 941-953.

Qian, P., Xu, Y. and Fusetani, N. (2010), “Natural products
as antifouling compounds: recent progress and future
perspectives”, Raakaulag. Vol. 26 No. 2, pp. 223-234.

Rabenhorst, J. (1996), “Production of methoxyphenol-type
natural aroma chemicals by biotransformation of eugenol
with a new Pseudomonas sp”,
easenbsinmy. Vol. 46 Nos 5/6, pp. 470-474.

Radenac, G., Fichet, D. and Miramand, D. (2001),
“Bioaccumulation and toxicity of four dissolved metals in
paracentrotus lividus sea-urchin embryo”, Adguug
I Vol 51 No. 2, pp. 151-166.

Rittschof, D. (2000), “Natural products antifoulants: one
perspective on the challenges related to coating
development”, Rigkeidg, Vol. 15 Nos 1/3, pp. 119-127.

Rittschof, D., Ali, C., Kok, L. and Teo, S. (2003),
“Pharmaceuticals as antifoulants: concept and principles”,
eadeidag, Vol. 19 No. 1, pp. 207-212.

Rittschof, D. (2009), Advances in Marine Antifouling Coatings
and Technologies, Woodhead Publishing, Cambridge.

Rittschof, D., Clare, A., Gerhart, D., Avelin, M. and
Bonaventura, J. (1992), “Barnacle in vitro assays for
biologically active substances: toxicity and settlement assays
using mass cultured Balanus amphitrite amphitrite
Darwin”, Rigiguid, Vol. 6 No. 2, pp. 115-122.

Rittschof, D., Sasikumar, N., Murlless, D., Clare, A.,
Gerhart, C. and Bonaventura, J. (1994), Recent
Developments in  Biofouling Control, Oxford and IBH
Publications, New Delhi.

Schultz, M., Bendick, J., Holm, E. and Hertel, W. (2011),
“Economic impact of biofouling on a naval surface ship”,
Riakeidag, Vol. 27 No. 1, pp. 87-98.

Tadasa, K. (1977), “Degradation of eugenol by a
microorganism”, 5
Vol. 41 No. 6, pp. 925-929.

M »
coatings”,


http://www.imo.org/includes/blastDataOnly.asp/data_id%3D20019/14.pdf
http://www.imo.org/includes/blastDataOnly.asp/data_id%3D20019/14.pdf
http://www.e-journals.net
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.marenvres.2007.02.006
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.marenvres.2007.02.006
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F08927014.2010.542809
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.porgcoat.2005.11.014
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F08927010290010137
http://www.emeraldinsight.com/action/showLinks?crossref=10.3390%2Fmolecules17066953
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2Fs002530050846
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2Fs002530050846
http://www.emeraldinsight.com/action/showLinks?crossref=10.1002%2Faoc.396
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS1532-0456%2801%2900255-1
http://www.emeraldinsight.com/action/showLinks?crossref=10.1271%2Fbbb1961.41.925
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2FBF02699497
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2FBF02699497
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0160-4120%2803%2900176-4
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0160-4120%2803%2900176-4
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0141-1136%2800%2900092-1
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0141-1136%2800%2900092-1
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F08927019209386217
http://www.emeraldinsight.com/action/showLinks?crossref=10.1128%2FAEM.68.9.4315-4321.2002
http://www.emeraldinsight.com/action/showLinks?crossref=10.1128%2FAEM.68.9.4315-4321.2002
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2Fs10750-008-9687-3
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0261-2194%2800%2900079-X
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F08927014.2011.616636
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F08927010009386303
http://www.emeraldinsight.com/action/showLinks?crossref=10.1002%2Fffj.2730100403
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0378-8741%2801%2900234-3
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2F0022-0981%2891%2990025-R
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2F0022-0981%2891%2990025-R
http://www.emeraldinsight.com/action/showLinks?crossref=10.1155%2F2010%2F364637
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F08927010903470815
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F0892701021000083769

Downloaded by Doctor Guillermo Blustein At 05:54 03 March 2015 (PT)

Nontoxic antifouling paints

Pigment & Resin Technology

Ménica Garcia, Mirta Stupak, Miriam Pérez and Guillermo Blustein

Thomas, K. and Brooks, S. (2010), “The environmental fate
and effects of antifouling paint biocides”, Rigiaikg. Vol. 26
No. 1, pp. 73-88.

Vazquez, B., Fente, C., Franco, C., Vazquez, M. and Cepeda, A.
(2001), “Inhibitory effects of eugenol and thymol on
Penicillium citrinum strains in culture media and cheese”,

, Vol. 67 Nos 1/2,
pp. 157-163.

Vetere, V., Pérez, M., Romagnoli, R., Stupak, M. and
del Amo, B. (1997), “Solubility and toxic effect of the
cuprous thiocyanate antifouling pigment on barnacle
larvae”, , Vol. 69
No. 866, pp. 39-45.

Vitalina, S., Avelin, S., Rittschof, D., Sarojini, R. and
Nagabhushanam, R. (1991), Bioactive Compounds from
Marine Organisms, Oxford and IBH Publishing, New Delhi.

Voulvoulis, N., Scrimshaw, M. and Lester, J. (1999),
“Alternative antifouling biocides”,
fmbgigstay. Vol. 13 No. 3, pp. 35-143.

Yebra, D., Kiil, S. and Dam-Johansen, K. (2004),
“Antifouling technology-past, present and future steps

towards efficient and environmentally friendly antifouling
coutings”, N Vo. 50 No. 2.

pp. 75-104.

About the authors

Monica Garcia graduated from the Facultad de Ciencias
Naturales y Museo, Universidad Nacional de La Plata in
1999, receiving the degree of Specialist in Zoology. She has
been employed in the Centro de Investigacion y Desarrollo en
Tecnologia de Pinturas (CIDEPINT) since 1993 sponsored
by Comisién de Investigaciones Cientificas de la Provincia de

Volume 44 - Number 2 - 2015 - 116—121

Buenos Aires (CICPBA). Her research and development areas
are related to fouling control by means of non-toxic
biodegradable alternatives.

Mirta Stupak graduated from the Facultad de Ciencias
Exactas y Naturales, Universidad Nacional de Buenos Aires in
1975, receiving the degree of Specialist in Marine Biology. She
has been employed in the CIDEPINT since 1981 sponsored
by Consejo Nacional de Investigaciones Cientificas y Técnicas
(CONICET). Her research and development areas are related
to culture of fouling organisms and larval bioassays.

Miriam Pérez graduated from the Facultad de Ciencias
Naturales y Museo, Universidad Nacional de La Plata. She
defended her doctoral thesis in the Facultad de Ciencias
Naturales y Museo, Universidad Nacional de La Plata in
2012. She has been employed in the CIDEPINT since 1985
and sponsored by CICPBA and CONICET. Her research and
development areas are related to the study of fouling
community and search of new non-toxic products for fouling
control.

Guillermo Blustein graduated from the Faculty of Exact
Science, La Plata National University (UNLP). He defended
his doctoral thesis in the Faculty of Exact Science, UNLP in
2005. He has been employed in the CIDEPINT since 1999.
His research is sponsored by CONICET since 2006.
Moreover, he is Professor of Organic Chemistry in the Faculty
of Agricultural Sciences and Forestry at LLa Plata National
University since 2012. His research and developmentareas
are: corrosion, anticorrosive pigments, anticorrosive coatings,
antifouling pigments, antifouling coatings. Guillermo Blustein
is the corresponding author and can be contacted at:
antifouling@cidepint.gov.ar

For instructions on how to order reprints of this article, please visit our website:

www.emeraldgrouppublishing.com/licensing/reprints.htm
Or contact us for further details: permissions@emeraldinsight.com

121


mailto:antifouling@cidepint.gov.ar
mailto:permissions@emeraldinsight.com
http://www.emeraldinsight.com/action/showLinks?crossref=10.1007%2FBF02696144
http://www.emeraldinsight.com/action/showLinks?crossref=10.1080%2F08927010903216564
http://www.emeraldinsight.com/action/showLinks?crossref=10.1002%2F%28SICI%291099-0739%28199903%2913%3A3%3C135%3A%3AAID-AOC831%3E3.0.CO%3B2-G
http://www.emeraldinsight.com/action/showLinks?crossref=10.1002%2F%28SICI%291099-0739%28199903%2913%3A3%3C135%3A%3AAID-AOC831%3E3.0.CO%3B2-G
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2FS0168-1605%2801%2900429-9
http://www.emeraldinsight.com/action/showLinks?crossref=10.1016%2Fj.porgcoat.2003.06.001&isi=000221487000001

