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Abstract

The International Maritime Organisation’s (IMO) ban on the use of tributyltin in antifouling paints has inevitability increased the use
of old fashioned antifoulants and/or the development of new paints containing ‘booster biocides’. These newer paints are intended to be
environmentally less harmful, however the broader environmental effects of these ‘booster biocides’ are poorly known. Germination and
growth inhibition tests using the marine macroalga, Hormosira banksii (Turner) Desicaine were conducted to evaluate the toxicity of four
new antifouling biocides in relation to tributyltin-oxide (TBTO). Each of the biocides significantly inhibited germination and growth of
Hormosira banksii spores. Toxicity was in increasing order: diuron < zineb < seanine 211 < zinc pyrithione < TBTO. However, the lack
of knowledge on partitioning in the environment makes it difficult to make a full assessment on whether the four biocides tested offer an
advantage over organotin paints in terms of environmental impact.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Fouling, or the settlement and growth of marine organ-
isms on submerged structures, is estimated to have a global
cost of more than $3 billion annually (Jacobson and Will-
ingham, 2000). Organisms attached to ship hulls leads to
increased frictional resistance of the ship therefore decreas-
ing speed and increasing fuel consumption. For instance,
Fernandez-Alba et al. (2002) estimated that a 1 mm thick

layer of algal slime increases hull friction by 80%, and fuel
consumption by 17%. Fouling also increases the need for
ships to be out of action for hull cleaning which adds fur-
ther to costs of the shipping industry (Boxall et al., 2000;
Evans et al., 2000; Turley et al., 2000; Terlizzi et al.,
2001). The common solution to avoid fouling is to make
submerged surfaces unsuitable for settlers usually by coat-
ing surfaces with antifouling paints.

Antifouling paints have been used for over 100 years to
protect submerged structures. These paints contain chemi-
cal compounds (biocides), which are released from the
paint matrix, to provide a constant threshold concentration
of the biocide in the water, therefore inhibiting the develop-
ment of fouling communities (Boxall et al., 2000; Terlizzi
et al., 2001). Organotin biocides have played a major role
in reducing the effects of fouling, especially in improving
the economy of the shipping industry. Tributyltin (TBT),
an organotin biocide, was introduced onto the market in
the mid 1960s and until recently, was the most commonly
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used antifouling agent. However, TBT spreads from ships
hulls and submerged structures and accumulates in marine
environments and in biota. The toxic effects of TBT have
been observed in non-target invertebrates, micro- and
macro-algae (EPA, 1993; Jacobson and Willingham,
2000; Terlizzi et al., 2001). These effects first became appar-
ent in the late 1970s (EPA, 1993), and it was subsequently
found that many semi-enclosed water bodies with intensive
shipping had become contaminated with TBT. These
impacts induced many governments to restrict the use of
organotin-based biocides, and in 2003 the International
Maritime Organization (IMO) banned the application of
organotin biocides. The IMO further requires that by
2008 all vessels be free of organotin coatings (Evans
et al., 2000; Turley et al., 2000; Maraldo and Dahllof,
2004).

The IMOs restrictions have led to the development of
new paints incorporating ‘booster biocides’. These boos-
ter biocides are used to improve the efficiency of the
paint’s formulation, predominantly by inhibiting the
primary growth of fouling organisms (Voulvoulis et al.,
1999; Terlizzi et al., 2001; Thomas et al., 2001). Currently
there are nine booster biocides approved for use in ama-
teur and professional antifouling products. These are
chlorothalonil, dichlofluanid, Igarol 1051, TCMS pyri-
dine, TCMTB, diuron, kathon 925 and 5287 (otherwise
known as seanine 211), zinc pyrithione (Zpt) and zineb
(Voulvoulis et al., 1999; Boxall et al., 2000; Thomas
et al., 2001). These biocides are intended to be environ-
mentally less harmful compared to the organotin bio-
cides, however the environmental effects of these
‘booster biocides’ are poorly known. This is due in part
to their recent introduction, limited usage as biocides
and a perception that they are less toxic than TBT (Evans
et al., 2000; Terlizzi et al., 2001; Maraldo and Dahllof,
2004).

Australian authorities rely heavily on data obtained
from overseas species to determine the risks associated with
exposure to biocides in aquatic environments. Australia
has a diverse range of marine ecosystems, some unique,
which may have different sensitivities compared with Euro-
pean and American species. Therefore, it may not always
be appropriate to base guidelines on the sensitivities and
responses of northern hemisphere species. There is a need
to evaluate the impacts of the new biocide formulations
on local Australian temperate species.

Hormosira banksii is an important representative of the
macroalgal communities of temperate Australia. This spe-
cies provides shelter and microhabitat for a number of
marine organisms including worms, crustaceans and mol-
luscs, and is found on rock platforms surrounding areas
of high shipping activity. Hormosira banksii is therefore
at risk of being exposed to the effects of biocides.

The aim of this study was to evaluate the toxicity of four
new biocides in relation to tributyltin-oxide (TBTO) by
measuring impacts on H. Banksii (Turner) Desicaine ger-
mination and growth.

2. Materials and methods

2.1. Bioassay protocol

Hormosira banksii portions were collected at low tide
from 13th Beach, Barwon Heads, Victoria, Australia
(Fig. 1) and transported back to the laboratory (18–
20 �C), placed onto a flat surface lined with paper towel
and allowed to dry for 2 h at 18–20 �C. Algae were then
placed into brown paper bags and stored overnight at
4 �C. Gamete release was initiated according to the proce-
dure of Myers et al. (in press). In short, Hormosira banksii

portions were placed into warmed natural seawater
(30 �C) for 30 s then laid out on clean paper towel so no
one alga touched another alga. Gamete release occurred
within minutes. Female gametes were observed as a green
extrusion on the plant’s surfaces and were collected first fol-
lowed by male gametes, which extruded as an orange colour
on the plant’s surface. The density of eggs and sperm was

Fig. 1. Map of Australia showing location of sampling sites for Hormosira

banksii. Inset shows a map of Victoria and a map of the Bellarine
Peninsula, region where 13th Beach, Barwon Heads is located.
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