
German ship trials 

A future for 

biocide-free 
antifouling systems
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Antifouling paints
containing biocides are
used on ship hulls to
prevent organisms from
growing on the bottom of
boats. Fouling organisms
include both animals 
(e.g. barnacles, molluscs,
polychaete worms,
encrusting hydroids,
bryozoa and sea squirts)
and plants (e.g. green, 
red and brown algae and
diatoms). By settling or
clinging onto a ship’s 
hull, these fouling
organisms can cause
higher fuel consumption
due to increased drag,
and interfere with the
performance and
durability of the craft.
Tributylin (TBT), known 
for its highly toxic and
endocrine-disrupting
properties, has been 
the biocide most
frequently used in
antifouling paints over t
he past three decades.

Because of the
detrimental impacts of
TBT, its use has been
restricted – for example,
as long ago as 1989 the

The results of an intensive five-year research project show that there are
convincing alternatives to organotin and other biocidal paints. This means
organotins – considered to be the most toxic substance deliberately released
into the marine environment – can now be replaced with confidence. 

Background

TBT is found in

seabirds, marine

mammals and 

fish for human

consumption all

over the world.

EU banned its use on
sea-going vessels under
25m (mainly recreational
craft). Although the input
of organotins was
reduced in the coastal
waters of some countries
that implemented the
ban, the continued use 
of these paints elsewhere
has resulted in large
releases of toxic
chemicals into the
environment. TBT can
be found in seabirds,
marine mammals and 
fish all over the world. 

The International Maritime
Organization (IMO) initially
adopted an Assembly
Resolution in November
1999, which should
ensure a global ban on
the application of
organotins in antifouling
paints in new coatings 
by 2003 and its presence
on every vessel in service
by 2008. The IMO
recognised “the need to
continue to develop
antifouling systems which
are effective and environ-
mentally safe”. IMO
member states were

asked “to encourage
industries to continue to
develop, test, and use, as
a high priority, antifouling
systems which do not
adversely impact [upon]
non-target species and
otherwise degrade the
marine environment”. 

The IMO also adopted a
legally binding convention
in 2001 which will come
into force a year after its
ratification by at least 
25 countries representing
25 per cent of the world’s
merchant shipping. 
To date only five countries
have ratified the treaty.
Parallel to the IMO
convention, the EU
adopted Europe-wide
legislation banning the
application of organotin
containing antifouling
paints for ships from 
1 July 2003 on European
flagged vessels, and 
from 2008 will completely
ban the presence of
organotins on ships’ hulls.
The legislation also
inhibited the marketing
and use of organotins for
this application in Europe. 



When it became apparent
that the global ban of 
TBT would only be a
question of time, many
paint manufacturers
began to develop new
products – for example,
irgarol and diuron – which
mostly contained other
biocides such as copper
or synthetic organic
substances. The more
innovative companies
liked the idea of
mimicking the antifouling
principles occurring in
nature. Some of these 
are based on physical
mechanisms instead of 
a toxic chemical. These
include gel-like surfaces
as found in dolphin skin,
which led to the idea of
applying smooth non-
stick coatings to prevent
organisms from settling.
Another example is the
fibre-flock system
simulating seal skin.

In 1998, WWF initiated 
a multi-stakeholder
project to test the
efficiency of biocide-free
antifouling paints.
Different coatings on
vessels in coastal and
brackish waters were
investigated between
1998 and 2001. After
some very promising

Looking for biocide-free 
alternatives – the project

results, the investigations
were expanded to ships
operating worldwide. 
The project involved a
wide range of interest
groups such as
authorities, ship owners
(both federal and private),
paint manufacturers, 
the German Paint
Manufacture Association
and WWF-Germany. 
The scientific
investigations were
carried out by the
Laboratory for
Freshwater/Marine
Research and
Comparative Pathology
(LimnoMar), the Coastal
Research Station of
Lower-Saxony, and the
Ministry of Environment,
Hamburg. Ministries,
shipping companies,
paint manufacturers and
WWF jointly provided
funding. The first stage of
the project was also
funded by the
Waddensee Foundation
of Lower-Saxony and the
Environmental Lottery
Bingo-Lotto, and the

second by the German
Federal Environment
Foundation. 

The paint manufacturers
provided free samples 
of test paints, which 
were applied under the
manufacturers’
supervision (usually
several strips of paint 
per hull). The ships then
operated under normal
conditions and the
scientists investigated 
the vessels frequently.
These investigations
concentrated on type 
and coverage of fouling,
dry weight of the 
fouling community,
adhesion strength 
and paint condition.

The ships taking part 
in the project operated 
in waters throughout the
world, so that varying
conditions were
encountered – for
example, temperature 
and salt content of 
trading waters, and 
a range of speeds. 



The results

Between 1998 and 2003,
a total of 117 strips of
antifoulant coatings 
were applied on 20 ships
ranging from container
vessels, tankers, bulk
carriers, cruisers and
ferries to research vessels
and fishing boats. During
this time, 45 inspections
took place. The ships
were either painted with
test patches or were fully
coated. The types of
paints tested can be
summarised as 16 
non-stick coatings
(silicones, semi-silicones
and Teflon coatings), 
16 erodable/self-polishing
paints, two fibre coatings
and seven anti-corrosive
paints (epoxies, rubber-
like PU coatings).

The results of this
intensive five-year
research show that 
there are convincing
alternatives to organotin
or other biocidal paints.
The evaluation did 
not produce a 
“winner”, but certainly
suggests that there are
applicable antifouling
systems available,
depending on the ship’s
operation profile. 

Non-stick coatings 
All silicone-based
coatings were very
effective. Although 
in some cases fouling 
did develop to a 
certain degree, most
organisms did not 
adhere strongly, and
normal shipping
operations helped to
wash off fouling
immediately. On all
silicone-based coatings
the adhesion force of

barnacles was sub-
stantially reduced. Algal
growth was also reduced. 

The silicone coatings
could be cleaned easily
with a water pressure of
1-10 bar. The application
was performed in routine
dock-practice, but
required specific
protection measures 
and specially trained
personnel. Silicone
coatings were removed
from the hull with high
pressure hydro-blasting
(1,200-1,500 bar). This
removal did not cause
problems with adhesion 
of the next coating. For
best performance, silicone
coatings should be used
in areas where they are
less prone to damage. 

The tested hydroviscosic
paint and the Teflon-
based coatings did 
not perform well in
seawater, but could be
cleaned efficiently when
operating in brackish
water only. More power
was required to clean
these coatings compared
to the silicone paints.

Erodable antifouling
paints without biocides
This type of coating did
not need additional
protective measures in
application, removal and
overpainting. As the
mode of action of this
paint is directly related to
the erosion rate, a
calculation of minimal
dry-film thickness and the
survey of applied dry-film
thickness is strongly
recommended. Out of 
16 erodable paints, six
displayed a good

performance with 
lifetimes of 12 to 24
months – but the reliability
of performance is below 
that of biocidal erodable
paints. For erodable/self-
polishing coatings, it is
recommended to fully 
test the degradability 
of the binder as the 
paint may erode and
become ineffective after 
a short time. 

Fibre-flock system
This technique is a self-
polishing process caused
by a continual motion 
of the fibres. During the
project this coating
performed well, with
selective effectiveness
against barnacles even 
on slow vessels with long
harbour periods. However,
algal growth could not be
reduced with similar
efficiency. Fibre coatings
based on an epoxy glue
and fibres of different
lengths had to be applied
with special devices by
specially trained staff.
From the beginning of 
the project to the last
application, the quality 
of this type of coating
could be improved. 
The density and a
homogenous distribution
of fibres are crucial for
strong performance.

Anticorrosive paints
All anticorrosives tested 
in this project displayed
no inherent antifouling
properties and can only
be regarded as fouling
protection systems in
combination with very
specific operational
profiles of ships such 
as patrol boats operating
in brackish water. 



A shipping persective
The performance of
biocide-free test coatings
is directly related to the
operational profile of 
the ship: service speed,
activity level and trading
waters are decisive for
the effectiveness of
biocide-free antifouling
paints. On fast-moving
vessels (two container
ships, two cruisers and
one frigate, operating 
in temperate, subtropical
and tropical waters) the
silicone-based and the
erodable paint without
biocides prevented
fouling effectively. 
Vessels with short times
in harbour and high
service speeds (18-20 kn)
obviously have
significantly reduced
fouling pressure. 

Conclusions

The better performing
biocide-free coatings
prevented fouling
effectively, for up to 60
months after application,
so long as the coating
remained undamaged. 

The fact that biocide-free
coatings need movement
was demonstrated by the
coastguard ships that
periodically travel at very
fast speeds but also have
long periods of not
moving at all. Algae could
be removed by the high
speed but the barnacles
could not. Fairly good
results were achieved for
slow-going cargo ships
(12 kn) with a high activity
level trading in temperate,
subtropical and tropical
waters. The fibre coating
and the self-polishing

Control applications
(antifouling paints 
with biocides)
These investigations
included biocide-
containing controls (TBT,
copper and organic
biocides). Fouling
occurred on these control
paints, occasionally to a
higher degree than on the
non-biocide coatings.

coating prevented fouling
by barnacles but
displayed fouling by short
macroalgae over a 10-12
month period. For slow-
operating coastal vessels
with long harbour times
(eight research vessels,
passenger ferries and 
a fishing boat) further
improvement of paints 
is desirable. 

Chemical investigations
and ecotoxicity
In order to ensure that 
the alternative paints 
do not exhibit negative
ecotoxicological effects,
some biotests were
applied to paint
leachates. These tests 
did not exhibit any acute
toxicity. In some cases, 
a variety of impurities
including heavy metals
and polycyclic aromatic
hydrocarbons (PAHs)
were found at elevated
levels. In view of this, 
it is recommended that
biocide-free alternative
paints do not contain
chemicals that would
pose a risk through
exposure to the marine
environment, such as
bisphenol A. 
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WWF-UK
Panda House, Weyside Park
Godalming, Surrey GU7 1XR

Tel: +44 (0)1483 426444
Fax: +44 (0)1483 426409

www.wwf.org.uk

WWF Germany
Am Guthpol 11
D-28757 Bremen

Tel: +49 421 65846 10
Fax: +49 421 65846 12

www.wwf.de

The performance of the
biocide-free antifouling
coatings show that some
of these provide
convincing alternatives 
to biocidal ship paints.
The results vary
depending on the ships’
operating conditions and
several parameters should
be taken into account
when considering a
suitable system for each
ship. The challenge for
the ship owners and paint
manufacturers in the 
near future lies in finding
the best paint system 
for different ship profiles.
More research is needed
into coatings for ships
with low activity. 
As non-biocide paints
work in a different way,
some settling may occur. 
It could be helpful to
develop special washing
technologies without 
the requirement for 
any docking time. 

Considering the long
history of TBT and the
increasing use of other
biocidal paints with
detrimental biocides, 
it was an important
challenge to prove the
efficiency of biocide-free
paints. In the course of
the project, cooperation
between different paint
companies, ship owners
and authorities provided 
a greater acceptance of
non-biocidal alternatives 
– indeed, some 
manufacturers used the
project to change their
formulations to achieve
more effective results.

Authorities
Federal Maritime and Hydrographic
Agency of Germany; Coast Guard 
of Schleswig-Holstein, Lower Saxony,
Hamburg, Bremen, Mecklenburg-
Vorpommern; Bundesgrenzschutz;
Deutsche Bundesmarine; Federal
Agency for Agriculture and Food,
Hamburg; Ministry of Environment
Lower-Saxony, Ministry of
Environment, Hamburg, Ministry 
of Environment, Schleswig-Holstein

Ship owners
Reederei AG Ems (Emden), 
AG Norden-Frisia (Norderney), 
Wyker Dampfschiff-Reederei, Insel
und Halligreederei Kurt Paulsen,
HADAG, Hapag Lloyd (Hamburg),
Hamburg-Sud (Hamburg), Interscan
(Hamburg), John T. Essberger
(Hamburg), Vela International Marine
(Dubai), Reederei Rohden (Hamburg) 

Shipyards
HDW, Kiel, Nobiskrug; Kröger Werft
Schacht-Audorf; Friedrichs-Werft Kiel;
Lindenau Werft Kiel; Maschheider,
Büsum; Mützelfeldwerft Cuxhaven;
Bredo Schiffswerft; Gryfia-Shipyard,
Stettin; Bremerhaven; Marinearsenal
Kiel, Wilhelmshaven; Norddeicher
Schiffswerft; Blohm & Voss;
Hamburg; Neptun Werft Rostock;
Norderwerft, Hamburg; Schiffswerft
Barth, Schiffswerft Horn, Wolgast,
Lloyd-Werft, Bremerhaven; 
Rickmers-Lloyd Werft, 
Bremerhaven; Schiffswerft Peters,
Wewelsfleth; MWB Motoren und
Anlagen, Bremerhaven

Paint manufacturers
Chugoku Paints B.V.,
Colloid/Nanogate, Hempel Germany,
Akzo Nobel, BAYER AG, Ceram 
Cote Europe GmbH, Elorisan, 
Relius Coatings, SIGMA Coatings,
SealCoat, TMP Transocean Marine
Paint Association, TMP (Tenax Marine
Paints), Lotrec AB, Wilckens
Farben/Kansai, ProCoat, CK Witco

Paint and anticorrosion
companies
Monsees GmbH, Bremerhaven;
Geuer Korrosionsschutz, Kiel;
Tillmann Oberflächentechnik, 
Emden; Dre-Ko Korrosionsschutz,
Hamburg; CorroCoat, Hamburg;
Mülhan, Rostock; Severa, Kiel; 
DOS, Salzhausen 

Scientific Laboratories
Laboratory for Freshwater/Marine
Research and Comparative
Pathology (LimnoMar), Coastal
Research Station of Lower-Saxony,
Ministry of Environment Hamburg,
Department of Conservation –
Environmental Analysis

Conclusions and outlook

This cooperation is a
good example 
of multi-stakeholders
developing new 
solutions to a complex
environmental problem.
The collaboration of the
manufacturers and users
of antifouling systems
was the starting point for
this project’s success. 

WWF believes it is crucial
that other countries ratify
the IMO convention to
ensure the global ban 
of organotins without
further delay. Moreover, 
it is extremely important
that organotins are 
not replaced by other
harmful biocides and that
lessons are learned from
the past. It is essential 
that we enact the
precautionary approach. 

The results from this
project have clearly
demonstrated that
efficient biocide-free
alternatives do exist,
which means they can
directly replace
organotins. The removal
of organotins – which are
considered to be the
most toxic substance
deliberately released into
the marine environment 
– will benefit wildlife and
commercial marine
species alike. However,
we must ensure that 
the way forward is the
development of a
commercially available
antifouling system which
is efficient and has truly
minimal impacts on the
marine environment.

For more information
www.panda.org
www.wwf.de
www.limnomar.de
www.wwf.org.uk


