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Welcome to the Journal of Ship Hull Performance
January 2012

I

’d like to take this opportunity to wish
you a prosperous and successful 2012.

Much is changing in the shipping industry.
One can take a negative view and resist the
changes or one can take an optimistic approach
and look on challenges as opportunities.
Nowhere is this more true than in the area
of dealing with hull-borne aquatic invasive
species or non-indigenous species (NIS). At
first glance, new regulations looming on the

horizon may look like rocks and shoals on
which the shipping industry could go aground.
However, as we have tried to cover in this
issue of the Journal of Ship Hull Performance,
the guidelines and regulations which will
soon come into force represent an opportunity
for shipowners and operators to change hull
protection and antifouling habits and save
25% of their fuel costs by doing so.
We are happy to bring you Hydrex White
Paper No. 8 which presents an alternative
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Review of biosecurity
and contaminant
risks associated with
in-water cleaning

Hull Fouling and
Copper Tolerance

Boud Van Rompay
CEO, Hydrex.

IMO 2011
Guidelines

for Antifouling and In-water Hull Cleaning
and Maintenance currently in progress.
As usual, we have surveyed and listed out
some of the important conferences, seminars
and events which may be of interest.
We hope you will find the material in this
issue of the Journal useful and that we will be
able to contribute to your success in 2012.

White Paper 8

approach to dealing with the problem of hullborne invasive aquatic species and explains
how this alternative approach can result in
enormous fuel savings.
We have also gathered together some
excellent papers from prominent researchers
around the world who have been working
diligently on the problem of how to prevent
the spread of non-indigenous species (NIS)
through ship hull fouling. There are many
facets to this problem and we have compiled
material which we hope will cover all of these.
We are grateful to the authors and organizations
who have allowed us to reprint their work in
our Journal. In addition to existing papers,
we are very pleased to publish an article
written specially for this issue of the Journal
of Ship Hull Performance by the Australian
Government Department of Agriculture, Fisheries and Forestry (DAFF) discussing the
review of the 1997 ANZECC Code of Practice

Managing Hull-Borne
Invasive Species and
Coastal Water Quality
The Australian
Government Department
of Agriculture, Fisheries
and Forestry

Interview with
Hydrex CEO,
Boud Van Rompay
Upcoming
Events
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Hydrex
White Paper N°8
Invasive Aquatic Species
A proposed alternative solution

Part I.

Introduction

O

ne hears and reads a great deal these days about
aquatic invasive species (AIS), also referred

to as non-indigenous marine species (NIMS), non-

the translocation of NIS in the first place than to try to
clean up the damage they cause and eliminate the nowestablished species and prevent their further spread.3 4

Legislation and regulation to prevent
the spread of NIS via ship hull fouling is increasing in severity with some
quite rigorous measures looming.

indigenous species (NIS), aquatic nuisance species,

Legislation and regulation to prevent the spread of

alien species and a number of other names. We shall

NIS via ship hull fouling is increasing in severity with

refer to them here as NIS, perhaps the most prevalent

some quite rigorous measures looming.

term in non-scientific circles.

Efforts to deal with the problem to date have not
been effective. It is generally agreed that in-water

NIS are an economical as well as an environmental

cleaning must be part of any handling, yet the antifouling

problem.
For some time the concentration on the shipping
industry’s role in the spread of NIS centered on ballast
water. More recently the focus has extended to include
ship hull fouling as a vector of NIS translocation just as
important as ballast water if not more so.1 2
The NIS threat is increasing due to more shipping
traffic and also perhaps because the antifouling systems
in use since the ban of TBT have been generally much
less effective in eliminating hull fouling.
It is more efficient and far less expensive to prevent

1 Jason Savareses, National Sea Grant Law Center, “Preventing and
Managing Hull Fouling: International, Federal, and State Laws
and Policies,” Proceedings of the 14th Biennial Coastal Zone
Conference, New Orleans,Louisiana, July 17 to 21, 2005.
2 Dr. Naomi Parker, MAF Biosecurity New Zealand, “Managing
Biofouling at the International Level” (presentation).
3 Oliver Floerl et al., “A Risk-Based Predictive Tool to Prevent
Accidental Introductions of Nonindigenous Marine Species,”
National Centre for Aquatic Biodiversity and Biosecurity, National
Institute of Water and Atmospheric Research, Christchurch, New
Zealand, Environmental Management, Vol. 35, No. 6, pp. 765 778, (2005).
4 Adrianna A. Muir, “Managing Coastal Aquatic Invasive Species in
California: Existing Policies and Policy Gaps,” California Senate
Natural Resources and Water Committee report, (January 2011),
pp: 12-13.
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of the voyage just as much as or more than on the

restrictions on in-water cleaning. Frequent dry-docking

state of the hull at the port of destination. Ships

is not economically or logistically feasible.

do not foul while steaming. It is much, much

5

6

which is acceptable to governments, port authorities,
environmental groups and the shipping industry. The
ideal solution would also bring with it fuel savings,
reduction of GHG and other emissions and elimination
heavy metals and other toxicants contained in traditional
biocidal antifouling paints.
So far the efforts of states and ports have been in

species when steaming than when stationery.

...in order for the NIS spread to be
curtailed, ships must leave their port
of origin with a clean hull, and concentration needs to be on the beginning
of the voyage just as much as or more
than on the state of the hull at the port
of destination.

IMO 2011
Guidelines

of the contamination of ports and oceans caused by

less likely for a ship to acquire aquatic invasive

White Paper 8

The time is right for a thoroughly workable solution
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and foul release coatings in general use impose severe

the direction of preventing ships arriving in their waters
This White Paper has been inspired by IMO MEPC Annex

code (currently under review) forbids in-water cleaning

26, 2011 Guidelines for the Control and Management of

of vessels in Australian waters for fear that incoming

Ships’ Bio-fouling to Minimize the Transfer of Invasive

vessels will bring NIS into Australia which will then

Aquatic Species, section 12, Future Work7 which states:

establish themselves there. But forbidding in-water
especially those that have been laid up for some time,

12.1 States and other interested parties should

will sail with a fouled hull and carry invasive species

encourage and support research into, and

picked up in Australia to other parts of the world. This

development of technologies for:

may appear to help with the local problem but in fact

.1 minimizing and/or managing both macro-

magnifies the international situation. And NIS is by its

fouling and microfouling particularly in

very nature an international problem.

niche areas (e.g., new or different anti-

A novel approach would be for ports and states to
at least place equal emphasis on ships sailing from their

fouling systems and different designs for
niche areas to minimize biofouling);
.2 in-water cleaning that ensures effective

international cooperation but the IMO is there to make

management of the anti-fouling system,

sure that such international cooperation on important

biofouling and other contaminants, including

shipping related matters is obtained. And if such a

effective capture of biological material;

solution also carried with it great financial benefits to

.3 comprehensive methods for assessing the

shipowners/operators the world over, then it is quite

risks associated with in-water cleaning;

likely to be accepted and adopted.
global NIS problem are
1) the hull coatings in general use are not suitable
for in-water cleaning, but in-water cleaning is
an essential part of the solution to NIS;
2) in order for the NIS spread to be curtailed, ships
must leave their port of origin with a clean hull,

.5 reducing the macrofouling risk posed by the
dry-docking support strips, (e.g., alternative
5 MEPC Annex 26, Resolution MEPC.207(62) “2011 Guidelines for
the control and management of ships’ biofouling to minimize the
transfer of invasive aquatic species,” p. 10 (15 July 2011).
6 BIMCO article, “Doing without drydocks,” (August 2010).
7 MEPC Annex 26, Resolution MEPC.207(62) “2011 Guidelines for
the control and management of ships’ biofouling to minimize the
transfer of invasive aquatic species,” p. 15 (15 July 2011).

Upcoming
Events

and concentration needs to be on the beginning

fouling;

Interview with
Hydrex CEO,
Boud Van Rompay

The two major barriers to effective handling of the

.4 shipboard monitoring and detection of bio-

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

port of departure with a clean hull. This would require

Managing Hull-Borne
Invasive Species and
Coastal Water Quality

Research needs

Hull Fouling and
Copper Tolerance

cleaning means that vessels leaving Australian ports,

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

with fouled hulls and NIS. For example, the ANZECC
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.6
.7

keel block designs that leave less uncoated

waterways in Cambridgeshire, England, or the Great

hull area);

Lakes in the USA, may be very different from that

the geographic distribution of bio-fouling

found in the Black Sea. Species of marine animals

invasive aquatic species; and

or plants which are native to, for example, the Black

the rapid response to invasive aquatic spe-

Sea, when introduced intentionally or accidentally to

cies incursions, including diagnostic tools

waterways of, for example, Cambridgeshire or the

and eradication methods.

Great Lakes where they are not native, can cause

12.2 Potential operational benefits of such technol-

serious environmental and economic problems in

ogies should also be high-lighted and relevant

their new environment. They do this in a number

information provided to the Organization.

of ways which can include the destruction of local
species which are important to the environment they

Independent information needs

are invading, damage to infrastructure in their new

12.3 Summaries are needed of the different types

locale and obliteration of local industry. These are

of anti-fouling systems and other biofouling

non-indigenous invasive aquatic species.8

management measures currently available,
how they work and their performance under

NIS are not just an environmental problem. They are

different operating conditions and situations.

also an economic problem.

This information could assist shipowners and
operators when making decisions about the
most appropriate coatings and coating systems
for their ship type and activity.

NIS are not just an environmental
problem. They are also an economic
problem.
A fairly well known example is the Zebra mussel,

A great deal of work has been done on the subject

native to parts of southeast Russia. When the zebra

of NIS by the IMO Marine Environmental Protection

mussel was accidentally introduced into foreign waters,

Committee’s Correspondence Group on the development

it rapidly colonized in many parts of the world to which

of measures to minimize the transfer of invasive aquatic

it was not indigenous, including, among a long list of

species through biofouling, under the coordination of

places, the east of England, and the Great Lakes in the

New Zealand. This White Paper is a response to section

USA. Anglian Water, a water company in the east of

12 quoted above and will outline an existing, workable,

England, has estimated that it spends £500,000 a year

environmentally and economically beneficial method of

clearing these non-indigenous mussels out of water

eliminating the threat of further spread of NIS via the

treatment plants.9

ship and boat hull fouling vector using only currently
extant, proven technology and methods.

According to the Center for Invasive Species
Research at the University of California, the cost of
managing the Zebra mussel invasion in the Great Lakes

Part II.

What exactly is the
NIS problem?

M

arine ecosystems are local. The collection
of marine animal and plant life native to

alone exceeds $500 million annually.10 And the Great
Lakes are certainly not the only US waterways affected.
8 Elizabeth Barton and Jessica Heard, “Alien, Non-Native and
Invasive Marine Species,” The Marine Biological Association of
the United Kingdom, MarLIN (September 2005).
9 “British waterways fight invasion by Russian zebra mussels”. BBC
News. 2011-08-04.
10 Mark S. Hoddle, Center for Invasive Species Research, University
of California, Riverside, “Quagga and Zebra Mussels,” http://cisr.
ucr.edu/quagga_zebra_mussels.html, accessed 19 December 2011.
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Zebra mussel infestation Ormond Lock.

not have to be spent had the Zebra mussel not been

of millions of dollars in damage in European waterways.

inadvertently introduced into the USA to begin with.

Migrating crabs clog water delivery facilities and disrupt

It is reckoned that the introduction to the Great Lakes

fish salvage operations. The mitten crab is a potential

occurred via ships’ ballast water.11

human health hazard as it can be a host for the Oriental

The Zebra mussel is also considered to be the
source of avian botulism poisoning which has killed tens
of thousands of birds in the Great Lakes.12
Once introduced from foreign parts by ship hull
fouling or ballast water or some other source, the

lung fluke, a parasite that causes tuberculosis-like
symptoms in humans.15
In 2000, New Zealand spent $3.5 million to remove
a species of invasive seaweed, Undaria pinnatifida, from
the fouled hull of a single vessel that sank offshore.16
There are many examples of the severe harmful

zone by pleasure craft and local ship and boat traffic.

effects of the introduction of aquatic NIS on the health

Already the Zebra mussel has spread to many locations

of marine organisms and even humans through the food

throughout the USA, as far afield as California.13

web, and on local industry and commerce.

But it’s not just Zebra mussels. The North American
common to the Atlantic Coast of North America was
introduced into the Black Sea and Sea of Azov in the
early 1980s. The comb jelly population expanded
rapidly, causing severe economic and social impacts.
The cost to Black Sea fisheries is estimated at $250
million, and anchovy fisheries in the Sea of Azov are

Upcoming
Events

nearly extinct.14

11 Ibid.
12 Janega, James (2008-01-15). “Botulism takes fatal toll on
thousands of Great Lakes birds. ” Chicago Tribune. Archived from
the original on 2011-04-05. Retrieved 2011-04-05.
13 Amy J. Benson, “The Exotic Zebra Mussel,” U. S. Fish & Wildlife
Services http://www.fws.gov/midwest/endangered/clams/zebra html
(accessed December 2012).
14 Aquatic Invasive Species, Marine Pollution Adviser, Secretariat of
the Pacific Regional Environment Programme (SPREP) Factsheet
(2008).
15 Ibid.
16 Ibid.
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comb jelly, a voracious, plankton-eating, comb jelly

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

invasive species continue to be spread within the new
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The Chinese mitten crab has caused the equivalent

Hull Fouling and
Copper Tolerance

This is a substantial amount of money that would
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Hull fouling as a vector for NIS

Regulation and legislation

For some time now the subject of NIS has been a hot

The wheels of regulation and legislation are turning

topic in the context of ships and shipping, boats and

even at time of writing. California is in the process

small craft. Until a few years ago it was considered that

of developing regulations which will require that

ballast water taken in by ships in one environmental

ships entering California waters operate with no more

zone and discharged in another was the main vector by

than specified, limited amounts of macrofouling with

which aquatic NIS were being translocated from zone

thresholds based on underwater surfaces (i.e. niche areas

to zone. Many regulations sprung from this, and new

vs. the rest of the hull). If inspection reveals macrofouling

industries and arms of government agencies came into

beyond the specified amount in niche areas or the rest of

being or expanded to cope with this problem. Much

the hull, this macrofouling will have to be removed on a

research, ballast water treatment equipment, an IMO

regular, defined basis. The regulations are not finalized

task force, coast guard activity, meetings, conferences

and may change but this is where the process stands at

and literature came into existence all on the subject

time of writing.17 18 Other US states may well follow

of ballast water as a vector for NIS and how to deal

California’s lead.

with it.

What was new was the awareness
of hull fouling as an NIS vector and the
concern about it.

In June 2011 the IMO adopted MEPC Annex 26,
2011 Guidelines for the Control and Management of
Ships’ Biofouling to Minimize the Transfer of Invasive
Aquatic Species. Although the guidelines are still
voluntary, they will undoubtedly move forward into

Then a few years ago another vector came to the

compulsory regulations for the prevention of the spread

fore: hull fouling was observed to be a key vector in the

of NIS via hull fouling. For some time now the ANZECC

translocation of NIS. This was not new. Ships have been

code has prohibited almost all in-water cleaning of hulls

sailing with fouled hulls from one part of the world to

in Australian and New Zealand waters on the basis that

another for thousands of years, transporting all sorts of

NIS may be dislodged as part of this cleaning, resulting

nuisance weeds and creatures in amongst the fouling to

in new invasions. This code is currently under review.19

the four corners of the world with impunity– at least with
impunity to the ships. What was new was the awareness

Is it a real problem?

of hull fouling as an NIS vector and the concern about

To some shipowners and operators, the concerns about

it. Perhaps a factor that raised its importance was the

NIS and the resulting and impending legislation and

ban on TBT. TBT was fairly effective in killing all

regulation may well appear to be just interference

fauna and flora which sought to attach itself to the ship’s

and restrictions imposed by environmentalists and

bottom, and ships bearing TBT (almost the entire world

government agencies which in the end complicate the

fleet) sailed with relatively unfouled hulls. The various

normal business of shipping and make it more difficult,

coatings which followed in the wake of the TBT ban

for no good reason, for them to make a profit.

have not been so effective in preventing fouling. A

The various examples listed above of damage done

quick inspection of a sea chest or some other protected

by NIS, along with many other similar cases explain the

or recessed area of the ship hull coated with any of the
antifouling or foul release coatings currently in use will
usually reveal a veritable menagerie of living creatures
hitching a ride on the ship, among them some of the
more obnoxious and harmful invasive species.

17 Proposed changes to Article 4.8. of Title 2, Division 3, Chapter 1 of
the California Code of Regulations (2011).
18 Email correspondence with Chris Scianni, Staff Environmental
Scientist, Marine Invasive Species Program, California State Lands
Commisison, December 2011.
19 http://www.environment.gov.au/coasts/pollution/antifouling/code
accessed December 2011.
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most common biocide in use. Zinc is also used. Most

need to prevent further translocation and spread of NIS.

antifouling paints also contain a number of co-biocides

The evidence clearly supports the fact that the
eliminate the spread of NIS via ships.

with different types of fouling organisms.
The second most prevalent type of hull coating is
the fouling release family of coatings which use silicone
or fluoropolymer to render the surface more difficult for
fouling to adhere to and easier for fouling to be released
from, hence the name.
Less seen but growing in importance are surface

So far the attention has mainly been on ballast

treated coating systems which consist of a hard, inert,

water and a handling for this NIS vector is well under

non-toxic coating combined with routine in-water

way. Now hull fouling is coming to the fore and a full

cleaning.

water and hull fouling have something in common with
each other in that they are both connected with ships, as
NIS vectors they are quite different and each needs its
own entirely separate handling.
vector and does not address the ballast water issue at all.

None of these coatings prevent micro-fouling from

That issue has been well covered elsewhere.

adhering to the hull.20 21 However, microfouling is not
considered to represent any major NIS risk.22 23

The current approach

T

lation of macrofouling organisms in what are commonly
referred to as the “niche areas” of the underwater hull.
The “niche areas” are the nooks and crannies in the
hull, of which there are a great many: sea chests, bilge

preventing the spread of NIS through hull

keels, the areas around the propeller and the rudder, bow

fouling consists of an effort to employ an appropriate

thruster tunnels, stabilizer fin recesses and many, many

hull coating coupled with various methods of cleaning

other parts of the ship hull, being protected from the

the hull to remove fouling without spreading NIS

main flow of water along the hull, are prime hideaways

in the process. In theory, the approach is sound. In

for NIS looking for a free ride to a foreign port.24 The

practice, the hull coatings in widespread use and
the existing hull cleaning methods present great

It is a complex problem with many contributing factors
and variables which have to be taken into account.

The hull coating
The vast majority of ships afloat today use some sort of

Upcoming
Events

biocidal antifouling on their hull. Cuprous oxide is the

Interview with
Hydrex CEO,
Boud Van Rompay

challenges to the workability of this approach.

20 Sergey Dobretsov, “Marine Biofilms,” Chapter 9 of Biofouling,
Edited by S. Dürr, J. C. Thomason, Wiley-Blackwell, (2010).
21 Woods Hole Oceanographic Institution, Marine Fouling and Its
Prevention, United States Naval Institute, Annapolis, Maryland,
1952: pp 29-30.
22 E-mail correspondence with Dr. Naomi Parker, 2 Nov 2011.
23 Oliver Floerl et al., “Review of biosecurity and contaminant risks
associated with in-water cleaning,” report commissioned by The
Department of Agriculture, Fisheries and Forestry (Australia)
and prepared by The National Institute of Water and Atmospheric
Research Ltd., (September 2010), pp: 5, 81-108.
24 Ian Davidson, Gail Ashton, Greg Ruiz, Christopher Scianni,
“Biofouling as a vector of marine organisms on the US West Coast:
a preliminary evaluation of barges and cruise ships,” report to The
California State Lands Commission, (2010), pp: 14-16.

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

he current basic recommended approach to

Managing Hull-Borne
Invasive Species and
Coastal Water Quality
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None of these coating systems prevent the accumu-
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This White Paper deals only with the ship hull

None of these coating systems prevent
the accumulation of macrofouling
organisms in what are commonly
referred to as the “niche areas” of the
underwater hull.

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

and effective handling is needed for that. While ballast

IMO 2011
Guidelines

shipping industry must cooperate in these efforts to

(pesticides, herbicides) in the formula, designed to cope
White Paper 8

The evidence clearly supports the fact
that the shipping industry must cooperate
in these efforts to eliminate the spread of
NIS via ships.
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concern of local government and of the IMO and the
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evidence is very plain: examine these areas on a ship
hull painted with any of these hull coatings and, unless
the area has been specially cleaned, there will be a large
accumulation of macro-fouling organisms and very
likely among them will be invasive species which are
definitely not wanted at the destination port.

Therefore, the idea that one can simply
put the “right coating” on the hull and
the NIS problem will disappear is an
illusion. There is no “right coating” that
will, all on its own, prevent the spread
of NIS.

In the case of biocidal antifouling and fouling
release coatings, the flow of water as the ship travels

Therefore, the idea that one can simply put the “right

is an essential part of their action. These niche areas

coating” on the hull and the NIS problem will disappear

are protected from this flow. Thus these coatings are

is an illusion. There is no “right coating” that will, all

not effective in preventing or in releasing macrofouling

on its own, prevent the spread of NIS. The closest there

which accumulates in the niche areas.

was to that concept was TBT, described by Dr. Edward

These niche areas are also the hardest parts of

D. Goldberg of the Scripps Institution of Oceanography

the hull to clean in the water. The large, multi-brush

as, “perhaps the most toxic substance deliberately

underwater cleaning machines cannot be used to clean

introduced to the marine environment.” TBT has been

these niche areas. They require smaller power tools or

widely and quite correctly banned. In fact, some types

hand tools or, a more efficient solution, high pressure

of coating will worsen the situation by helping to breed

water jet equipment.

tougher and more viable invasive species.

However, it is not only the niche areas that
accumulate fouling. Even coated with biocidal hull

Hull cleaning

paint or fouling release coatings, the hull of a ship will

If a ship is to have a hull which is free from macrofouling,

accumulate macrofouling. It is astonishing how many

the fouling must be actively removed.

living organisms populate the marine environment and

An option is to take the vessel out of the water and

how ready they are to attach themselves tenaciously

remove the macrofouling using high pressure water

to any surface immersed in the water in their vicinity

jet equipment, scrapers or other methods. This has the

for any length of time, regardless of the coating on that

advantage of easier recovery of waste water and any

surface. Again, the evidence is plain for any diver or

viable macrofouling organisms.

ROV camera to see.

Another option is to clean the hull while the vessel
is still in the water. This is done by divers or remotely

“Gladiator species” and biocide tolerance

operated vehicles (ROVs) using rotating brushes, high

There is a further liability involved in an attempt to deal

pressure water jet equipment or hand tools.

with NIS using biocidal paint coatings. The organisms

There are some other technologies for in-

that do survive and are successfully translocated from

water cleaning in various stages of development and

one environmental zone to another have been found

experimentation but none that could be considered

to become “copper tolerant” or “biocide tolerant” and

commercially mature at this time.

especially tough, tenacious and resilient and thus more
able to establish themselves and to survive in their new
environment. In fact, they prove to be tougher than
the local species which have not become tolerant to
the various biocides in use and it is easier for the
invading species to overwhelm the local species and
take over.25 26 27

25 Michelle Lande, Leigh Johnson, Carolyn Culver, “Hull Fouling
and Copper Tolerance – 2011 Scientific Review,” UCCE-SD/UCSGEP Fact Sheet 2011-5 (August 2011).
26 Jamie Gonzalez, Leigh Johnson, “Copper-Tolerant Hull-Borne
Invasive Species: Further Analysis,” UCCE-Sea Grant Extension
(April 2008).
27 Richard F. Piola, Emma L. Johnston, “Differential resistance to
extended copper exposure in four introduced bryozoans,” Marine
Ecology Progress Series, Vol. 311: 103-114, (2006).
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must be taken to ensure that the waste does not make

of coating and the method of cleaning. It is a waste of

its way back into the water. It is virtually impossible to

time to consider a particular approach to cleaning without

prevent some of the chemicals from entering the water

taking into account the type of coating being cleaned.28

column. Cleaning this type of ship coating contributes to

variables. Examining these variables will help to

penalty. This effect multiplies with each attempt to clean

simplify the problem.

a hull so coated.

Cleaning biocidal antifouling paints
A biocidal antifouling paint is not designed to be cleaned

Cleaning silicone and other fouling
release systems

and does not lend itself to cleaning. By its nature, a

Fouling release coatings can be cleaned as long as the

biocidal antifouling paint is a “soft” coating designed

fouling does not comprise more than a microfilm (slime

to release part of its substance into the water as its

layer) and as long as the cleaning is very gentle and careful

modus operandi. It wears away. It is designed to prevent

as these coatings are fragile and easily damaged. There

fouling through this release of chemicals. Cleaning a

is evidence that some of them at least are toxic. Studies

biocidal antifouling coating by any method will speed

show that silicone in fouling release coatings alters the

up this process of chemical release into the water and

enzymes in barnacle glue; it does not simply provide

will deplete and damage the coating. If cleaned in the

a slippery surface which is harder for the barnacles to

water, the pulse discharge of biocides into the water
column and thus the ocean bed poses an even greater
hazard to the marine environment than does the normal

Upcoming
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use of such a coating. If cleaned in drydock, precautions

28 Oliver Floerl et al., “Review of biosecurity and contaminant risks
associated with in-water cleaning,” report commissioned by The
Department of Agriculture, Fisheries and Forestry (Australia)
and prepared by The National Institute of Water and Atmospheric
Research Ltd., (September 2010).
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Four frames from a short video clip showing the effects on the water of in-water cleaning on a hull coating with a
conventional copper-based antifouling paint.
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adhere to and easier to remove them from. It produces
a physical change in the organisms.29 Other studies
have shown that silicone oils released from fouling
release coatings tend to smother aquatic organisms.30

If the fouling has only reached microfouling stage, the NIS risk is considered
minimal.

Further research is needed into the toxicological effects

Locally acquired macrofouling not a risk: If the

of fouling release coatings and any environmental

macrofouling on a hull has been acquired at the location

hazard they pose. If macrofouling is permitted to attach

where it is to be removed, this is not considered to

to fouling release coatings (for example, during a

be a risk of NIS spread, since the organisms are not

lay-up in port), it cannot be removed, in or out of the

introduced from an external environmental zone.

water, without damage to the coating. Again, this will

Recovery systems not workable: Various attempts

contribute to paint deterioration and a rapidly mounting

to recapture the dislodged material by suction or other

fuel penalty. The integrity of the fouling release coating

recovery means have been attempted. Due to the nature

will be compromised by such damage and more fouling

of working underwater, the shape of a ship’s hull and

will build up on the damaged areas.

the type of equipment needed to clean rapidly and
effectively, none of these systems achieve full recovery.

Cleaning hard, inert surface treated
coatings

Experiments show that a system which would effect

Surface treated coatings do not prevent fouling from

make the in-water cleaning so slow and expensive that

accumulating. However, they can be cleaned in or out

it would be cheaper and quicker to drydock the vessel

of the water as often as needed without any toxic effect

and clean the hull out of the water. Certainly no recovery

on the environment and without damage to the coating.

system is capable of preventing the biocide release into

In fact, if cleaned in the water with multi-brush cleaning

the nearby water column and thence to the seabed. But

equipment, the hydrodyamic properties of a surface

none has been developed so far that even captures all of

treated coating are enhanced, dramatically improving

the fouling removed from the hull. Even a few viable

fuel efficiency. The ease of cleaning STCs without

NIS surviving the cleaning can establish themselves in

destructive effect to environment or coating represents a

the new environment and present all the hazards of an

huge advantage over other coating systems.

invasion. If the NIS problem is to be fully handled, then

31

complete recovery, even were this possible, would

this is not the answer.

Removing macrofouling vs. microfouling – NIS risk

Cleaning in drydock

When a ship has arrived from a different environmental

Cleaning a ship’s hull in drydock is the easiest way to

zone with a fouled hull, the act of cleaning that ship’s
hull, regardless of coating, presents a risk of dislodging
viable invasive species which can then establish
themselves in the new zone. These can of course separate
themselves from the hull without any cleaning activity,
but studies have shown that dislodging the macrofouling
through cleaning increases the risk of NIS establishment,
even though the cleaning itself can destroy many of the
organisms removed.32 33
Microfouling not a risk: If the fouling has only reached
microfouling stage, the NIS risk is considered minimal.

29 Daniel Rittschof et al., “Compounds from Silicones Alter Enzyme
Activity in Curing Barnacle Glue and Model Enzymes,” PLoS
ONE, 2011.
30 Monika Nendza, “Hazard assessment of silicone oils (polydimethylsiloxanes, PDMS) used in antifouling-/foul-release-products
in the marine environment,” Marine Pollution Bulletin 54, no. 8
(August 2007): 1190-1196.
31 Hydrex White Paper No. 5, “Underwater ship hull cleaning: costeffective, non-toxic fouling control,” (2011).
32 Oliver Florerl et al., “Review of biosecurity and contaminant
risks associated with in-water cleaning,” prepared by The
National Institute of Water and Atmospheric Research Limited,
commissioned by The Department of Agriculture, Fisheries and
Forestry (Australia), (September 2010), pp. 42-48.
33 Grant A. Hopkins, Barrie M. Forrest, “Management options for
vessel hull fouling: an overview of risks posed by in-water cleaning,”
Oxford Journals, (2008).
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disposed of. Studies show, however, that drydocking a

the danger of spreading NIS since microfouling can be

ship or raising a boat out of the water for cleaning can

disregarded as a risk.38 39 In many circumstances this

also dislodge viable NIS from the hull and thus be the

requires frequent cleaning (perhaps as often as every

cause of spreading NIS.

six weeks or two months depending on sailing pattern

34

and location). Efficient in-water cleaning can be carried

of drydocking fees and loss of income while the ship is

out with minimal interruption to a ship’s schedule. As

out of service. It is a last resort. The current trend is to

demand for in-water cleaning increases, so will the

extend the drydocking interval to save money.35 Frequent

infrastructure to provide this service expand and evolve.

drydocking is not a solution to keeping the hull free of
macrofouling because it won’t work economically. Any

Summary

solution to the NIS problem, no matter how promising in

Because this may seem quite complicated, here is a short

theory, must work in practice and be economically sound

summary of the various factors covered:

NIS out of business, not the shipowners/operators.
If a ship has to go to drydock to meet classification
society requirements or for repairs, then the hull can be

1. NIS spread via hull fouling is a serious situation
which is becoming subject to increasing regulation and legislation. The issue is not simply
going to go away.
2. No hull coating currently available is capable,

sole purpose of removing fouling is not economically

all on its own, of eliminating the NIS risk.

feasible. Fortunately, it is not necessary.

3. Routine hull cleaning including “niche areas” is
key to eliminating the spread of NIS.

Relationship between a smooth, clean
hull and fuel efficiency

4. Frequent drydocking for the purposes of
cleaning the hull may be desirable but is not
economically feasible. It is not the handling.

a smooth, clean hull can save 25% or more in fuel costs

5. In-water cleaning of biocidal antifouling

compared to that same ship operating with a rough,

coatings can damage the coating and poses

fouled hull and deteriorated hull coating. With fuel costs

an environmental hazard. In many areas it is

at their current levels, the amount saved by sailing with

forbidden.
6. Cleaning of fouling release coatings should

costs involved in maintaining the hull in that condition

be limited to microfouling. Trying to remove

through correctly applied suitable hull coating and

macrofouling will damage the coating.

routine maintenance and cleaning. The savings involved
are considerable.36

From a fuel savings point of view, hull fouling
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should be kept down to a light slime at most.37 This
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From a fuel savings point of view, hull
fouling should be kept down to a light
slime at most. This coincides with the
optimum cleaning for eliminating the
danger of spreading NIS since microfouling can be disregarded as a risk.

34 D. M. Coutts et al., “Removing vessels from the water for biofouling
treatment has the potential to introduce mobile non-indigenous
marine species,” Marine Pollution Bulletin 60 (2010) pp. 1533 1540.
35 BIMCO, “Doing without drydocks,” https://www.bimco.org/
Education/Seascapes/Sea_View/Doing_without_drydocks.aspx
(2010) accessed 19 December 2011.
36 Hydrex White Paper No. 2, “The Slime Factor – Shipowners/operators
can gain enormous savings through advanced underwater hull
maintenance technology,” (2010).
37 Ibid.
38 Email correspondence with Dr. Naomi Parker, 2 Nov 2011.
39 Oliver Floerl et al., “Review of biosecurity and contaminant risks
associated with in-water cleaning,” report commissioned by The
Department of Agriculture, Fisheries and Forestry (Australia and
prepared by The National Institute of Water and Atmospheric
Research Ltd., (September 2010), pp: 5, 81-108.
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7. Microfouling and macrofouling can be removed
from surface treated coatings as often as needed
in the water without damage to the coating or
the environment and with favorable results.

Ideally any vessel would leave its port of
departure with a clean hull, no macrofouling at all, even in niche areas.

8. Removing microfouling in the water, no

carry invasive species on its hull. It also happens to be

matter where acquired, poses minimal risk of

by far the most fuel-efficient approach and therefore the

spreading NIS.

most economically favorable.

9. Removing macrofouling acquired in another

If the ship is laid up long enough to accumulate

environmental zone poses a risk of spreading

any macrofouling at any port along the way, it should

viable NIS locally, even if recovery is

again be cleaned before departing that port. Again,

attempted.

not only will this avoid translocation of NIS from

40

10. Removing macrofouling acquired locally poses
no NIS risk.

41

The expense involved in proper hull
protection and maintenance, including
routine in-water cleaning of the hull
and niche areas to keep the fouling to a
light slime at most is compensated for
many times by the saving in fuel alone.

that port, removal of any slime layer and hard fouling
accumulated will also be hugely beneficial from a fuel
savings standpoint.
It is the only real answer.
To bring this about, the following requirements apply:
1. The coating used should be a hard, inert, nontoxic coating, preferably, a surface treated
coating (STC).

11. The expense involved in proper hull protection

2. The hull must be cleaned routinely in the

and maintenance, including routine in-water

water as well as at scheduled drydockings.

cleaning of the hull and niche areas to keep the

In no case should the hull of a ship in active

fouling to a light slime at most is compensated

service be allowed to foul beyond a biofilm

for many times by the saving in fuel alone.42

or slime layer or light weed or grass. It must

12. The real answer to preventing the spread of NIS

be cleaned frequently enough to prevent

lies in the direction of ensuring that ships sail

macrofouling. (An exception would be a ship

with a clean hull from their point of departure,

which has to be laid up for long periods, in

just as much as in attempting to prevent ships

which case the hull should be clean when the

from entering ports or waters with a fouled hull.

ship is laid up and all the fouling should be

Part IV.

A better alternative

T

his begins to remove some of the variables,
simplify the problem and point the way to a

resolution.

cleaned off in-situ before the ship sails. But
even in this case, the stationery ship should be
cleaned from time to time so that the fouling
does not become too thick as it then is much
harder, more time consuming and expensive to
clean off.)
3. This cleaning must include the niche areas of
the vessel. They can be cleaned rapidly using
high pressure water jet equipment, as long as

Ideally any vessel would leave its port of departure with

the right coating has been applied.

a clean hull, no macrofouling at all, even in niche areas.

4. A ship should be thoroughly cleaned before

This is the only way to guarantee that a ship will not

departing a port or zone. Then it will arrive at
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case of a high quality surface treated coating,
no repainting is required. The hull is blasted

frequent, will be paid back many times by the

and fully prepped and the coating is applied

cost of fuel saved on the very next passage.

once only and lasts for the service life of the

Payback is almost immediate.

vessel with only very minor touch-ups required
during regularly scheduled drydocking. This

cleaned before sailing and therefore arrives at

obviates the need to drydock solely for painting

its destination with macrofouling, it should be

resulting in fewer and shorter drydockings.

drydocked and cleaned with due attention to

7. Reduced fuel consumption means lowered

containing and destroying any NIS removed.
In-water cleaning of a heavily fouled hull poses
a greater threat of NIS establishment.

these will increase in availability.
Hard coatings and surface treated coatings are

This alternative approach tends to
substitute manpower and work for
the chemicals which have been relied
on but which have been shown not to
work. This will mean an economic
improvement as more jobs are generated.

available now for immediate application.43
The benefits of this approach can easily be seen:

8. This alternative approach tends to substitute
manpower and work for the chemicals which

marine pollution viewpoint than using harmful

have been relied on but which have been shown

biocides to try to kill the fouling, even if these

not to work. This will mean an economic

biocides were capable of preventing NIS from

improvement as more jobs are generated.

accumulating on ship hulls.
of money in fuel.
3. It is the only real guarantee that NIS will not be
spread via ship hull fouling. If ships leave their
port of departure free of fouling organisms,
they will arrive at their next destination with a
NIS via hull fouling.

Implementation

W

hat will it take to implement this alternative
approach to resolving the NIS problem

worldwide?

4. On a practical level for the shipowner/operator,
As with all workable solutions, there are barriers and

time and fines that will result from having a

obstacles to surmount. However, the end result makes

badly fouled hull and trying to enter waters

overcoming these obstacles very worthwhile and even

where regulations or legislation forbid this.

essential. The added benefit of greatly reduced fuel costs

5. Enlightened ports will offer benefits such

throughout the world fleet makes it doubly so.

as discounted port fees for ships arriving with

What is needed is a willingness to face the problem

a clean hull and a non-toxic hull coating. They

and realize that simply continuing in old patterns will

will recognize the value of keeping their port

not resolve it, since the problem has in fact worsened
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its next port of call free of NIS.

free from contamination and pollution and NIS.
43 Hydrex White Paper No. 4, “Coating comparison,” (2011).
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6. Drydock intervals will be lengthened. In the
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to the point of now necessitating regulatory intervention

unsuccessful practices to full adoption of the

worldwide. There is no need to wait for regulation and

alternative approach proposed herein would

legislation that will inevitably come.

need to be introduced at international level by

Shipowners and operators must work together to

shipping and boating associations, interested

implement an alternative method such as that proposed

NGOs, as well as regulatory bodies such as the

in this White Paper. This may require a new type of

IMO.

contract between owners and operators which results

3. Such a plan needs to include clear standards

in a fair division of costs and benefits for both parties

of levels of fouling which are acceptable and

in a charter contract. Since the operator will save fuel

unacceptable from the NIS point of view as

costs and the owner will benefit from a better preserved

well as methods of inspection and enforcement.

investment with no need for further hull painting for the
life of the vessel, there should be no conflict in working
out how to pay to have the ship hull blasted and properly
prepared, coated with a hard surface treated coating and
then cleaned routinely to keep the hull free of fouling.
An equitable arrangement will result in benefits to both
parties. In the case of shipowners operating their own

Such a plan will also need to not
only permit but encourage in-water
cleaning of ships and boats as long as
they have a non-toxic hull coating and
as long as any macrofouling they bear
was acquired locally and not brought
in from another environmental zone.

ships, cruise lines, navies and any other type of vessel,
the saving will be both from lower fuel consumption and

4. Such a plan will also need to not only permit

the greatly reduced maintenance costs over the useful

but encourage in-water cleaning of ships and

life of the vessel.

boats as long as they have a non-toxic hull

States and ports wishing to keep the waters they

coating and as long as any macrofouling they

are responsible for clean and to prevent the ingress of

bear was acquired locally and not brought in

NIS, will see that an international approach as proposed

from another environmental zone.

here, rather than a strictly local one, is needed in order to

5. Administrative measures, such as ship logs

solve the problem internationally and will be willing to

and records of maintenance, port records of

participate in such an international solution which will

inspection of departing as well as incoming

need to be administered by the IMO.

vessels and other systems need to be intro-

The approach proposed here will substitute work for

duced to ensure that the system is properly

chemicals, create new jobs and thus aid local economies.

implemented. These can be standardized inter-

The alternative handling for NIS proposed in this

nationally under IMO supervision to ensure a

paper consists of the following:

fair and broadly beneficial implementation.

1. Recognition on the part of the shipping industry,

6. The plan will need to take into account small

IMO, states, ports, local government, NGOs

craft, pleasure boats, work boats and other

and all those involved that a global approach to

local marine transport which is capable of

preventing the spread of NIS must be adopted.

spreading NIS in the local environment. The

This should place equal emphasis on not

same approach and precautions should be

permitting ships to leave a port or state with a

taken as with international shipping but the

fouled hull which will then create NIS problems

implementation needs to be worked out on a

for other ports or states, as on preventing such

local basis.

ships from entering their waters.
2. A plan to phase over from the existing

7. The plan would need to be executed over a
reasonable period of time so as to allow all
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smooth running of the shipping and boating industries

term loss or sacrifice.

internationally can be turned to creating a painless, rapid

8. Shipowners and operators need to review their
regard to hull coating systems and underwater
hull maintenance routines and make sure
that the agreements are fair and beneficial to
both parties so that all have an incentive to

One great advantage of this alternative
approach is that all the parts needed to
make it work are already in existence.
Nothing has to be invented.
One great advantage of this alternative approach is
that all the parts needed to make it work are already in

underwater ship hull with this alternative

existence. Nothing has to be invented. No equipment or

approach (hard coating and frequent in-water

hull coating has to be developed. It is simply a matter

cleaning) in mind. Niche areas should be kept

of recognition, acceptance and then cooperation in

to a minimum and must have easy access so

implementation.

that they can be cleaned in the water with high

The other great advantage is that this alternative

pressure water jets. For example, a sea chest

approach will also result in a tremendous saving in

grid would be hinged and easily opened, rather

fuel costs throughout the industry, an accompanying

than bolted in place and hard to access.

reduction in atmospheric emissions and the elimination

None of these measures are beyond the resources,
ingenuity and skills of the shipping industry. As soon
as the value of the alternative approach is grasped,
the collective genius of those responsible for the

environment by heavy metals and biocides.
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IMO 2011 Guidelines for the Control and
Management of Ships’ Biofouling to Minimize
the Transfer of Invasive Aquatic Species

O

n July 15, 2011, the IMO adopted
Annex 26 Resolution MEPC.207(62)
2011 GUIDELINES FOR THE CONTROL
AND MANAGEMENT OF SHIPS’
BIOFOULING TO MINIMIZE THE
TRANSFER OF INVASIVE AQUATIC
SPECIES, the result of a great deal of work
by an MEPC correspondence group led by
New Zealand.

We have published these guidelines in full
with the permission of the IMO, who have
asked that the following notice be included:
THIS MATERIAL MAY NOT BE A
COMPLETE AND ACCURATE VERSION
OF THE ORIGINAL INSTRUMENT/
DOCUMENT AND THE ORIGINAL
INSTRUMENT/DOCUMENT MAY HAVE
SUBSEQUENTLY BEEN AMENDED.

These guidelines are currently voluntary.
They are not the end of the IMO’s work on
the subject of ship hull fouling and the transfer
of NIS.

The original document may be found at the following URL:
http://www.imo.org/blast/blastDataHelper.asp?data_id=30766&filename=207(62).pdf
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ANNEX 26
Resolution mepc.207(62)
Adopted on 15 July 2011

NOTING FURTHER that this issue, being of
worldwide concern, demands a globally consistent

R

on the International Maritime Organization

session, the draft Guidelines for the control and

concerning the functions of the Marine Environment

management of ships’ biofouling to minimize the

Protection Committee relating to any matter within

transfer of invasive aquatic species, developed by the

the scope of the Organization concerned with the

Sub-Committee on Bulk Liquids and Gases,

prevention and control of marine pollution from
ships,

1. ADOPTS the 2011 Guidelines for the control and
management of ships’ biofouling to minimize the
transfer of invasive aquatic species, as set out in

International Maritime Organization made a clear

the annex to the present resolution;

commitment to minimizing the transfer of invasive
aquatic species by shipping in adopting the International

2. REQUESTS Member States to take urgent action

Convention for the Control and Management of Ships’

in applying these Guidelines, including the

Ballast Water and Sediments, 2004,

dissemination thereof to the shipping industry and

FURTHER

that

studies

other interested parties, taking these Guidelines

shown biofouling on ships to be an important means

into account when adopting measures to minimize

of transferring invasive aquatic species which, if

the risk of introducing invasive aquatic species

established in new ecosystems, may pose threats to the

via biofouling, and reporting to the MEPC on any

environment, human health, property and resources,

experience gained in their implementation; and

NOTING the objectives of the Convention on
introduction of aquatic invasive species through ships’
biofouling threatens the conservation and sustainable
use of biological diversity,
NOTING ALSO that implementing practices to

3. AGREES to keep these Guidelines under review
in light of the experience gained.

Interview with
Hydrex CEO,
Boud Van Rompay

Biological Diversity, 1992, and that the transfer and

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

have

Managing Hull-Borne
Invasive Species and
Coastal Water Quality

RECALLING ALSO that Member States of the

Hull Fouling and
Copper Tolerance

HAVING CONSIDERED, at its sixty-second

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

approach to the management of biofouling,

ECALLING Article 38 of the Convention

RECALLING
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The marine environment
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2011 Guidelines for the control and management of ships’ biofouling
to minimize the transfer of invasive aquatic species

control and manage ships’ biofouling can greatly assist
in reducing the risk of the transfer of invasive aquatic
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.2 specific operating profile, including factors such
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1. Introduction

as operating speeds, ratio of time underway
compared with time alongside, moored or at

for the Control and Management of Ships’ Ballast

anchor, and where the ship is located when not in

Water and Sediments, 2004 (BWM Convention),

use (e.g., open anchorage or estuarine port);
.3 places visited and trading routes; and

Organization (IMO) made a clear commitment to

.4 maintenance history, including: the type, age and

minimizing the transfer of invasive aquatic species

condition of any anti-fouling coating system,

by shipping. Studies have shown that biofouling

installation and operation of anti-fouling systems

can also be a significant vector for the transfer

and dry-docking/slipping and hull cleaning

of invasive aquatic species. Biofouling on ships

practices.
1.5 Implementing practices to control and manage

establishment of invasive aquatic species which

biofouling can greatly assist in reducing the

may pose threats to human, animal and plant life,

risk of the transfer of invasive aquatic species.

economic and cultural activities and the aquatic

Such management practices can also improve

environment.

a ship’s hydrodynamic performance and can be
reducing air emissions from ships. This concept

(AFS Convention) addresses anti-fouling systems

has been identified by the IMO in the “Guidance

on ships, its focus is on the prevention of adverse

for the development of a ship energy efficiency

impacts from the use of anti-fouling systems

management plan (SEEMP)” (MEPC.1/Circ.683).

and the biocides they may contain, rather than

1.6 These Guidelines for the control and management

preventing the transfer of invasive aquatic species.

of ships’ biofouling to minimize the transfer of

1.3 The potential for invasive aquatic species trans-

invasive aquatic species (hereafter “the Guidelines”)

ferred through biofouling to cause harm has

are intended to provide a globally consistent

been recognized by the IMO, the Convention on

approach to the management of biofouling. As

Biological Diversity (CBD), several UNEP Regional

scientific and technological advances are made, the

Seas Conventions (e.g., Barcelona Convention for

Guidelines will be refined to enable the risk to be

the Protection of the Mediterranean Sea Against

more adequately addressed. Port States, flag States,

Pollution), the Asia Pacific Economic Cooperation

coastal States and other parties that can assist in

forum (APEC), and the Secretariat of the Pacific

mitigating the problems associated with biofouling

Region Environmental Program (SPREP).

should exercise due diligence to implement the

1.4 All ships have some degree of biofouling, even

Guidelines to the maximum extent possible.

those which may have been recently cleaned or
system. Studies have shown that the biofouling
process begins within the first few hours of a ship’s

2. Definitions
2.1 For the purposes of these Guidelines, the following

immersion in water. The biofouling that may be

definitions apply:

found on a ship is influenced by a range of factors,

AFS Convention means the International Conven-

such as follows:
.1 design and construction, particularly the number,

tion on the Control of Harmful Anti-Fouling Systems on
Ships, 2001.
Anti-fouling coating system means the combination

Upcoming
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location and design of niche areas;
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entering the waters of States may result in the

IMO 2011
Guidelines

Member States of the International Maritime

White Paper 8

1.1 In the adoption of the International Convention
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of all component coatings, surface treatments (including

State to verify the compliance and enforcement of

primer, sealer, binder, anti-corrosive and anti-fouling

standards and regulations relevant to the implementation

coatings) or other surface treatments, used on a ship

of national and international shipping control measures.

to control or prevent attachment of unwanted aquatic

Ship means a vessel of any type whatsoever

organisms.

operating in the aquatic environment and includes

Anti-fouling system means a coating, paint, surface

hydrofoil boats, air-cushion vehicles, submersibles,

treatment, surface, or device that is used on a ship to

floating craft, fixed or floating platforms, floating

control or prevent attachment of unwanted organisms.

storage units (FSUs) and floating production storage and

Biofouling means the accumulation of aquatic
organisms such as micro-organisms, plants, and animals
on surfaces and structures immersed in or exposed
to the aquatic environment. Biofouling can include
microfouling and macrofouling (see below).
In-water cleaning means the physical removal of
biofouling from a ship while in the water.

off-loading units (FPSOs).
States means coastal, port or Member States as
appropriate.
Treatment means a process which may use a
mechanical, physical, chemical or biological method to
remove or render sterile, invasive or potentially invasive
aquatic species fouling a ship.

Invasive aquatic species means a species which may
pose threats to human, animal and plant life, economic
and cultural activities and the aquatic environment.

3. Application

Marine Growth Prevention System (MGPS) means

3.1 The Guidelines are intended to provide useful

an anti-fouling system used for the prevention of

recommendations on general measures to minimize

biofouling accumulation in internal seawater cooling

the risks associated with biofouling for all types

systems and sea chests and can include the use of

of ships and are directed to States, shipmasters,

anodes, injection systems and electrolysis.

operators and owners, shipbuilders, ship cleaning

Member States means States that are Members of
the International Maritime Organization.

and maintenance operators, port authorities, ship
repair, dry-docking and recycling facilities, ship

Macrofouling means large, distinct multicellular

designers, classification societies, anti-fouling

organisms visible to the human eye such as barnacles,

paint manufacturers and suppliers and any other

tubeworms, or fronds of algae.

interested parties. A State should determine the

Microfouling means microscopic organisms including bacteria and diatoms and the slimy substances
that they produce. Biofouling comprised of only microfouling is commonly referred to as a slime layer.

extent that the Guidelines are applied within that
particular State.
3.2 A separate guidance document, based on these
Guidelines, provides advice relevant to owners

Niche areas mean areas on a ship that may be more

and/or operators of recreational craft less than 24

susceptible to biofouling due to different hydrodynamic

metres in length, using terminology appropriate for

forces, susceptibility to coating system wear or damage,

that sector.

or being inadequately, or not, painted, e.g., sea chests,

3.3 States should inform the Organization of any

bow thrusters, propeller shafts, inlet gratings, dry-dock

relevant

support strips, etc.

requirements or restrictions they are applying to

Organization means the International Maritime

biofouling

regulations,

management

international shipping.

Organization.
Port State authority means any official or
organization authorized by the Government of a port
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Biofouling Management Plan
5.2 It is recommended that every ship should have

practical guidance to States, ship masters, operators

plan should be to provide effective procedures for

and owners, shipbuilders, ship repair, dry-dock-

biofouling management. An example of a Bio-

ing and recycling facilities, ship cleaning and

fouling Management Plan is outlined in appendix

maintenance operators, ship designers, classification

1 of these Guidelines. The Biofouling Management

societies, anti-fouling paint manufacturers and

Plan may be a stand-alone document, or inte-

suppliers and any other interested parties, on

grated in part or fully, into the existing ships’

measures to minimize the risk of transferring

operational and procedural manuals and/or planned

invasive aquatic species from ships’ biofouling. It

maintenance system.
5.3 The biofouling management plan should be specific

dures be effective as well as environmentally safe,

to each ship and included in the ship’s operational

practical, designed to minimize costs and delays to

documentation. Such a plan should address, among

the ship, and based upon these Guidelines whenever

other things, the following:

possible.
.1 relevant parts of these Guidelines;
.2 details of the anti-fouling systems and operational

practices, including the use of anti-fouling systems

practices or treatments used, including those for

and other operational management practices to

niche areas;

reduce the development of biofouling. The intent

.3 hull locations susceptible to biofouling, schedule

of such practices is to keep the ship’s submerged

of planned inspections, repairs, maintenance and

surfaces, and internal seawater cooling systems,

renewal of anti-fouling systems;
.4 details of the recommended operating conditions

this guidance and minimizing macrofouling would

suitable for the chosen anti-fouling systems and

have a reduced potential for transferring invasive

operational practices;

aquatic species via biofouling.
4.3 The management measures outlined within these
Guidelines are intended to complement current
industry.

5. Biofouling management
plan and record book

including details on the anti-fouling system(s)
used; and
.6 details of the documentation required to verify
any treatments recorded in the Biofouling Record
Book as outlined in appendix 2.
5.4 The biofouling management plan should be

5.1 Implementation of an effective biofouling mana-

Biofouling Record Book

fer of invasive aquatic species. The biofouling mana-

5.5 It is recommended that a Biofouling Record Book

gement measures to be undertaken on a ship should

is maintained for each ship. The book should record

be outlined in a biofouling management plan, and

details of all inspections and biofouling management

records of biofouling management practices kept in

measures undertaken on the ship. This is to assist the

a biofouling record book, as outlined below.

shipowner and operator to evaluate the efficacy of

Upcoming
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gement regime is critical for minimizing the trans-
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the specific anti-fouling systems and operational
practices on the ship in particular, and of the
biofouling management plan in general. The record
book could also assist interested State authorities to

6. Anti-fouling system
installation and
maintenance

quickly and efficiently assess the potential biofouling

6.1 Anti-fouling systems and operational practices are

risk of the ship, and thus minimize delays to ship

the primary means of biofouling prevention and

operations. The Biofouling Record Book may be a

control for existing ships’ submerged surfaces,

stand-alone document, or integrated in part, or fully,

including the hull and niche areas. An anti-fouling

into the existing ships’ operational and procedural

system can be a coating system applied to exposed

manuals and/or planned maintenance system.

surfaces, biofouling resistant materials used for

5.6 It is recommended that the Biofouling Record

piping and other unpainted components, marine

Book be retained on the ship for the life of the ship.

growth prevention systems (MGPSs) for sea chests

5.7 Information that should be recorded in a Bio-

and internal seawater cooling systems, or other

fouling Record Book includes the following:

innovative measures to control biofouling.
6.2 The anti-fouling system used should comply with

.1 details of the anti-fouling systems and operational

the AFS Convention, where necessary.

practices used (where appropriate as recorded
in the Anti-fouling System Certificate), where

Choosing the anti-fouling system

and when installed, areas of the ship coated, its

6.3 Different anti-fouling systems are designed for

maintenance and, where applicable, its operation;

different ship operating profiles so it is essential

.2 dates and location of dry-dockings/slippings,

that ship operators, designers and builders obtain

including the date the ship was re-floated, and any

appropriate technical advice to ensure an appropriate

measures taken to remove biofouling or to renew

system is applied or installed. If an appropriate anti-

or repair the anti-fouling system;

fouling system is not applied, biofouling accumu-

.3 the date and location of in-water inspections,
the results of that inspection and any corrective
action taken to deal with observed biofouling;

lation increases.
6.4 Some factors to consider when choosing an antifouling system include the following:

.4 the dates and details of inspection and maintenance
of internal seawater cooling systems, the results
of these inspections, and any corrective action
taken to deal with observed biofouling and any
reported blockages; and
.5 details of when the ship has been operating

.1 planned periods between dry-docking – including
any mandatory requirements for ships survey;
.2 ship speed – different anti-fouling systems are
designed to optimize anti-fouling performance
for specific ship speeds;

outside its normal operating profile including any

.3 operating profile – patterns of use, trade routes

details of when the ship was laid-up or inactive

and activity levels, including periods of inactivity,

for extended periods of time.

influence the rate of biofouling accumulation;
.4 ship type and construction; and

5.8 An example of a Biofouling Record Book and
information to be recorded is included as appendix

.5 any legal requirements for the sale and use of the
anti-fouling systems.

2 to these Guidelines.
6.5 Consideration should also be given to the need for
tailored, differential installation of anti-fouling
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susceptible to biofouling growth. Management

match the required performance and longevity of

measures for niche areas are outlined below.
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coating systems for different areas of the ship to
the coating with the expected wear, abrasion and

.1 Dry-docking support strips – Positions of dry-

rudder, or internal seawater cooling systems and

docking blocks and supports should be varied at

sea chest interiors.

each dry-docking, or alternative arrangements
made to ensure that areas under blocks are

6.6 Whether installing, re-installing or repairing the

major refurbishment type of surface preparation

anti-fouling system, care should be taken in surface

and be coated at each dry-docking that they are

preparation to ensure all biofouling residues,

accessible. Where it is not possible to alternate

flaking paint, or other surface contamination is

the position of dry-docking support strips, e.g.,

completely removed, particularly in niche areas, to

in critical weight bearing areas such as under

facilitate good adhesion and durability of the anti-

the engine-room, these areas should be specially

fouling system.

considered and managed by other means, e.g., the

dry-dockings. These areas should receive a

6.7 For sea chests the following should be considered

application of specialized coatings or procedures.

when installing, re-installing, or repairing their

.2 Bow and stern thrusters – The body and area
around bow, stern and any other thrusters prone to
coating damage, should be routinely maintained
at dry-dockings. Particular attention should be

should be protected by an anti-fouling coating

paid to any free flooding spaces which may exist

system that is suitable for the flow conditions of

around the thruster tunnel. The housings/recesses,

seawater over the grate and through the sea chest;

and retractable fittings such as stabilizers and

.2 care should be taken in surface preparation and

thruster bodies, should have an anti-fouling

application of any anti-fouling coating system to

coating system of adequate thickness for optimal

ensure adequate adhesion and coating thickness.

effectiveness.
.3 Edges and weld joints – Exposed edges on the

and edges of sea chests, blowout pipes, holding

hull, such as around bilge keels and scoops, and

brackets and the bars of grates. Grates may require

weld joints, should be faired and coated to ensure

a major refurbishment type of surface preparation at

adequate coating thickness to optimize system

each dry-docking to ensure coating durability; and

effectiveness.
.4 Rudder hinges and stabilizer fin apertures –

in treating the sea chest and internal seawater

Recesses within rudder hinges and behind stabi-

piping as part of the biofouling management plan.

lizer fins need to be carefully and effectively

A careful evaluation of the consequential effects

cleaned and re-coated at maintenance dry-

of MGPSs should be made before installation,

dockings. Rudders and stabilizer fins should be

including potential effects on the ship and/or the

moved through their full range of motion during

environment and the existence of regulations

the coating process to ensure that all surfaces are

affecting the use of MGPSs.

correctly coated to the specification of the anti-

Interview with
Hydrex CEO,
Boud Van Rompay

.3 the installation of MGPSs is encouraged to assist

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

Particular attention should be paid to the corners

Managing Hull-Borne
Invasive Species and
Coastal Water Quality

.1 inlet grates and the internal surfaces of sea chests

Hull Fouling and
Copper Tolerance

anti-fouling systems:

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

painted with anti-fouling, at least at alternate
IMO 2011
Guidelines

Installing, re-installing, or repairing the
anti-fouling system

White Paper 8

water flow rates in specific areas, such as the bow,

fouling system. Rudders, rudder fittings and the
hull areas around them should also be adequately
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coated to withstand the increased wear rates

adopt measures (consistent with applicable nation-

experienced in these areas.

al and local laws and regulations) to ensure that

.5 Propeller and shaft – Propellers and immersed

viable biofouling organisms or chemical and

propeller shafts should be coated with fouling

physical pollutants are not released into the local

release coatings where possible and appropriate,

aquatic environment. These measures include the

to maintain efficiency and enable self-cleaning,

following:

so that the need for regular in-water cleaning and
polishing is minimized.

.1 capturing biological material to minimize the risk

.6 Stern tube seal assemblies and the internal sur-

of organism survival and establishment and other

faces of rope guards – Exposed sections of stern

impacts of biological material being released into

tube seal assemblies and the internal surfaces of

the aquatic environment;

rope guards should be carefully painted with anti-

.2 treating and/or disposing of captured biological

fouling coating systems appropriate to the degree

material in an environmentally appropriate man-

of water movement over and around these surfaces.

ner;

.7 Cathodic protection (CP) anodes – Niche areas

.3 scheduling of ships’ arrival and departure at

for biofouling can be minimized if: anodes are

cleaning and maintenance facilities and at

flush-fitted to the hull; a rubber backing pad is

locations where ships are moored while waiting

inserted between the anode and the hull; or the

for cleaning and maintenance to minimize the

gap is caulked. Caulking the gap will make the

risk of fouled ships contaminating other ships and

seam or joint watertight. If not flush-fitted, the

the surrounding environment;

hull surface under the anode and the anode strap

.4 removing biofouling from all underwater surfaces

should be coated with an anti-fouling coating

of a ship when in dry-dock, including niche areas;

system suitable for low water flow to prevent

and

biofouling accumulation. If anodes are attached

.5 lowering or extending retractable equipment such

by bolts recessed into the anode surface, the recess

as stabilizers, thrusters, transducers and similar

should be caulked to remove a potential niche.

when a ship is in dry-dock or slipped, to permit

.8 Pitot tubes – Where retractable pitot tubes are

access for the removal of biofouling from the

fitted, the housing should be internally coated
with an anti-fouling coating system suitable for

equipment and its housing.

the pipe opening and accessible internal areas. The

7. In-water inspection,
cleaning and
maintenance

anti-corrosive or primer coating selected should

7.1 Despite the use of effective anti-fouling systems

be appropriate to the specific pipe mate-rial if this

and operational practices, undesirable amounts

material is different to the hull. Care should be

of biofouling may still accumulate during the

taken in surface preparation and coating application

intended lifetime of the anti-fouling system. To

to ensure good adhesion and coating thickness.

maintain a ship as free of biofouling as practical, it

static conditions.
.9 Sea inlet pipes and overboard discharges – Antifouling coating systems should be applied inside

may be advisable for the ship to undertake in-water

Procedures for ship maintenance and
recycling facilities

inspection, cleaning and maintenance.

6.9 Ship maintenance and recycling facilities should
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fenders when alongside, leading edges of bilge

7.2 In-water inspection can be a useful and flexible

keels and propeller shaft “y” frames).
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In-water inspection of ships
means to inspect the condition of anti-fouling
inspections should be undertaken periodically as a

can be practical options for in-water inspections

general means of routine surveillance, augmented

although they do have limitations regarding

by specific inspections as necessary to address any

visibility and available dive time compared with

situations of elevated risk. Specific occasions when

the area to be inspected, and difficulties with

an in-water inspection may be appropriate, include

effectively accessing many biofouling prone

the following:

niches. Such surveys should be undertaken by
persons who are suitably qualified and experienced
and familiar with biofouling and associated

or significant or unforeseen change to the ship’s

invasive aquatic species risks and the safety risks

operating profile;

relating to in-water surveys. Regulatory authorities

.2 prior to undertaking in-water cleaning to determine the presence of known or suspected invasive

may have recommended or accredited biofouling
inspection divers.

aquatic species or other species of concern on the
ship;

In-water cleaning and maintenance
7.5 In-water cleaning can be an important part of

species of concern is discovered in a ship’s

biofouling management. In-water cleaning can

internal seawater cooling systems; and

also introduce different degrees of environmental

.4 following damage to, or premature failure of, the
anti-fouling system.

risk, depending on the nature of biofouling (i.e.
microfouling versus macrofouling), the amount of

7.3 It is recommended that ship operators identify niche

the biocidal content of the anti-fouling coating

areas on the ship that may accumulate biofouling to

system. Relative to macrofouling, microfouling can

enable these areas to be effectively targeted during

be removed with gentler techniques that minimize

inspections. Areas may include the following:

degradation of the anti-fouling coating system
and/or biocide release. Microfouling removal

- sea chests;

fuel consumption and greenhouse gas emissions.

- rudder stock and hinge;

It is, therefore, recommended that the ship’s

- stabilizer fin apertures;

hull is cleaned when practical by soft methods if

- rope guards, stern tube seals and propeller shafts;

significant microfouling occurs. In-water cleaning

- cathodic protection anodes;

can also reduce the risk of spreading invasive

- anchor chain and chain lockers;

aquatic species by preventing macrofouling

- free flood spaces inherent to the ships’ design;

accumulation.

- sea chest and thruster tunnel grates;

7.6 It may be appropriate for States to conduct a

- echo sounders and velocity probes;

risk assessment to evaluate the risk of in-water

- overboard discharge outlets and sea inlets; and

cleaning activities and minimize potential threats

- areas prone to anti-fouling coating system damage

to their environment, property and resources. Risk
assessment factors could include the following:
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.1 biological risk of the biofouling organisms being

foul. In-water cleaning or scrubbing of hulls for

removed from the ship (including viability of the

the purpose of delaying dry-dockings beyond the

biofouling organisms or the ability to capture

specified service life of the coating is, therefore,

biofouling material);

not recommended.

.2 factors that may influence biofouling accumu-

7.9 Immersed areas coated with biocide-free anti-

lation, such as changes to the operating profile of

fouling coating systems may require regular in-

the ship;

water cleaning as part of planned maintenance to

.3 geographical area that was the source of the
biofouling on the ship, if known; and
.4 toxic effects related to substances within the antifouling coating system that could be released
during the cleaning activity, and any subsequent
damage to the anti-fouling coating system.

maintain hull efficiency and minimize the risk of
transferring invasive aquatic species. Cleaning
techniques should be used which do not damage
the coating and impair its function.
7.10 Any maintenance or repair activities should take
care not to impede future in-service cleaning and/
or maintenance, e.g., care should be taken to ensure

7.7 Personnel proposing to undertake in-water cleaning should be aware of any regulations or require-

sea chest grates do not become welded shut during
repair work.

ments for the conduct of in-water cleaning, includ-

7.11 Care should be taken to ensure that any MGPSs

ing any regulations regarding the discharge of

installed are operating effectively to prevent

chemicals into the marine environment and the

accumulation of biofouling.

location of sensitive areas (such as marine protect-

7.12 Regular polishing of uncoated propellers to

ed areas and ballast water exchange areas). Where

maintain operational efficiency will also minimize

significant macrofouling growth is detected, it

macrofouling accumulation. Uncoated propeller

should be removed or treated (if this can be done

shafts may require cleaning at the same time as the

without damaging the anti-fouling system) in

propeller. As a ship’s routine propeller polishing

accordance with such regulations. Where available,

will involve the use of divers, it is recommended

appropriate technology should be used to minimize

that this opportunity is taken to assess sea chests,

the release of both anti-fouling coating or paint

and other similar areas, for macrofouling.

debris, and viable adult, juvenile, or reproductive

7.13 Internal seawater cooling systems need to be

stages of macrofouling organisms. The collected

regularly monitored to ensure effective biofouling

material should be disposed of in a manner which

control is maintained. Seawater cooling systems

does not pose a risk to the aquatic environment.

that operate while the ship is in port may be

7.8 For immersed areas coated with biocidal anti-

vulnerable to biofouling accumulation, and should

fouling coatings, cleaning techniques should be

be closely monitored. If seawater cooling systems

used that minimize release of biocide into the

become fouled, they should be appropriately

environment. Cleaning heavily fouled anti-fouling

treated. Any discharge of treated water from internal

coating systems can not only generate biofouling

seawater cooling systems should be undertaken in

debris, but prematurely depletes the anti-fouling

accordance with applicable regulations.

coating system and may create a pulse of biocide
that can harm the local environment and may
impact on future applications by the port authority

8. Design and construction

for the disposal of dredge spoil. Depleted anti-

8.1 Initial ship design and construction offers the most

fouling coating systems on hulls will rapidly re-

comprehensive, effective and durable means by
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opening arrangements designed for in-water

design and construction of a ship, or when a ship is

inspection, maintenance and operation;

being significantly altered, the following should be

.4 sponsons and hull blisters – use fully enclosed
in preference to free flooding types, with access
provisions made for in-water inspection, cleaning

.1 Small niches and sheltered areas should be

and maintenance;
.5 stern tube seal assemblies and rope guards –

flush mounting pipes in sea chests. Where not

design for in-water inspection, cleaning and

practical, these should be designed so that they

maintenance; and

may be easily accessed for inspection, cleaning
and application of anti-fouling measures.

.6 immersible and seabed equipment – ensure
facilities for equipment washdown during re-

.2 Rounding and/or bevelling of corners, gratings

trieval and enclosed washdown areas for cleaning

and protrusions to promote more effective

of equipment on board, if necessary, are provided.

hinging of gratings to enable diver access.
.3 Providing the capacity to blank off the sea chest
and other areas, such as moon pools, floodable
docks and other free flood spaces, for treatment

9.1 States are encouraged to maintain and exchange
information relevant to these Guidelines through the
Organization. Accordingly, States are encouraged

8.2 Internal seawater cooling systems should be

to provide the Organization with the information

designed and made of appropriate material to

related to the management of biofouling as follows:

minimize biofouling and constructed with a
piping.

.1 copies of current regional, national and local laws,
regulations, standards, exemptions or guidelines;
.2 technical and research information, including

ensuring effective safety and operation of the

any studies on the impact and control of invasive

ship, where practical, particular attention should

aquatic species in ships’ biofouling, and on the

be given to avoidance of unfilled gaps in all skin

efficacy and practicality of environmentally

fittings and the detailed design of the items as

protective in-water cleaning technologies;

follows:

.3 education materials such as CD’s, DVD’s or
printed materials; and
.4 the location of and the terms of use for cleaning

smooth surfaces to maximize flow efficiency, fit

and maintenance services and facilities for ships

MGPS, and steam or hot water cleaning systems,

and equipment that comply with these Guidelines.

grills and their opening arrangements designed
for in-water inspection and maintenance;

9.2 State authorities should provide ships with timely,

.2 retractable fittings and equipment – avoid external

clear and concise information on biofouling

reinforcement (such as stiffeners) where possible,

management measures and treatment requirements

design for in-water inspection and maintenance;

that are being applied to shipping and ensure these
are widely distributed. Shipowners and operators

water line or accessible to divers, grills and their

should endeavour to become familiar with all

Upcoming
Events

.3 tunnel thrusters – tunnels to be above light
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requirements related to biofouling by requesting
such information from their port or shipping agents
or competent authorities (i.e. State authorities).
State authorities should also provide ships with

procedures;
.4 biofouling management measures and associated
safety procedures; and
.5 relevant health and safety issues.

any available information on particular invasive
aquatic species that may be present in a port

10.2 States and industry organizations should ensure

and could attach to a ship as biofouling (e.g., if

that relevant marine training organizations are

a particular species of concern is spawning) in a

aware of these Guidelines and include this in their

timely manner.

syllabuses as appropriate.

9.3 Organizations or shipping agents representing
shipowners and operators should be familiar with
the requirements of State authorities with respect to

11. Other measures

biofouling management and treatment procedures,

11.1 To the extent practical, States and port authorities

including information that will be needed to

should aim to ensure smooth flow of ships going

obtain entry clearance. Verification and detailed

in and out of their ports to avoid keeping ships

information concerning State requirements should

waiting offshore so that anti-fouling systems can

be obtained by the ship prior to arrival.

operate as effectively as possible.

9.4 To monitor the effectiveness of these Guidelines,

11.2 States may apply other measures on ships within

States, as part of the evaluation process could

their jurisdiction for the purpose of providing

provide to the Organization details of records

additional protection for their marine environment,

describing reasons why ships could not apply these

or in emergency situations. In managing emergency

Guidelines, e.g., design, construction or operation

situations for biofouling, States should consider the

of a ship, particularly from the view point of ships’

guidance document for ballast water emergency

safety, or lack of information concerning the

situations (BWM.2/Circ.17).

Guidelines.

11.3 States should take into account these Guidelines
when developing other measures and/or restrictions

10. Training and education

for managing ships’ biofouling.
11.4 Where other measures are being applied, States

10.1 Training for ships’ masters and crews, in-water

should notify the Organization of the specific

cleaning or maintenance facility operators and

requirements, with supporting documentation, for

those surveying or inspecting ships as appropriate

dissemination to other States and non-governmental

should include instructions on the application of

agencies where appropriate.

biofouling management and treatment procedures,
based upon the information contained in these
Guidelines. Instruction should also be provided on
the following:
.1 maintenance of appropriate records and logs;
.2 impacts of invasive aquatic species from ships’
biofouling;
.3 benefits to the ship of managing biofouling and

11.5 The application of other measures by States should
not place the safety of the ship and crew at risk.

12. Future work
Research needs
12.1 States and other interested parties should encourage
and support research into, and development of
technologies for:

the threats posed by not applying management
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.7 the rapid response to invasive aquatic species

and microfouling particularly in niche areas

incursions, including diagnostic tools and erad-

(e.g., new or different anti-fouling systems and

ication methods.

biofouling);
.2 in-water cleaning that ensures effective management of the anti-fouling system, biofouling

12.2 Potential operational benefits of such technologies
should also be highlighted and relevant information
provided to the Organization.
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.1 minimizing and/or managing both macrofouling

and other contaminants, including effective cap.3 comprehensive methods for assessing the risks
associated with in-water cleaning;

Independent information needs
12.3 Summaries are needed of the different types of antifouling systems and other biofouling management
measures currently available, how they work

.5 reducing the macrofouling risk posed by the

and their performance under different operating

dry-docking support strips, (e.g., alternative keel

conditions and situations. This information could

block designs that leave less uncoated hull area);

assist shipowners and operators when making

.6 the geographic distribution of biofouling invasive

decisions about the most appropriate coatings and

aquatic species; and

coating systems for their ship type and activity.
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APPENDIX 1
BIOFOULING MANAGEMENT PLAN AND RECORD BOOK
Format and content of Biofouling Management Plan

T

Index

Plan (the Plan). It is important that the Plan be

A table of contents should be included.

he following information should be considered
when developing a Biofouling Management

specific to each ship.
The Plan may be a stand-alone document or integrated

Purpose

in part or full in the ships’ operational and procedures

The purpose of the Plan is to outline measures for

manuals and/or planned maintenance systems.

the control and management of ships’ biofouling in
accordance with the Guidelines for the control and

Introduction

management of ships’ biofouling to minimize the

This section should contain a brief introduction for

It provides operational guidance for the planning and

the ship’s crew, explaining the need for biofouling

actions required for ships’ biofouling management.

management, and the importance of accurate record
keeping.
The Plan should state that it is to be available for
viewing on request by a port State authority and should
be written in the working language of the crew.

transfer of invasive aquatic species (the Guidelines).

Description of the
anti-fouling systems
The Plan should describe the anti-fouling systems in
place for different parts of the ship, including as follows:

Ship particulars
At least the following details should be included:

- type(s) of anti-fouling coating systems applied;
- details of where anti-fouling systems are and are
not applied or installed;

- Ship’s name.

- manufacturer and product names of all coat-

- Flag.

ings or products used in the anti-fouling coating

- Port of registry.

systems; and

- Gross tonnage.
- Registration number (i.e. IMO number and/or
other registration numbers, if applicable).

- anti-fouling system specifications (including dry
film thickness for coatings, dosing and frequency
for MGPSs, etc.) together with the expected

- Regulation Length.

effective life, operating conditions required for

- Beam.

coatings to be effective, cleaning requirements

- Ship type (as classified by Lloyds Register – see

and any other specifications relevant for paint

Table 1).

performance.

- International call sign and Maritime Mobile
Service Identity (MMSI).

Previous reports on the performance of the ship’s antifouling systems should be included, if applicable, and
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Table 1: Ship types, as classified by Lloyd’s Register

Liquid Natural Gas Carrier

salvage tug

anchor handling tug/
supply

drill ship

Liquid Petroleum Gas
Carrier

seismographic
research

asphalt tanker

ferry

livestock

semi-sub heavy lift
vessel

barge

fire fighting tug

meteorological research

suction dredger

bulk carrier

fire fighting tug/supply

naval auxiliary tanker

supply

bulk carrier with container
capacity

fish carrier

naval vessel

support

bulk cement carrier

fish factory

oceanographic research

tank barge

bulk ore carrier

fishery protection

offshore safety

tanker (unspecified)

bunkering tanker

fishing (general)

passenger (cruise)

trailing suction
hopper dredger

cable ship

floating gas production

passenger roll on roll off

training

chemical tanker

floating production tanker

patrol ship

trawler (all types)

combined bulk and oil
carrier

floating storage tanker

pipe layer

tug

combined chemical and oil
tanker

fully cellular containership

pollution control vessel

tug/supply

combined LNG and LPG
Gas Carrier

general cargo

pontoon

vehicle carrier

combined ore and oil
carrier

general cargo with
container capacity

product tanker

whaler

crane barge

grab dredger

pusher tug

wood-chip carrier

crane ship

hopper barge

reefer

yacht

crude oil tanker

hopper dredger

research

cutter suction
dredger

icebreaker

research/supply ship

diving support

landing craft

roll on roll off with
container capacity
ship’s anti-fouling systems and operational practices,

documentation should also be referenced, as appropriate.

including:

Description of operation
profile

- typical operating speeds;
- periods underway at sea compared with periods
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anchor handling fire
fighting tug/supply

berthed, anchored or moored;
- typical operating areas or trading routes; and

has determined the performance specifications of the

- planned duration between dry-dockings/slippings.
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The Plan should describe the ship’s operating profile that
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Description of areas on
the ship susceptible to
biofouling

biofouling is observed, and any other actions that can
be taken to minimize the accumulation of biofouling on
the ship. Table 1 provides an example of an action plan.

The Plan should identify the hull areas, niche areas and

A diagram of the ship should be included in the Plan

seawater cooling systems on the ship that are particularly

to identify the location of those areas of the ship that

susceptible to biofouling and describe the management

are particularly susceptible to biofouling (including

actions required for each area. It should also describe

access points in the internal seawater cooling systems).

the actions to be taken if the ship is operating outside of

If necessary these should show both side and bottom

the desired operating profile, or if excessive unexpected

views of the ship.

Table 2: Biofouling management action plan
Areas of the ship which are particularly
susceptible to biofouling

Management actions required for
each area (e.g., inspections, cleaning,
repairs and maintenance)

Management actions to be
undertaken if ship operates outside
its usual operating profile

External hull surfaces:
- Vertical sides
- Flats
- Boottop
- Bow dome
- Transom
Hull appendages and fittings:
- Bilge keels
- A-brackets
- Stabilizer fins
- CP anodes
Steering and propulsion:
- Propeller
- Propeller shaft
- Stern tube seal
- Anchor chain
- Chain locker
- Rope guard
- Rudder
- Bow/Stern thrusters
- Propeller
- Thruster body
- Tunnel
- Tunnel grates
Seawater intakes and internal seawater
cooling systems:
- Engine cooling system
- Sea chests (identify number and
position)
- Sea chest grate
- Internal pipework and heat exchanger
- Fire-fighting system
- Ballast uptake system
- Auxiliary services system
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procedures. This would include information such as
when each MGPS is run, for how long and any cleaning/
maintenance requirements of the system once use is
operators on procedures for biofouling management if

operation and maintenance of the anti-fouling system(s)

the MGPS is temporarily out of operation.

step operational procedures.

Details of specific operational or safety restrictions,

This section should stipulate the schedule of planned

including those associated with the management system

inspections, repairs, maintenance and renewal of the

that affects the ship and/or the crew.
Details of specific safety procedures to be followed
during ship inspections.

In-water cleaning and maintenance
procedures
This section should set out planned maintenance
that need to be completed between dry-docking events

This section should contain procedures for the disposal

to minimize biofouling. This should include routine

of biological waste generated by treatment or cleaning

cleaning or other treatments. Details should be provid-

processes when the cleaning is conducted by, or under

ed on the treatment/cleaning to be conducted, the

the direct supervision of, the shipowner, master or crew.

areas to which each specific treatment/cleaning is to
be applied, step-by-step operational procedures where

Recording requirements

relevant and any other details relevant to the processes

This section should contain details of the types of

(e.g., chemicals required for treatment, any discharge

documentation to be kept to verify the operations and

standards).

treatments to be recorded in the Biofouling Record Book

Operation of onboard treatment
processes
This section should provide specific advice about
MGPS fitted, internal seawater cooling systems

Crew training and
familiarization
This section should contain information on the provision

associated maintenance and inspection schedule and

of crew training and familiarization.
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Safety procedures for the
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finished. This section should also include advice for ship

This section should contain a detailed description of the
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APPENDIX 2
BIOFOULING MANAGEMENT PLAN AND RECORD BOOK
Biofouling Record Book Form
2011 Guidelines for the control and management of ships’ biofouling
to minimize the transfer of invasive aquatic species

Period From: ….……………………….…….…………………………… To: ….…………….……………………….…….…………….…
Name of Ship ….…………….……………………….……………………….………………….……………………………………….………
Registration number*……………………………….…………………….……………………….……………………….………………………
Gross tonnage ….………………….……………………….……………………….……………………….……………………….……………
Flag ….……………………….….……………………….……………………….……………………….……………………….………………
*

Registration number = IMO number and/or other registration numbers.

The ship is provided with a Biofouling Management Plan
Diagram of ship indicating underwater hull form (showing both side and bottom views of the ship, if necessary) and
recognized biofouling niches:

1. Introduction

b. Date that ship was re-floated.
c. Any hull cleaning that was performed while dry-

The Guidelines recommend that a Biofouling Record

docked, including areas cleaned, method used

Book is maintained for each ship, in which should be

for cleaning and the location of dry-dock support

recorded the details of all inspections and biofouling

blocks.

management measures undertaken on the ship.

2. Entries in the Biofouling
Record Book

d. Any anti-fouling coating system, including patch
repairs, that was applied while dry-docked.
Detail the type of anti-fouling coating system, the
area and locations it was applied to, the coating
thickness achieved and any surface preparation

The following information should be recorded in the

work undertaken (e.g., complete removal of

Biofouling Record Book:

underlying anti-fouling coating system or application of new anti-fouling coating system over

2.1 After each dry-docking:

the top of existing anti-fouling coating system).
e. Name, position and signature of the person in

a. Date and location that the ship was dry-docked.

charge of the activity for the ship.
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2.2 When the hull area, fittings, niches and voids below
the waterline have been inspected by divers:

cleaning occurred.
b. General observations with regard to biofouling

reason for survey.

of biofouling and predominant biofouling types,
e.g., mussels, barnacles, tubeworms, algae,

b. Area or side of the ship surveyed.

slime).

c. General observations with regard to biofouling

c. Any cleaning or treatment undertaken.
d. Methods of cleaning or treatment used.

fouling types, e.g., mussels, barnacles, tubeworms,

e. Any supporting evidence of the actions taken
(e.g., report from the classification society or

d. What action was taken, if any, to remove or
otherwise treat biofouling.

contractor, photographs and receipts).
f. Name, position and signature of the person in
charge of the activity.

(e.g., report from the classification society or
contractor, photographs and receipts).

2.5 For ships with a MGPS fitted:

f. Name, position, signature of the person in charge
of the activity.

a. Records of operation and maintenance (such

2.3 When the hull area, fittings, niches and voids below
the waterline have been cleaned by divers:

mechanical functions of the systems).
b. Any instances when the system was not operating
in accordance with the biofouling management

a. Date and location of ship when cleaning/treatment

plan.

b. Hull areas, fittings, niches and voids cleaned/
treated.

2.6 Periods of time when the ship was laid up/inactive
for an extended period of time:

c. Methods of cleaning or treatment used.
d. General observations with regard to biofouling

a. Date and location where ship was laid up.
b. Date when ship returned to normal operations.

biofouling

c. Maintenance action taken prior to and following

e.g.,

mussels,

barnacles,

tubeworms, algae and slime).
e. Any supporting evidence of the actions taken
(e.g., report from the classification society or

the period laid up.
d. Precautions taken to prevent biofouling accumulation (e.g., sea chests blanked off).

contractor, photographs and receipts).
cleaning if applicable.

2.7 Periods of time when ship operating outside its
normal operating profile:

g. Name, position and signature of the person in
charge of the activity.

a. Duration and dates when ship not operating in
accordance with its normal operating profile.

2.4 When the internal seawater cooling systems have
been inspected and cleaned or treated:
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(i.e. extent of biofouling and predominant bioalgae and slime).

White Paper 8

of internal seawater cooling systems (i.e. extent
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2.8 Details of official inspection or review of ship
biofouling risk (for ships arriving internationally,

of the activity for the ship.

if applicable):
2.9 Any additional observations and general remarks:
a. Date and location of ship when inspection or
review occurred.

a. Since the ship was last cleaned, has the ship spent

b. Port State authority conducting the inspection/

periods of time in locations that may significantly

review and details of procedures followed or

affect biofouling accumulation (e.g., fresh water,

protocol adhered to and inspector/s involved.

high latitude (Arctic and Antarctic) or tropical

c. Result of inspection/review.

ports).

d. Name, position, signature of the person in charge

Record of Biofouling Management Actions
Sample biofouling record book page
Name of Ship: ….………………….…….………….…….…………………………….…………….……………………….…….……………
Registration number: ….…………….…….……………………….……………………….………………….………………………………

Date

Item (number)

Record of management actions

Signature of officers in charge

Signature of master …………………………...……
***

38
Journal 5.indd 38

9/03/12 09:48

IMO 2011
Guidelines
Review of biosecurity
and contaminant
risks associated with
in-water cleaning

The review represents an enormous amount of
research and work on the subject of in-water

cleaning and hull-borne aquatic invasive
species and should be read in its entirety.
Unfortunately at 136 pages, the original
document is too long to be published in full
here, but we have excerpted some sections
and included them in the Journal and highly
recommend that those interested read the entire
paper. We will post a link in the References
section of www.shiphullperformance.org to
this and the other references in this Journal.
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• Progress has been made with developing non-biocidal
coating types. The currently most widely used

and Conservation Council (ANZECC) developed the

firm adhesion of biofouling organisms. Biofouling

Code of Practice for Antifouling and In-water Hull

prevention of these coatings requires either fast vessel

Cleaning and Maintenance (hereafter referred to as the

speed or regular in-water cleaning. Another emerging

ANZECC Code). The ANZECC Code was developed

non-biocidal technology is mechanically resistant

out of dual concerns over the toxic effects of antifouling

coatings, or surface treatment coatings. These

biocides on the marine environment and the potential

coatings are intended to be used in combination with

of in-water ship hull cleaning practices to facilitate the

regular hull cleaning.
• The principal in-water hull cleaning technologies
currently available or in development are systems

release of toxic chemicals and biofouling organisms into

to remove biofouling from hull areas. Heat treatment

the marine environment. It prohibits in-water cleaning

and hull encapsulation are technologies currently in

of vessels unless a permit is granted by the relevant

development. Each technology has shortcomings:

management authority. The ANZECC Code is currently

− None of the brush-based or water jet systems

at variance with the International Convention on the

reviewed are demonstrably able to remove 100

Control of Harmful Antifouling Systems on Ships,

per cent of biofouling from targeted surfaces or

ratified by Australia in 2007, because it accepts the use

to contain 100 per cent of the removed material.

of tributyltin-based antifouling coatings.

Many systems are unable to access and clean
niche areas (hull recesses or protrusions). In

internationally with the development of non-biocidal

addition, brush-based and water jet systems can

antifouling coatings and novel hull cleaning technologies

be abrasive and damage antifouling coatings.

that reduce the risk of releasing contaminants or

These systems are currently associated with a

biofouling organisms into the marine environment. This

high risk of releasing biocidal coating material

report represents a literature review and analysis of the

and potentially NIS into the surrounding

benefits and risks of in-water cleaning associated with

environment.
− Heat treatment technology is being developed for

whether an alternative approach to the current protocols

proactive treatment to prevent the development

within the ANZECC Code is appropriate.The main

of biofouling beyond the primary successional

findings of our review are as follows:

stage (microbial films and algal biofouling).
Heat treatment is not available for treatment of
extensive, tertiary biofouling, and is unable to

range of primary and ‘booster’ biocides, including

treat biofouling in niche areas. This technology is

copper, iron, zinc, diuron, irgarol 1051 and others.

also currently only available for large commercial

There is a lack of empirical data on the effects of

vessels. This is a technology in development and

many biocides on marine organisms and ecosystems.

independent evaluations of its effectiveness or

However, an increasing number of studies suggest

effects on antifouling coatings are not available.
− Encapsulation of vessels using plastic sheeting

coatings are highly toxic to a wide range of aquatic

or specially designed envelope systems can

non-target organisms.

be an effective way of killing biofouling on a
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vessel provided that the encapsulation system

not be regarded as appropriate in-water cleaning

is installed correctly. This is a technology in

methods because their effectiveness, associated

development and independent evaluations of its

environmental risks and impacts on antifouling

effectiveness or effects on antifouling coatings

coatings are not fully understood. This should

are not available.

be revised once conclusive and independent test

• In-water hull cleaning is generally significantly

results become available.

cheaper than removing a vessel from the water

− Biofouling often occurs principally in niche areas

for cleaning. This is because of differences in the

that are (frequently) not coated in antifouling

direct costs of cleaning methods and the potentially

paints. Many niche areas are important for the

substantial indirect costs (losses in revenue)

operation of vessels and need to be maintained.

associated with shore-based cleaning of commercial

Vessel owners and operators should be encouraged

vessels.

or required to take proactive measures that

• We evaluated the environmental (biosecurity and

prevent the development of mature biofouling in

contamination) and economic risks associated with

niche areas. This can be achieved by frequent in-

different methods for in-water and shore-based hull

water cleaning (before calcareous growths occur)

maintenance based on four risk factors: biofouling

and/or the use and performance monitoring of

origin (local or foreign), biofouling extent, anti-

marine growth prevention systems (MGPSs).

fouling coating type and cleaning method. Based on

− The development of in-water cleaning technol-

the results of our evaluation, we make the following

ogies that more effectively capture biofouling

suggestions:

and coating waste should be encouraged, as it

− In-water cleaning should be permissible only on

would result in a higher level of acceptability for

vessel surfaces that are coated in non-biocidal

in-water cleaning of surfaces coated in biocidal

antifouling coatings or no coating at all, and

paints and/or containing biofouling from foreign

where biofouling is restricted to a slime layer

sources.

(primary biofouling).

• Our evaluations of risk are intended as a starting

− In-water cleaning of surfaces containing secon-

point for discussion, and will benefit from discussion

dary and tertiary biofouling should be permissible

with, and feedback from, managers and stakeholders.

only if the biofouling is of local origin.
− In-water cleaning should be permissible only if
the cleaning method does not damage the antifouling coating.
− In-water cleaning of hull or niche area surfaces
coated in biocidal antifouling coatings should not
be permissible because commercially available
in-water cleaning technologies are currently not
able to capture and contain all biological and
paint waste released during the cleaning process.
This is a particularly high risk in instances where
abrasive or high- pressure cleaning exposes older
antifouling coatings that contain TBT.
− Heat treatment and enveloping technologies are
developing technologies. They should at this stage
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1. Introduction
1.1 Background to development
of the ANZECC Code

T

• application, use, removal and disposal of antifouling
coatings
• practices for in-water cleaning and maintenance of
vessels.

he build-up of biofouling—marine plants and

Development of the ANZECC Code was prompted by

animals that grow on submerged surfaces—is

the dual concerns (highlighted above) over the toxic

an impediment to efficient operation of sea-going

effects of antifouling biocides (particularly TBT and

vessels. It imposes penalties on vessel performance,

copper-based compounds) on the marine environment

fuel consumption and cooling systems (Woods

and the potential to facilitate the establishment of

Hole Oceanographic Institution 1952; Christie and

unwanted exotic species. The ANZECC Code describes

Dalley 1987). Owners and operators of vessels spend

practices that should be avoided to prevent release of

significant sums of money on measures to prevent bio-

toxic chemicals and exotic species into the marine

fouling and to remove accumulated growth. Preven-

environment and recommends protocols to contain

tion is most commonly achieved through application

potentially harmful waste. It prohibits in-water cleaning

of antifouling coatings on the vessel, which leach

of vessels except by permit.

toxic chemicals that inhibit settlement of marine

The second part of the ANZECC Code (in-water

organisms. Several of these chemicals, most notably

cleaning and maintenance) only applies to commercial

the organotin compound tributyltin (TBT), have

vessels. There appears to be no single official definition

been shown to accumulate in the marine environment

for a commercial vessel in Australia. The closest term for

and to have significant effects on non-target marine

commercial vessel mentioned in Australia’s Navigation

organisms (AMOG 2002).

Act 1912 is ‘trading ship’, which is defined as:

Biofouling is also an important vector for the carriage of

a ship that is used, or, being a ship in the course of

NIS (Carlton 2000). Recent studies suggest that vessel

construction, is intended to be used, for, or in connection

biofouling may rival ballast water in the diversity and

with, any business or commercial activity and, without

number of species transported (Drake 2007) and that it

limiting the generality of the foregoing, includes a ship

may contain a larger proportion of NIS (Gollasch 2002).

that is used, or, being a ship in the course of construction,

Therefore, removal of biofouling and/or maintenance of

is intended to be used, wholly or principally for:

paint surfaces while the vessel is in the water, entail two
types of environmental risk:

a. the carriage of passengers or cargo for hire or
reward; or

1. the release and accumulation in the marine environment of toxic contaminants from paint coatings

b. the provision of services to ships or shipping,
whether for reward or otherwise;

2. the release of NIS (as adults, larvae or viable gametes)
into environments where they would not normally

but does not include a Commonwealth ship, a fishing

occur (Minchin and Gollasch 2003).

vessel, a fishing fleet support vessel, an offshore industry
mobile unit, an offshore industry vessel to which this Act

The ANZECC Code was released in 1997 to provide

applies, an inland water ways vessel or a pleasure craft.

guidance to boat owners, industry and government in
Australia and New Zealand on the appropriate:

The ANZECC Code thus applies to merchant vessels
such as bulk carriers and tankers, as well as to passenger
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by the Australian Government. The code does allow for

water cleaning of surfaces that lack biocides may not

exemptions to be granted to commercial vessels ‘under

be associated with the pollution risks attributed to other

extraordinary circumstances’. In-water cleaning of sea

types of paints. In addition, recent advances in in-water

chests, sea suction grids and propellers of commercial

hull cleaning technology include the development of

vessels may be permitted provided that:

systems that are able to collect and retain biofouling and
paint waste removed from a vessel’s hull.

• all biological material removed from these structures

There is also growing acceptance of the possibility
that a controlled form of in-water cleaning may create

• permission to carry out this work has been granted by

a smaller biosecurity risk than non-management of

the regional or local administering authority

biofouling. Australia has recently developed national

(ANZECC 1997).

biofouling management guidelines for recreational,

IMO 2011
Guidelines

is captured and contained
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ing of any hull surfaces coated in antifouling paint. In-

Welcome to the
Journal of Ship
Hull Performance
January 2012

(cruise) vessels, but not to fishing vessels or ships owned

commercial (trading and non-trading) and fishing vessels,
industry (National System for the Prevention and

Environmental Protection Committee (MEPC) to

Management of Marine Pest Incursions 2009 a,b,c,d,e).

develop a global, legally binding instrument to address

These guidelines encourage vessel owners to minimise

the harmful effects of TBT contained in antifouling

biofouling through a high standard of vessel hygiene.

coatings (Champ 2003). These efforts resulted in the

In-water cleaning is strongly discouraged on the basis

International Convention on the Control of Harmful

of the ANZECC Code. However, controlled in-water

Antifouling Systems on Ships (the AFS Convention).

cleaning may be a viable option depending on factors

The AFS Convention entered into force internationally

such as limited availability of drydocking facilities, the

and for Australia on 17 September 2008. It is imple-

origin of the biofouling, method of removal, containment

mented in Australia through the Commonwealth Pro-

and disposal and so on.

tection of the Sea (Harmful Anti-fouling Systems)

As a result, the Natural Resource Management

Act 2006. The AFS Convention banned TBT-based

Ministerial Council (NRMMC), which took over some

antifouling coatings from being applied to any vessels

of the functions of ANZECC in 2001, has agreed to a

from January 2003, and from being present on any

review of the ANZECC Code that includes a re-

vessels from January 2008.

evaluation of the environmental and biosecurity risks

sections of the ANZECC Code are at variance, as it
indicates that TBT-based antifouling coatings may be
used on vessels greater than 25 m in length in Australia.
In recent years, there have also been significant changes
different antifouling technologies and a concomitant
increase in the use of products that contain alternative
biocides or technologies. Some modern paint types,
such as fouling-release coatings, do not contain active
biocides, but require high vessel speed or regular

2. Review of developments
in marine antifouling
coatings technology,
their properties and
environmental effects

T

he names and affiliations of individuals
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contacted for information presented in this
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The ANZECC Code currently prohibits in-water clean-
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2.1 Types of antifouling coatings
and their characteristics

adhesion of biofouling organisms, use biocides that
are not released into the water column or use natural
biocides that have no contaminant effects in the marine

Antifouling coatings can be categorised into: a) those

environment (Table 2.1). In this section, we provide a

that control hull biofouling by releasing biocides

review of antifouling coatings that are currently in use

and b) non-biocidal coatings, which either provide

or in development.

surface characteristics that inhibit the attachment and
Table 2.1: Antifouling coating types currently in use or in development on the global market
Antifouling
coating type

Biocidal /
non-Biocidal

conventional
soluble matrix

Main Biocides

Main use

service life*

Biocidal

traditionally copper, iron or zinc
oxides (previously also arsenic
and mercury)

All vessel types

cv: 48 mo
rv: 24 mo

conventional
insoluble matrix/
contact leaching/
hard

Biocidal

copper compound and booster
biocides (usually diuron,
chlorothalonil, thiram or zineb)

commercial and
recreational vessels

cv: 12-36
mo rv:
12-24 mo

controlled
depletion
polymer (cdp)/
ablative

Biocidal

cuprous compound and booster
biocides

commercial and
recreational vessels.
Less suitable for
high-speed vessels or
tropical waters

cv: 36 mo
rv: 24 mo

self-polishing
copolymer
(tbt-free spc)

Biocidal

cuprous compound and
booster biocides (usually
‘new’ biocides, including zinc
pyrithione, copper pyrithione or
sea-nine 211)

see cdp/ablative

cv: 60 mo
rv: 24 mo

Hybrid coatings

Biocidal

copper pyrithione is the most
commonly used booster biocide
for Hybrid spc-cdp products

Developing technology

fouling-release

non-biocidal; biofouling settlement/
attachment deterrent

Biocide-free; the most
successful coatings are based on
silicone

High-speed vessels,
or regular cleaning
required

natural biocides

non-biocidal

natural active compounds

Developing technology

Biocide-free
mechanically
resistant

non-biocidal;
requires frequent
cleaning treatment

n/a

Also referred to as surface treatment coatings
increasing usage

Biocide-free
self-polishing
copolymer

non-biocidal

n/a

Developing technology

fibrous coatings

non-biocidal;
biofouling settlement
deterrent

n/a

Developing technology
– currently unproven

non-leaching
biocidal

non-biocidal

toxins act on attached
biofouling only, not released to
marine environment

Developing technology

nanoparticle
technology

non-biocidal;
biofouling settlement
deterrent

n/a

Developing technology

electromagnetic
and sonic
deterrents

non-biocidal;
biofouling settlement
deterrent

n/a

Developing technology
– currently unproven

* CV = commercial vessels

RV = recreational vessels

60+ mo if
properly
maintained

10 years +

mo = months
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solubility, increases the expected life span to three years

minimise biofouling growth by continuously releasing

and improves film-forming capacity (discussed below).

active agents from or through the coating surface. The

Rosin also oxidises easily and is susceptible to damage

performance, efficiency and effective life of a biocidal

by UV exposure, so rapid immersion (within 12 to 24

antifouling coating is limited by the mechanism and

hours) is required after application. This characteristic

control of biocide release and the efficacy of the toxin.

also makes it an unsuitable coating for vessels that are

The rate of biocide delivery must be sufficient to

drydocked or stored on hard-stands for extended periods.

maintain a concentration which is toxic to, or inhibits

For coatings with high rosin content, high vessel speed

the success of, potential biofouling organisms over an

can erode the matrix too quickly to provide an effective

extended period of time (AMOG 2002).

antifouling solution.
An additional downfall of this system is the

Biocide particles in conventional systems are physically

materials at the coating surface. Along with deposition

dispersed within, or ‘freely associated’ with, the matrix

of cupric carbonate, a thick leached layer causes the

of the antifouling coating. Seawater penetrates the

inhibition of biocide discharge and reduced control

surface of the coating, dissolving the biocide particles

over release rate, which declines exponentially for

which then diffuse towards the surface and are leached

this antifouling system. This limits the antifouling

(AMOG 2002). Two types of paint matrices are, or have

performance and also results in increased surface

been, employed: soluble matrix systems and insoluble

roughness, which creates drag and influences vessel

matrix or contact leaching systems.

performance.
The leached layer must be removed before

is usually a copper compound, combined with the

recoating. Biocidal activity in stationary conditions is

secondary, ‘booster’ biocides diuron, chlorothalonil,

relatively weak, making this coating type unsuitable

thiram or zineb. Booster biocides have been developed

for slow-speed vessels or ships that remain idle for long

to attain broader spectrum protection than can be

periods (Almeida et al. 2007). Nevertheless, because of

achieved with a copper biocide alone (see Section 2.4).

their relatively low cost, soluble matrix coatings are still
commonly used on recreational vessels.

Soluble matrix coatings

Traditionally, conventional soluble matrix coatings

soluble resin matrix, usually rosin or a derivative of

mercury as biocides, fillers or pigments. The popularity

this compound. The acidic resin continuously dissolves

of conventional soluble matrix coatings has declined as

when in contact with alkaline seawater, releasing

improved antifouling technologies have evolved and as

the biocide at a constant but uncontrolled rate. The

restrictions on the use of environmentally hazardous

mechanical strength of this coating is poor because rosin

chemicals become more stringent.

is brittle and cracking or coating detachment may occur.

uncontrolled erosion and biocide release, this limited the

Conventional insoluble matrix or ‘contact leaching’

effective life (the period over which the coating provides

systems are based on hard, porous resins that are

adequate protection against biofouling organisms) to 12

insoluble and do not erode in seawater. Examples of

to 15 months (Almeida et al. 2007). Modern systems

these compounds include acrylic, vinyl, epoxy and
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chlorinated rubber polymers (AMOG 2002; Yebra et

type coatings provide the best resistance to damage by

al. 2004). Mechanical strength is good in comparison

abrasion, affording successful protection for vessels, or

to soluble matrix coatings, allowing thicker layers to be

areas of vessels, that are subject to elevated levels of

applied (Yebra et al. 2004) and higher concentrations of

wear. It is robust enough to withstand fine sanding or

biocides to be incorporated (Almeida et al. 2007). The

burnishing and is suitable for vessels that are regularly

biocide particles near the coating surface are dissolved

cleaned or that frequently ground or lie on the seabed

by seawater and released, exposing the underlying

at low tide. The very slow erosion rate provides lasting

particles for subsequent release. As the process

protection for fast-moving vessels or those moored in

advances, seawater must penetrate deeper into the

areas of strong tidal flow (Altex Yacht and Boat Paint

insoluble coating and the biocide particles must diffuse

2008).

through the increasingly porous structure of the matrix
The effective life of the coating is reliant on a

2.1.1.2 Controlled depletion polymer / ablative
coatings

sufficiently high biocide content to ensure contact

Poor control over the rate of biocide release from

between biocide particles and seawater. As with soluble

conventional soluble matrix coatings was addressed by

matrix conventional coatings, the rate of biocide release is

the development of the controlled depletion polymer

not well controlled; initially high then declining rapidly,

(CPD) system. Physical control over dissolution is

along with protection efficacy, towards the end of the

achieved by adding high-performance polymeric rein-

effective life. After approximately two years in service,

forcing resins to the soluble binding materials. These

the supply of biocide is reduced to insufficient levels to

components dissolve in unison with the binder and the

diffuse to the coating surface and achieve an effective

biocide when in contact with salt water, forming ‘micro-

rate of biocide release (AMOG 2002). Generally, the

lumps’ which are removed from the coating surface via

expected effective life of traditional insoluble matrix

a process termed ‘ablation’ (AMOG 2002; Almeida

coatings is between 12 and 24 months. Modern hard-

et al. 2007). This mechanism provides very effective

type formulations (which are usually based on modified

biofouling protection and, since thicker layers of CDP

epoxy matrices) now provide improved control over

coatings can be applied in comparison to conventional

biocide release rates, particularly for copper-based

soluble matrix systems, the effective life is increased to

coatings, increasing the effective life expectancy to

up to 36 months in suitable conditions.

and a thick layer of already-leached compounds.

between 24 and 36 months (Altex Yacht and Boat Paint
2008, but see Finnie and Williams 2009).

Ablative coatings are suited to displacement vessels,
including commercial ships, fishing craft and cruising

A shortcoming of the insoluble matrix system is

yachts. The rate of ablation is excessive for high-speed

that hull surfaces become progressively roughened

vessels and the rate at which the components are released

by the residual ‘empty’ coating matrix, reducing ship

is affected by water temperature and salinity. In warm

performance (AMOG 2002) and resulting in a weak

tropical, more saline waters, the coating is sloughed off

substrate. Sealing or removal is then required before new

too rapidly to provide adequate antifouling performance.

coatings can be applied. This ‘honeycomb’ structure can

Ablative coatings are easily damaged by abrasion and so

also retain impurities from the seawater, which may

are not suitable for vessels that are subject to mechanical

block the release of biocides (Almeida et al. 2007).

wear or frequent cleaning. Traditional hull-cleaning

An advantage of this coating type is that the hard,
insoluble matrix is resilient to damage by oxidation,

techniques, such as scrubbing, can damage and remove
the coating and shorten the life span.

reducing drydocking problems (Almeida et al. 2007).

As with conventional soluble matrix coatings, the

Of the antifouling coatings commonly used today, hard-

layer of leached materials emitted by CDP coatings
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surface layer is relatively thick, insoluble surface

This is a significant improvement over the exponential

precipitates may form (Lewis 1998). Exposure to air

decline of biocide release rates from conventional

during drydocking or hard-stand periods does not affect

coatings. This mechanism also produces a ‘self-

coating performance or integrity and reapplication is

polishing’ smoothing effect on the coating surface in

straightforward since the matrix build is reduced over

proportion to vessel speed, which reduces drag and

time; however, expense may be increased by the need

improves vessel efficiency.
When this technology was developed in the late

time of CDP coatings is longer than for other coating

1960s, the organotin- based tributyltin (TBT) copolymer

types and if the manufacturer’s recommendations are

was identified as a highly successful toxin for use with

not adhered to, the resultant surface may not provide

this system, providing effective biofouling protection

consistent polishing rates or good ‘self-smoothing’

for at least five years. Minimised drag, extended periods

performance (Chambers et al. 2006).

between drydocking (at least five years) and significant

squared of antifouling coating and are suitable for use

fuel savings that provided significant benefits for ship

in low biofouling conditions or by vessels with short

owners and the marine industry. Other advantages of this

drydock intervals (Anderson 2006). They are widely

product include the ability to reapply the coating without

used by pleasure vessels and small ships (Almeida et

having to remove or seal paint residues, short drying

al. 2007). In comparison to other biocidal coatings,

times and resistance to damage during exposure to air.
The polymer chemistry and binder composition

compounds and booster biocides to ensure antifouling

could be modified to customise the polishing and biocide

success (Almeida et al. 2007), although more recently

release rate to the activity and speed of different vessels,

developed coatings offer reduced copper content and

to maximise the effective life span of the coating. Slow-

emissions in an effort to provide more ‘environmentally

polishing coatings were developed for high-speed

safe’ products.

vessels and faster polishing coatings provided sufficient
biocide emissions to achieve biofouling protection

The biocides in self-polishing copolymer coatings

2004). These advantages all contributed to TBT-based

(SPCs) are chemically bonded to the polymer backbone

SPCs historically dominating the antifouling coating

of the paint binder to form a copolymer, as opposed to

market, with an estimated 70 per cent of all commercial

the free association of biocides in conventional coatings.

shipping using this system in 1999 (Almeida et al. 2007).

This bond is hydrolysed by contact with seawater,

However, concerns about the harmful side-effects of TBT

resulting in a soluble acidic polymer and the release

compounds on the marine environment and organisms

of the biocide. This reaction is confined to within a

and the consequent recent ban of its use have prompted

few nanometres of the coating surface (AMOG 2002),

the development of alternative TBT-free SPCs.

resulting in comparatively very thin leached layers

‘New technology’ TBT-free SPCs

immersion (Anderson 1998). The active layer of the

Copper acrylate, zinc acrylate and silyl polymers have

coating is continuously replaced as both the biocide and

replaced TBT as the main copolymers in the next

soluble polymers are released from the surface and the

generation of SPCs. Seawater reacts with these polymers

underlying copolymers are exposed to seawater. This

in the same way as with TBT copolymers, hydrolysing

provides a highly successful mechanism of controlled

the ester linkage between the acrylic backbone polymer
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and the biocidal component (Anderson 1998). Thin

Polishing performance, film properties and control over

active surfaces and minimised leached layers are

biocide release are approximately comparable to SPC

achieved. This range of ‘new technology’ TBT-free

systems, but the leached layer is not as thin so antifouling

SPCs are claimed to provide self-polishing performance,

performance is not as effective (although still better than

controlled

long-term

CDP systems). Copper pyrithione is the most commonly

performance comparable to TBT-SPCs. New products

used booster biocide for Hybrid SPC- CDP products,

are marketed with effective working lives similar to

and is regarded as more effective than the secondary

TBT-SPCs (up to 60 months). Almeida et al. (2007)

biocides used in CDP products (Anderson 2006).

biocide

release

rates

and

indicate that the maximum service life of this type of
coating is usually three years, but effective life spans of

2.1.2 Non-biocidal coatings

up to five years have been reported.

There is growing concern and increasing evidence that

The majority of these products are based on copper

the biocides which have replaced TBT in conventional

acrylate with additional booster biocides to provide

and ‘new technology’ antifouling coatings have detri-

protection against the full spectrum of biofouling

mental effects on the marine environment and non-target

organisms. These secondary biocides are usually ‘new’

organisms (Yebra et al. 2004; Evans et al. 2000). Bans

biocides, including zinc pyrithione, copper pyrithione or

and restrictions on the use of copper-based coatings

Sea-Nine 211.

are being considered in a number of places. Recent

There are also concerns about the impact of many

research and development efforts are therefore focused

of these biocides on marine organisms and environments

on alternative antifouling mechanisms and non-biocidal

(see Section 2.3).

active compounds that can provide ‘environmentally
safe’ options (AMOG 2002).

2.1.1.4 Hybrid SPC-CDP coatings

Several biocide-free systems are in development

Hybrid products, which are beginning to emerge on

but currently the only commercially viable system

the antifouling coating market, combine the action of

that has been developed and successfully marketed is

multiple antifouling mechanisms, or may incorporate

based on ‘non-stick’ fouling-release technology. Other

new components. For example, paint manufacturer

alternative, non-biocidal antifouling systems, including

Hempel has developed an alternative self-polishing

natural biocide technology, require further development

mechanism based on hydrolysable zinc carboxylate salt

before they can be considered as commercial options.

binder technology and reinforced with microfibres to
improve mechanical strength and resistance to damage

2.1.2.1 Fouling-release, ‘non-stick’ coatings

(AMOG 2002).

The fouling-release concept was first considered in

International Coatings market an antifouling

1972, prior to the release of TBT-SPC coatings, but

coating which combines self-polishing acrylic polymers

product development was delayed due to the success

with rosin to provide a hybrid antifouling system. Via

and popularity of the latter cheaper and more effective

hydrolysis of the SPC component and hydration of the

option. Restrictions on the use of TBT, along with

rosin, this system provides antifouling performance that

concerns about the environmental impacts of the

is midway between the highly effective SPC system

biocides that have replaced it, provided the impetus to

and the less well controlled CDP system. The cost

develop this technology and make a practical system

of applying and maintaining hybrid coatings is also

commercially available.

intermediate. The expected effective life of this system

Fouling-release coating systems are, by design,

is up to three years for vertical surfaces or up to five

‘non-stick’, providing surface characteristics that aim to

years for flat surfaces where biofouling is less severe.

prevent the settlement of biofouling organisms or allow
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organisms grow or are subjected to water movement.

components that are not compatible with metal-based

The bond between the coating surface and the organism

coatings. concept of incorporating natural, non-toxic

is weakened by the low surface energy and low elastic

biocides (Yebra et al. 2004). However, these have not

modulus of the synthetic polymers and copolymers on

yet been commercialised and are not currently available

which these coatings are based (AMOG 2002; Holm et

to the antifouling coatings market.

polymers and on silicone have been developed and tested,

Zealand and Australia is moored for 80 per cent of the

with silicone-based coatings proving the most effective.

year, activity levels are not sufficient to promote the

Silicon-based coatings can be applied in thicker layers

self-cleaning action of fouling-release coatings. In such

than those based on fluorinated polymers, which allows

cases, prevention of biofouling accumulation requires

the organism-to-coating bond to be fractured via a more

regular hull cleaning. Slow-moving or predominantly

efficient peeling action rather than shearing (Yebra et al.

static vessels coated with fouling-release paint would

2004).

require frequent hull cleaning to remain biofouling free
and to minimise the risk of alien species translocation

currently relies on vessel speed and activity to dislodge

(Chambers et al. 2006). Almeida et al. (2007) comment

any organisms that do attach, in particular the low-profile

that after three years of exposure in seawater, biocide-

biofilms that are formed by diatoms. Self-cleaning has

free fouling-release coatings are hardly able to prevent

been demonstrated for vessels that frequently maintain

the attachment of marine organisms on around 20 per

speeds between 15 and 30 knots, depending on the

cent of stationary submerged surfaces. This demonstrates

biofouling community (AMOG 2002; Chambers et al.

the need for activity and high vessel speeds to dislodge

2006; Srinivasan and Swain 2007). Therefore, technology

and prevent biofouling.
Accumulated biofouling can be removed from

port turn-around periods and sufficient activity levels

fouling-release paints by high-pressure spraying, poten-

(International Coatings indicate the minimum to be

tially reducing the period of time spent in drydock. Since

greater than 7600 sea miles per month).

the effluent is biocide-free it is not necessary to treat
enough, drydock intervals can be flexible (up to 60

longer, but are more expensive to apply than other

months). Maintenance and repair costs may be further

antifouling coatings (AMOG 2002). The smooth, glossy

reduced because only touch-ups are required up until 60

coating surface minimises surface roughness and drag,

months of service, followed by only a single recoat after

improving vessel speed and fuel consumption. This

this period (Anderson 2006). Drydocking costs can be

improved vessel performance may offset the higher

avoided or minimised by the employment of in-water

initial cost of application; however, an efficiency

hull cleaning methods, however silicone-based coatings

penalty may exist until the accumulated biofouling

are less robust than copper-based antifouling coatings

communities are released from the hull (Chambers et

and are prone to damage by traditional, abrasive in-water

al. 2006). A number of silicone-based fouling-release

hull cleaning methods (Holm et al. 2003; Chambers

coatings are commercially available, providing a viable

et al. 2006). To provide for the anticipated increased

and increasingly popular coating option for high-speed

use of fouling-release coatings, there is a need for the

vessels such as fast ferries, patrol boats, high-speed

development of mechanised, non-abrasive underwater

catamarans and other commercial or naval vessels

surface cleaning methods and effective cleaning regimes

(AMOG 2002; Srinivasan and Swain 2007). This

(Lewis 2001).
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As well as being more expensive, the application

the scheduling of cleaning and improved protection

of silicone-based coatings is also more complicated

(AMOG 2002). As discussed in Section 3, in-water

than for other antifouling systems, requiring specialised

hull cleaning methods range from simple removal of

equipment and skilled applicators. Adhesion to the hull

biofouling by divers or diver-operated cleaning devices,

is poor; it cannot be successfully applied over existing

through to sophisticated remote-controlled systems.

coatings and requires a ‘tie coat’ before recoating (Yebra

Some areas of a ship’s hull are difficult to access, and

et al. 2004). Although biocide-free, some fouling-release

may be missed by automated cleaning mechanisms

coatings contain fluid additives to improve performance;

and require manual cleaning and/or application of an

these coatings may leach oils with unknown environ-

effective antifouling coating to ensure protection; these

mental effects (Yebra et al. 2004).

areas include bilge keels and stern and rudder arches

Research continues in attempts to improve the

(AMOG 2002; Yebra et al. 2004; Almeida et al. 2007).

durability and antifouling performance of fouling-

An ideal antifouling system for this scenario would be

release coatings and to extend the market within the

a non-biocidal fouling-release system, so that removal

shipping industry. Recent studies are investigating the

of biofouling is as effective and efficient as possible.

concept of incorporating natural, non-toxic biocides

However, the most effective fouling-release coatings

(Yebra et al. 2004). However, these have not yet been

are silicone-based and are susceptible to damage by

commercialised and are not currently available to the

abrasion.

antifouling coatings market.

An alternative antifouling system has recently been
developed called ‘Surface Treated Coatings’ (STCs)

2.1.2.3 Biocide-free mechanically resistant
coatings (with regular mechanical cleaning)

(Van Rompay 2008). The coating is non-biocidal and is

Minimised levels of biofouling, along with long

ment. This treatment involves ‘conditioning’ to reduce

intervals between costly drydocking activities, good

the surface roughness of the coating and cleaning to

ship performance and reduced fuel consumption, can be

remove any early development stage biofouling. By

achieved by regular underwater hull cleaning. Several

minimising surface roughness, the ease with which

important factors determine the success of this approach:

biofouling organisms can attach is reduced and drag

sufficiently robust to withstand regular in-water treat-

is improved. While regular treatment with specially
• diligent and regular hull cleaning schedule to avoid
the build-up of biofouling
• effective and affordable hull cleaning methods and
equipment
• a paint type that is robust to abrasion and is non-

designed mechanised rotating brushes is required, the
process is described as time-efficient and economically
sound and an effective means to maintain coating
integrity, improve vessel efficiency and minimise
biofouling.

biocidal, to minimise the emission of toxic effluent

When conventional antifouling coatings are

and to avoid impacts on the marine environment and

cleaned using in-water methods, surface roughness is

non-target organisms.

in-creased, but cleaning and conditioning of STCs
results in smoother surfaces. The highly durable

It has been proposed that even if the coating is just a

matrix has provided comparatively long service lives,

hard, smooth anti-corrosive paint with no antifouling

reduced requirements for reapplication and ‘excellent

properties, paint condition can be maintained and

antifouling protection’ on test-vessels. The formulation

biofouling can be controlled for several years if cleaned

of one commercially available STC includes glass flakes,

regularly (Yebra et al. 2004). However, the use of a

providing a very hardwearing, resilient surface which can

biofouling deterrent would provide more flexibility in

withstand repeated in-water cleaning treatments; tests
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have indicated no harmful effects after 500 treatments.

2.3.2 Zinc oxide

(fouling-release) which is easily damaged and can only

Zinc oxide is commonly used in copper-based coatings

be cleaned using soft brushes. While soft brushes can

as a filler or extender, reducing the amount of more costly

effectively remove early development biofouling such

copper compounds required for effective antifouling

as biofilms, the removal of biofouling species that attach

performance. Zinc oxide also provides some beneficial

during extended stationary periods generally requires

biofouling protection qualities (AMOG 2002).

more abrasive techniques.
Because STCs are biocide-free, the discharge

2.4 Booster biocides

cleaning is allegedly eliminated. Continued testing

protection against the majority of biofouling organisms,

will investigate this claim, as well as quantifying the

but cannot successfully control several important

economic and environmental benefits associated with

biofouling species which exhibit physiological tolerance

observed fuel-efficiency improvements and the reduced

to copper (Harino 2004). These include the algal

risk of marine pest translocations associated with good

genera Enteromorpha and Ectocarpus, and the diatom

antifouling protection (Van Rompay, 2008).

Achnanthes (Voulvoulis et al. 2002). In a review of the
occurrence and effects of antifouling coating booster

2.3 Primary biocides
2.3.1 Copper and copper compounds

biocides, Konstantinou and Albanis (2004) indicated
that 18 compounds are used worldwide as antifouling
biocides. The most commonly used compounds included,
at that time, irgarol 1051, diuron, Sea-Nine 211,

TBT-based antifouling coatings have driven research and

dichlofluanid, chlorothalonil, zinc pyrithione, TCMS

development of alternative, TBT-free biocides. Today

(2,3,3,6-tetrachloro-4-methylsulfonyl) pyridine, TCMTB

copper and copper compounds, specifically cuprous

[2-(thiocyanomethylthio) benzothiazole], and zineb.

oxide, cuprous thiocyanate and copper metal, have

Other important compounds include dithiocarbamates

replaced TBT as the most commonly used and effective

maneb, thiram and ziram (AMOG 2002).

coatings (Voulvoulis et al. 2002; Srinivasan and Swain

biocides can range from specific protection against

2007). Of these, cuprous oxide is the most widely used

diatom slimes (thiram and nabam) or macroalgae

due to its low cost and ability to provide relatively broad-

(irgarol 1051) via photosynthesis inhibition, through

spectrum antifouling protection. Cuprous oxide has a

to protection against a broad spectrum of biofouling

corrosive effect on aluminium and, therefore, copper

organisms provided by chlorothalonil and Sea-Nine

thiocyanate is preferred for use on aluminium-hulled

211 (AMOG 2002 and references therein). Many of

vessels or components, including stern drives (AMOG

these biocides have been, or are, used as agricultural

2002).

pesticides, fungicides and herbicides (Voulvoulis et al.
1999; Harino 2004), with documented harmful side-

antifouling coatings is shorter than that of cuprous oxide-

effects for humans and non-target species. Concerns

based paints, seldom providing more than two years of

that some may have adverse environmental effects

protection. This can be attributed to the superior control

(Scarlett et al. 1999; Madsen et al. 2000; Voulvoulis et

over toxin release rates achieved by cuprous oxide-based

al. 2000) has led some countries to restrict or ban their

coatings. The technology for leaching control of non-

use (Srinivasan and Swain 2007). The persistence and
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impact of booster biocides in the marine environment

are compromised by the lack of published toxicity data

and on non-target organisms are discussed in later

(Voulvoulis et al. 1999; Evans et al. 2000). The available

sections of this review.

information indicates that many booster biocides are

The antifouling coatings and biocidal constituents

highly toxic to both target and non-target species. This is

that are currently registered and approved for use in

to be expected given their origins as agricultural biocides

New Zealand by the Environmental Risk Management

and their inclusion as active ingredients in antifouling

Authority (ERMA) and in Australia by the Australian

coating formulations.

Pesticides and Veterinary Medicines Authority (APVMA)
in Appendix 1.

2.5 Risks to marine environments
posed by biocides and potential
for exacerbation of risk through
in-water cleaning

Several studies have collected and reviewed data
on the occurrence of copper and booster biocides in
coastal waters (e.g. Voulvoulis et al. 2000; Thomas et al.
2001; Srinivasan and Swain, 2007). Diuron and irgarol
1051 were found at concentrations above the limits of
detection in areas of high boating activity in the United
Kingdom by Thomas et al. (2001). Irgarol 1051 has been

Along with providing effective control of a broad

detected in water samples from southern England, the

spectrum of biofouling organisms, an ideal antifouling

Mediterranean Sea, Denmark, Japan and Queensland

agent should:

(Australia), at concentrations that may be high enough
to cause damage to a range of non-target organisms,

• be rapidly degraded to non-toxic derivatives once
released into the marine environment
• be minimally toxic to, or not bioaccumulate within,
non-target organisms
• be quickly partitioned to reduce bioavailability
(Jacobson 1998).

including microalgae, endosymbiotic corals, seagrasses
and, therefore, herbivorous mammals such as dugongs
(Evans et al. 2000 and references therein).
Concerns are growing about the effect of copperbased antifouling coatings on the marine environment. In
areas of high boating activities, elevated concentrations
of copper have been detected. This scenario is likely to

Despite more than a century of research effort there are

continue and increase as more vessels employ copper-

still few effective antifouling biocides with the ideal

based biofouling control in the wake of the TBT ban

combination of physical, chemical and toxicological

(Srinivasan and Swain 2007). Copper naturally occurs

properties that can address these conflicting requirements

in the marine environment and is an essential nutrient

(i.e. toxicity to diverse biofouling species but not to non-

for organism growth, but elevated concentrations can

target species) (AMOG 2002).

have harmful effects on marine algae and animals (Voul-

The available information on the occurrence, fate,

voulis et al. 1999). The most toxic form of copper

toxicity and environmental effects of copper and booster

is the free copper ion, which is quickly bound or

biocides has been reviewed and assessed by Voulvoulis

chaelated by organic ligands in the marine environment,

et al. (1999, 2002). These authors, along with several

effectively minimising the bioavailability and reducing

others (e.g. Evans 2000; Thomas et al. 2001; Yebra et al.

concentrations to non-toxic levels. Both copper and

2004) comment that there is a paucity of data and

zinc have been observed to affect the growth, feeding

information available and that the current knowledge

and development of marine invertebrates and plankton

about toxicity, sub-lethal effects and environmental

(Johnson et al. 2007 and references therein).

persistence is incomplete. Accurate risk assessments are

Synergistic interactions between copper and some

required to gauge and regulate the potential effects of

booster biocides have been detected, raising concerns

these compounds, but these assessments are difficult and

about additive effects and potential impacts on the
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maneb and ziram have been observed to form lipophilic

chemistry information is collected and the environmental

complexes with copper. These complexes reduce the

impact of each compound is evaluated, categorised

toxic threshold concentrations by one and two orders of

and regulated accordingly. In New Zealand, ERMA

magnitude, respectively, in a toxicity test for the ciliate

<http://www.ermanz.govt.nz> provides public access

Colpidium campylum (Voulvoulis et al. 1999).

to this information via a chemical classification
information database. In Australia, the same function is

released into the marine environment, varies consid-

carried out by APVMA. The relevant information about

erably. For example, Sea-Nine 211 is reported to be

the environmental persistence of approved antifouling

readily biodegradable, whereas diuron and irgarol 1051

biocides and their documented toxicity to aquatic

are considered non-biodegradable and may be expected

organisms is summarised in Table 2.2.

to accumulate in the environment (Voulvoulis et al.

Traditional in-water hull cleaning practices involve the

but it has been hypothesised that they may accumulate

mechanical removal of biofouling using abrasive devices,

in sediments (Yebra et al. 2004). Dichlofluanid is

including brushes and scrapers. Insoluble / hard matrix

relatively insoluble in water and may also potentially

conventional coatings are the most robust of the biocidal

bioaccumulate by becoming associated with particulate

antifouling coatings available. This type of paint is often

matter (Thomas et al. 2001).

used by craft that are frequently cleaned, such as racing

considered non-biodegradable due to their toxicity and

sanded or burnished before races to achieve minimum

several commonly used booster biocides. The results

drag. It is also used in areas of high wear, such as the

indicated that irgarol 1051 and diuron may have serious

loading zone of fishing vessels, because of its resistance

consequences for aquatic organisms and their use should

to damage by abrasion. Most types of traditional in-water

only be permitted after further toxicity studies. Zinc

hull cleaning techniques will not damage this type of

pyrithione and zineb were considered comparatively

coating, although scrapers and very coarse nylon brushes

less harmful to the environment. The authors com-

may have a harmful effect, especially if used frequently.

mented that the ‘risk associated with the use of TCMS

Ablative coatings are designed to slough off

pyridine, TCMTB and even dichlofluanid should be

layers of matrix and biocides as water moves over the

well established before their use is permitted, as they

hull surface, providing a self- polishing mechanism to

all demonstrate similar environmental characteristics

maintain hull smoothness. This process also promotes

as TBT’. Application of the ‘precautionary principle’

self-cleaning by presenting an unstable, biocidal surface

concerning the use of TBT-substitute booster biocides

for biofouling organisms. A side-effect of this sloughing

has been recommended due to the reported (and

effect is that the coating surface is prone to damage or

potential) occurrences, toxicity and persistence of these

excessive ablation by even gentle wiping with a cloth.

compounds in the marine environment (Voulvoulis et al.

Cleaning with abrasive tools such as brushes and

2002).

scrapers would quickly damage the coating, removing

Active agents contained in antifouling coating

layers of paint and rapidly depleting the biocidal content.
Fouling-release coatings
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Table 2.2 (part 1): Summary of toxicity and environmental risk associated with antifouling coating biocides approved for
use in Australia and New Zealand.
Biocide

Biodegradation

Bioaccumulation

Cuprous oxide
(Copper (I) oxide, Cu2O, Dicopper
monoxide)

Degrades into copper ions, which are NOT
rapidly degradable; may cause long-term
adverse effects in the aquatic environment

no data

V
re
g
(L

Copper thiocyanate (Thiocyanic acid, copper
(1+) salt)

no data

no data

V
re
/
O
(L
m

Chlorothalonil
(Tetrachloroisophthalonitrile
1,3-Benzenedicarbonitrile,
2,4,5,6-tetrachloro-)

NOT rapidly degradable; degrades rapidly
(half-life = 4 to 150 hours) but degradation
metabolites are persistent and ecotoxic
(half-life is >30 days)

NOT bioaccumulative;
BCF = 264, log Kow = 2.88

V
re
/
O
(L

Copper pyrithione

Data inaccessible

Dichlofluanid

Rapidly degradable; Dichlofluanid hydrolysis
very rapidly to dimethylphenylsulfamid
(DMSA) which is not ecotoxic and is not
considered persistent

NOT bioaccumulative; BCF value
suggests that bioconcentration in
aquatic organisms may be an
important fate process. Dichlofluanid
is less soluble than diuron and irgarol
1051 and this may allow association
with particulate matter and result in
bioaccumulation (AMOG 2002)

V
a
re
tr
m
0
1

Diuron

NOT rapidly degradable; if released into
water, diuron is expected to adsorb to
suspended solids and sediment based on
the range of Koc values. Diuron is 67–99
% degraded in 10 weeks under aerobic
conditions by mixed cultures isolated from
pond water and sediment

NOT bioaccumulative; an estimated
BCF of 64 was calculated for diuron,
using a log Kow of 2.68. Carp
(Cyprinus carpio) exposed for six
weeks to diuron had experimental BCF
values ranging from 3.4 to 4.9
(0.5 mg/l exposure) and
<3-74 (0.05 mg/l exposure).
Low-to-moderate potential for
bioconcentration

V
to
C
1
to
F
(L

Irgarol 1051

NOT rapidly degradable; ‘fairly persistent in
water.’ No hydrolysis in fresh or salt water.
The US Environmental Protection Agency
considered the aqueous photolysis to be
stable, with a half-life ranging from 35.9 to
84.8 days. Anaerobic and aerobic aquatic
metabolism considered stable. Adsorption/
desorption studies on clay loams indicated
half-lives of 502–548 days, and 820–956
days on sandy loam

NOT bioaccumulative; Kow = 8912
(so bio-accumulation may occur).
A whole-body bio-accumulation factor
(BCF) = 160x was determined for
bluegill sunfish, however depuration
(removal of impurities) was rapid
when exposure was ceased

V
to
R
tr
m
M
c
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tr
0

Mancozeb

NOT rapidly degradable; Mancozeb degrades
rapidly but the metabolites are persistent and
toxic

NOT bioaccumulative; BCF = 2.1, log
Kow = 1.33, potential for bioconcentration in aquatic organisms is low

V
to
R
g
0
to
fo
P
(N
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Toxicity To:
Fish
Very ecotoxic; toxicity
reported for Arctic
grayling
(LC50, 0.003 mg/l)

Algae
Very ecotoxic; toxicity
reported for green alga
Selenastrum capricornutum (EC50 POP
DEC, 0.03 mg/l)

Very ecotoxic; toxicity
reported for the green alga
Selenastrum capricornutum
(EC50, population
decrease,
0.17 mg/l)

Acutely toxic and harmful
to target human organs or
systems if ingested orally
or inhaled, irritating to
the eye

Very ecotoxic; toxicity
reported for water flea
Daphnia magna (EC50
intoxication, 0.020 mg/l

Acutely toxic (oral,
dermal, inhalation) and
harmful to human target
organs or systems (oral)

Very ecotoxic; acute and
chronic toxicity reported
for the water flea Daphnia
magna (EC50, 0.059 mg/l;
0.032 mg/l)

Acutely toxic
(inhalation), contact
sensitiser, suspected
human carcinogen, toxic
to human target organs or
systems (oral), corrosive
to ocular tissue

Very ecotoxic

Acutely toxic (oral,
inhalation), irritating to
eye, midly irritating to
skin, contact sensitiser,
harmful to human target
organs or systems (oral)

Acutely toxic if ingested
orally, irritating to the
eye, suspected human
reproductive or developmental toxicants, toxic
to human target organs or
systems

Very ecotoxic; acute
toxicity repor ted for
Daphnia pulex
(EC50, 1.4 mg/l);
Chronic toxicity repor
ted for Daphnia magna
(LOEC, 0.2 mg/l)

Very ecotoxic; acute
toxicity reported for
Rainbow / Donaldson
trout Oncorhynchus
mykiss, (LC50
Mortality, 0.75 mg/l);
chronic toxicity
reported for Rainbow
trout (NOEL,
0.004 mg/l)

Very ecotoxic; acute
toxicity repor ted for green
alga Selenastrum
capricornutum,
(LC50 intoxication,
0.00147 mg/l); chronic
toxicity (NOEC,
0.0008 mg/l)

Very ecotoxic; acute
toxicity repor ted for water
flea, Daphnia magna,
(EC50
intoxication, 5.3 mg/l);
chronic toxicity (NOEL,
0.56 mg/l)

Very ecotoxic; acute
toxicity reported for
Rainbow trout, Salmo
gairdneri (LC50,
0.46 mg/l); chronic
toxicity reported
for Fathead minnow,
Pimephales promelas
(NOAEC, 0.00219 mg/l)

Very ecotoxic; toxicity
repor ted for the green
alga, Selenastrum
capricornutum
(EC50, 0.047 mg/l)

Very ecotoxic; acute and
chronic toxicity repor ted
for the water flea Daphnia
magna (EC50, 0.073 mg/l;
NOAEC, 0.0073 mg/l)

Very ecotoxic;
toxicity repor ted
for American or
Virginia oyster,
Crassostrea
virginica, (LC50
intoxication,
3.2 mg/l)

Acutely toxic if ingested
orally, irritating to the
eye, contact sensitiser

Irritating to the eye,
contact sensitiser,
harmful to human target
organs or systems (oral)

Interview with
Hydrex CEO,
Boud Van Rompay

Very ecotoxic; toxicity
repor ted for green alga
Selenastrum capricornutum
(EC50, 0.0024 mg/l)

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

Very ecotoxic; acute
toxicity reported for
Cuthroat trout (LC50,
1.4 mg/l); chronic
toxicity reported for
Fathead minnow
(LOEC, 0.0618 mg/l)

Managing Hull-Borne
Invasive Species and
Coastal Water Quality

Very ecotoxic; toxicity
reported for Daphnid
(LC50, 0.005 mg/l)

Hull Fouling and
Copper Tolerance

Very ecotoxic; acute
and chronic toxicity
reported for Rainbow
trout, Oncorhynchus
mykiss (LC50,
0.05 mg/l; NOEC,
10 mg/l)

Humans

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

Very ecotoxic; toxicity
reported for Rainbow
/ Donaldson trout,
Oncorhynchus mykiss
(LC50, 0.0076 mg/l)

Other marine
Organism

IMO 2011
Guidelines

Very ecotoxic; toxicity
reported for Rainbow
/ Donaldson trout,
Oncorhynchus mykiss
(LC50 mor-tality, 0.031
mg/l)

Crustacean

White Paper 8
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Information obtained from the New Zealand Environmental Risk Management Authority (ERMA) and the Australian Pesticides and Veterinary
Medicines Authority.
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Table 2.2 (part 2): Summary of toxicity and environmental risk associated with antifouling coating biocides approved for
use in Australia and New Zealand.
Biocide

Biodegradation

Bioaccumulation

octhilinone
(isothiazolone biocide)

NOT readily biodegradable; very little
information available on environmental
fate of Octhilinone, but in general isothiazolone biocides typically biodegrade very
rapidly with half-lives of <26 hours

NOT bioaccumulative

V
to
fo
O
(L
ch
fo
P
(N

Sea-Nine 211
(isothiazolonone biocide) Synonoms:
DCOI, Kathon 5287

Rapidly degradable; degraded extremely
rapidly in aquatic microcosms with a halflife of less than an hour. The degradation
metabolites of Sea- Nine 211 are 4–5 orders of
magnitude less toxic than the parent compound
due to the cleavage of the isothiazolinone
ring and degradation by microorganisms to
open-ring structures. This provides an effective
mechanism of detoxification

NOT bioaccumulative; og Kow = 2.8,
Log Pow = 2.8, BCF = 13

V
ch
fo
O
(L
N

TcmTB
(2-(Thiocyanomethylthio)
benzothiazole)

Rapidly degradable; TCMTB biodegrades
in less than 5 days

NOT bioaccumulative; measured
whole fish BCF = 230

V
to
C
h
(L
ch
fo
O
(N

Thiram

NOT rapidly degradable

NOT bioaccumulative; experimental
BCF values suggest that bioconcentration of thiram will be low in
aquatic organisms

V
re
m
c
0

Zinc pyrithione
(‘Zinc Omadine’, ZPT)

Rapidly degradable; Degrades rapidly in
natural seawater, but may persist in darker
waters. Half-life under aerobic conditions
(combined water and sediment) = 21 hours;
under anaerobic conditions the half-life =
0.5 hour. Degradation products are several
orders of magnitude less toxic than the parent
compound. Elemental zinc resulting from the
degradation of zinc pyrithione is persistent,
but bioavailability to aquatic organisms is
greatly affected by a numer of factors

NOT bioaccumulative;
Log Kow = 0.97

V

Zineb

NOT rapidly degradable; Koc values
ranging from 308 to 1168 indicate that
Zineb is expected to adsorb to sediment
and suspended solids in water. Hydrolysis
half-lives for zineb in relation to pH are nine
minutes at pH 3.8, 6.5 hours at pH 5.7, 96
hours at pH 7.0, and 405 hours at pH 8.0

NOT bioaccumulative; an estimated
BCF of two was calculated for zineb,
using a log Kow of 1.3. Low potential
for bioconcentration in aquatic
organisms. The BCF of Zineb in
Golden Ide (Leuciscus idus melantus)
after three days and algae (Chlorella
fuscavar vacuolata) after one day was
<10 and 170, respectively

V
to
fo
P
(L
7
to
R
tr
m
M

Ziram

NOT rapidly degradable

No bioaccumulation expected in
aquatic organisms

V
to
F
(L

BCF = bioconcentration factor; LC50 = lethal concentration which kills 50% of the sample population; EC50 = concentration which induces a response
half-way between baseline and maximum; NOAEC = no observed adverse effect concentration; NOEL = no observable effects limit; LOEC = lowest
observed effect concentration; log Kow = octanol-water partition coefficient.
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Information obtained from the New Zealand Environmental Risk Management Authority (ERMA) and the Australian Pesticides and Veterinary
Medicines Authority.

Toxicity To:
Crustacean

Other marine Organism

Humans

Very ecotoxic; toxicity
reported for green alga
Selenastrum capricornutum (EC50 POP
DEC, 0.03 mg/l)

Very ecotoxic; toxicity
reported for the water flea
Daphnia magna (EC50,
0.180 mg/l)

Acutely toxic (oral,
inhalation, dermal),
contact sensitiser,
corrosive to dermal and
ocular tissues

Very ecotoxic; acute and
chronic toxicity reported
for Rainbow trout,
Oncorhynchus mykiss
(LC50, 0.0027 mg/l;
NOEL, 0.0018 mg/l)

Very ecotoxic; acute
and chronic toxicity
reported for the green
alga, Selenastrum
capricornutum (EC50,
0.032 mg/l; NOEL,
0.0075 mg/l)

Very ecotoxic; acute and
chronic toxicity reported
for the Mysid, Mysidopsis
bahia (LC50, 0.0047 mg/l;
NOEL, 0.0016 mg/l)

Acutely toxic if inhaled,
contact sensitiser,
corrosive to dermal and
ocular tissues

Very ecotoxic; toxicity
reported for the water flea,
Daphnia magna (EC50,
0.023 mg/l)

Acutely toxic if inhaled
or ingested orally,
irritating to the skin,
contact sensitiser,
corrosive to ocular tissues
and harmful to target
organs or systems (oral)

Very ecotoxic; toxicity
reported for the green
alga, Selenastrum
capricornutum (EC50,
0.045 mg/l)

Very ecotoxic; toxicity
reported for Mysid (LC50,
0.0033 mg/l)

Acutely toxic (oral,
inhalation), irritating to
eye, midly irritating to
skin, contact sensitiser,
harmful to human target
organs or systems (oral)

Very ecotoxic

Very ecotoxic

Very ecotoxic

Acutely toxic if
inhaled, irritating to
the skin, suspected
human reproductive or
developmental toxicant,
toxic to human target
organs or systems (oral),
corrosive to ocular tissue

Very ecotoxic;
Pseudokirchneriella
subcapitata
(EC50, 0.067 ppm)

Contact sensitiser

Acutely toxic (inhalation,
oral), midly irritating to
the skin, irritating to the
eye, contact sensitiser,
harmful to human target
organs or systems (oral)

Upcoming
Events

Very ecotoxic; acute
toxicity reported for
mysid, Americamysis
bahia (LC50,
0.014 mg/l); chronic
toxicity reported for the
water flea, Daphnia magna
(EC50, 0.011 mg/l)

Very ecotoxic;
dramatic development
modifications (spicule
formation abnormalities)
observed for embryos
of the sea urchin,
Paracentrotus lividus,
when exposed to 0.4 ug/
mL zineb solution for
48 hours. Evidence of
abnormal differentiation
of fertilised eggs

Interview with
Hydrex CEO,
Boud Van Rompay

Very ecotoxic;
toxicity reported for
Fathead minnow
(LC50, 0.008 mg/l)

Very ecotoxic; toxicity
reported for water flea
Daphnia magna (LC50,
0.97 mg/l)

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

Very ecotoxic; acute
toxicity reported
for the Guppy,
Poecilia reticulata,
(LO50 Mortality,
7.2 mg/L); chronic
toxicity reported for
Rainbow / donaldson
trout, Oncorhynchus
mykiss (LOEC
Mortality, 0.18 mg/l)

Managing Hull-Borne
Invasive Species and
Coastal Water Quality

Very ecotoxic; toxicity
reported for (common
mirror carp), Cyprinus
carpio (LC50,
0.0003 mg/l)

Hull Fouling and
Copper Tolerance

Very ecotoxic; acute
toxicity reported for
Chinook salmon, Oncorhynchus tshawytscha
(LC50, 0.0073 mg/l);
chronic toxicity reported
for Rainbow trout,
Oncorhynchus mykiss
(NOEC, 0.00034 mg/l)

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

Very ecotoxic; acute
toxicity reported
for Rainbow trout,
Oncorhynchus mykiss
(LC50, 0.047 mg/L);
chronic toxicity reported
for Fathead minnow,
Pimephales promelas
(NOEC, 0.0085 mg/l)

IMO 2011
Guidelines

Algae
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Fish
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are also sensitive to damage by abrasion (Almeida et al.
2007) and it is complicated and expensive to repair this
coating type.
Schiff et al. (2004) measured the emission of dissolved copper from three types of antifouling coatings

3. Review of developments
in in-water cleaning
technology

(contact leaching) coatings were tested in the study,

3.1 Background to in-water
cleaning and motivation for
development of effective and
efficient treatment technologies

along with a biocide-free TeflonTM coating. The biocide-

The frequency of drydocking of large commercial

based coatings contained cuprous oxide as the primary

vessels is principally based around the scheduled

biocide, in an insoluble matrix of either modified epoxy

survey requirements of the IMO conventions relating to

or hard vinyl enhanced with Teflon .

safety and environment protection (that apply technical

used by recreational vessels, quantifying the rate of
passive leaching and toxin release caused by cleaning
activities. Two commercially available conventional

TM

Under normal environmental conditions, the modi-

standards for the design, construction, equipment and

fied epoxy and hard vinyl coatings passively leached

operational discharges). In addition, there are numerous

4.3 and 3.7 μg of dissolved copper/cm2 /day (monthly

technical codes and resolutions associated with these

averaged rate), respectively. Following non-abrasive

conventions.

hand cleaning, the release rate from the modified epoxy

The administration offering vessel registration is

coating averaged twice the daily baseline rate (8.6 μg/

referred to as the ‘flag state’ and holds the responsi-

cm /event) over the duration of the response to cleaning.

bilities and obligations imposed by the international

2

The flux recorded for hard vinyl coatings was 3.8 μg/cm

conventions for ships entitled to fly its flag. To achieve

/event. When subjected to abrasive cleaning methods,

this, most flag states delegate some or all of these

the concentration of dissolved copper emitted by the

functions to ‘recognised organisations’ which are most

modified epoxy coating increased two-fold but the same

commonly classification societies. Such societies have

treatment did not generate any significant increase in

developed large networks of worldwide resources to

emissions from the hard vinyl coating. One day after the

enable them to carry out delegated tasks. However,

cleaning activities, the rate of passive leaching peaked

even when delegating these functions, the flag state,

(18 and 15 μg/cm /day, respectively), decreasing three-

as the signatory to the international convention, retains

fold within three days then asymptotically returned to

ultimate responsibility. Most commercial vessels (94

the baseline rate. This rate reduction was attributed

per cent) operating internationally are subject to surveys

to the development of biofilms, which are known to

undertaken by several societies that are part of the

sequester biocides released from the antifouling coating

International Association of Classification Societies

beneath them (Yebra et al. 2004).

(IACS) (for a detailed list of global classification

2

2

societies see IACS 2006).
Classification society rules include requirements
for periodic hull surveys, in accordance with the IMO
conventions, to ensure safety and structural integrity
of vessels, but do not currently include obligations to
address biofouling. Generally, survey schedules consist
of annual in-water surveys and five-yearly shore-based
surveys, with some variation between classification
societies and vessel classes. Because opportunities for

60
Journal 5.indd 60

9/03/12 09:48

vessels only drydock in accordance with survey

vessel can decrease its speed and fuel efficiency to such

requirements, which include those to renew the

an extent that the vessel needs to burn an extra 10–195

antifouling coatings (Takata et al. 2006). Recreational

tons of fuel oil to maintain design speed and trading

vessels generally do not engage classification societies,

schedules (Munk 2006).

sea for maintenance and antifouling is generally at the

vessel performance can be assessed via on-board tests

owners’ discretion or determined by the need for repairs.

such as the Computerised Analysis of Ship Performance

Most vessel types develop biofouling assemblages

(CASPER Rigby and Taylor 2002; Munk 2006) and/or

between scheduled drydockings. This can occur on

diver inspections. It is often not economically feasible or

general hull areas but is especially predominant in

logistically possible for vessel owners and operators to

locations that either protrude from, or are recessed into,

remove a vessel from the water to address hull and niche

the hull (‘niche’ areas). These areas may include irregular

biofouling outside the regular service schedule. In-

surfaces and hard-to-access crevices. The presence of

water cleaning represents a convenient and affordable

niche areas varies with vessel type. The most common

option for vessels of all types and sizes. For a large ship,

niche areas are:

the increase in thrust resulting from regular propeller
polishing can save up to five tons of fuel oil per day,

• internal seawater systems

cleaning can save more than 10 tons of fuel oil per day

• seawater inlet pipes

(Munk 2006). Traditional methods used for in-water

• cathodic protection anodes

cleaning are generally simple and based on mechanical

• sonar domes and transducers

(abrasive) removal of biofouling. However, efforts and

• echo sounders and velocity probes

regulations aimed at reducing pollution and biosecurity

• drydocking support strips

risks have provided an incentive for the development of

• propeller and shaft

a diverse range of in-water hull cleaning technologies.

• bow and stern thrusters (including thrusters tunnels)

• cooling and propulsion scoops

Several approaches to in-water hull cleaning are

• rudder, including hinges and stocks

available that do not rely on abrasive action to remove

• stabiliser fins.

biofouling organisms. Instead, these technologies are
aimed at killing biofouling organisms without actively
removing them. Once killed, soft-bodied organisms

to Coutts (1999), Taylor and Rigby (2002) and ASA

will eventually fall off the hull, while cemented taxa

(2007).

are likely to remain attached and contribute to frictional

Niche areas are particularly prone to biofouling
because they are often not coated in antifouling paint
(e.g. propellers, rudder stocks), are protected from
water flow and turbulence (e.g. thruster tunnels) or

resistance.

Interview with
Hydrex CEO,
Boud Van Rompay

For detailed descriptions of these niche areas refer

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

• bilge keels

3.2.2 Technologies designed to kill but
not remove biofouling

• retractable propulsion units

Managing Hull-Borne
Invasive Species and
Coastal Water Quality

and the reduced hull friction after comprehensive hull

Hull Fouling and
Copper Tolerance

• sea chests and their gratings

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

The need to reduce the effects of biofouling on

IMO 2011
Guidelines

and the frequency with which they are removed from the
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drydocking are usually limited and costly, commercial

overexposed to water flow and turbulence (e.g. sea
chest gratings). Biofouling of general hull areas and
Upcoming
Events

some niche areas can have significant effects on vessel
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4. The economics of vessel
hull maintenance

T

sonar domes and transducers (navigation). These niche
areas are often not coated in antifouling paint. The
speed at which they will be colonised by biofouling

he global ban on the use of organotin-based

will vary with latitude, salinity and the vessel’s activity

antifouling coatings raised concerns that use of

level. Commercial diving operators in temperate

less-effective products might increase the incidence

and subtropical latitudes recommend that niche area

and intensity of biofouling on vessels worldwide, with

cleaning is carried out every six to eight months, and

concomitant increases in fuel consumption and the

that it definitely should be carried out every 12 months.

spread of marine NIS (Nehring 1999; Champ 2000).

This represents approximately two to three times the

It was suspected that this would require an increase

frequency of antifouling coating renewal.

in the frequency of hull maintenance. However, as
discussed in Section 2, modern non-TBT coatings are
able to achieve a performance similar to that of the
banned TBT-based coatings.

4.3 Summary of relative costs of
in-water and shore-based hull
maintenance
The costs for in-water and shore-based hull maintenance

The recommended intervals for antifouling coating

obtained during this study are indicative only, as there

renewal vary between vessel types and with the type

is large variation in rates charged by providers of these

of antifouling coating used. Especially in the case of

services. However, several important trends emerge.

commercial vessels, dry-dockings are usually scheduled
according to vessel survey requirements (Table 4.1).

1. The cost of in-water cleaning of hull and niche

Recommended service lives are not always adhered

areas using technologies that remove biofouling

to by commercial and recreational vessel owners and

organisms from a hull (i.e. brushes, water-blast, also

operators. This is illustrated by the results of a Ministry

HST) is generally lower than the cost for removing

of Agriculture and Forestry Biosecurity New Zealand

a vessel from the water for cleaning only. However,

(MAFBNZ) research project conducted in 2004–08.

because of variation in the rates different operators

This research determined the hull maintenance and

charge for the same service, the relative difference

travel history of 496 recreational and commercial

in cost between in-water and shore-based water

vessels (including tankers, cargo carriers, roll on, roll

cleaning is also variable. Nevertheless, in-water

off vessels, container ships, passenger ships and other

cleaning is between 10 to 50 per cent cheaper for

types of merchant vessels) (Inglis et al. 2008). When

recreational vessels than removal of biofouling out

vessels were grouped by antifouling coating type, up

of the water. For commercial vessels of 50–200 m in

to 40 per cent of commercial vessels and up to 20 per

length, a comprehensive in-water hull clean using a

cent of recreational vessels surveyed had an antifouling

combination of brushes and/or underwater jets and/

coating age that, at the time of sampling, exceeded the

or heat treatment is 35–65 per cent cheaper than

manufacturer’s recommended service life by up to three

biofouling removal at a slipway or drydock. This

years (Table 4.1).

difference in cost may further increase when indirect

As discussed in Section 3, regular renewal of a

costs such as losses in revenue are incorporated.

vessel’s antifouling coating is unlikely to prevent the

In- water cleaning is slightly faster, especially when

development of biofouling in niche areas. Some niche

general hull areas are cleaned by a robot while

areas are very important for the performance of a vessel,

divers treat niche areas. However, a vessel can incur

such as propellers (loss in speed and fuel efficiency),

significant financial losses if the next drydock is

sea chests (water intake, fire fighting equipment), or

several days’ sailing distance away. For example, the
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commercial vessels, antifouling coating treatments

days’ sailing distance) or in Indonesia (four days’

are generally two to four times the cost of in-water or

sailing distance). Travel times to drydocking facilities,

shore-based biofouling removal. Depending on vessel

and potential waiting times can add considerably to

size, renewal of the antifouling coatings (labour and

the cost of shore-based hull maintenance. In contrast,

materials) can add A$35 000–425 000 to the cost for

in-water operations can generally proceed while a

hull cleaning, as well as several extra days of lost

vessel is loading or unloading, minimising financial

revenue for the vessel. This highlights the feasibility

losses.

of using high-performance antifouling coatings.
While these may be more expensive to purchase,
they will keep vessels biofouling-free for longer and

remove organisms from treated surfaces is likely to be

reduce the need for interim in-water maintenance.

lower than that of cleaning activities out of the water.

This does not address the biosecurity risk posed by

All in-water maintenance technologies reviewed in

certain niche areas. Commercial diving operators

Section 3 are either unable to treat niche areas (e.g.

recommend that niche areas such as propellers, sea

heat treatment, robotic underwater jet systems) or

chest grates, transducers and sonar domes are cleaned

are unable to capture and retain all of the biofouling

every 6–12 months.

material removed during the treatment process (e.g.
unproven technologies, in particular heat treatment
and encapsulation, on the integrity of different
antifouling coatings are currently not understood.

technologies is three to five times cheaper than inwater cleaning methods that remove biofouling from
hulls, and 3.5–14 times cheaper than shore-based
cleaning. Encapsulation is a developing technology.
If reliable systems can be developed, encapsulation

I

mental risks and economic costs associated with

different forms of in-water and shore-based hull

chests and internal seawater systems. However,

cleaning, and use this information to identify situa-

encapsulation is unlikely to be highly valued by the

tions where in-water cleaning may be permissible.

shipping industry, as it does not remove biofouling

Environmental risk is defined here as the combined

and therefore has a less noticeable effect on speed and

biosecurity risk (introduction or spread of NIS) and

fuel consumption. We were unable to obtain quotes

contaminant risk (release of toxins) associated with

for the disposal of vessel encapsulation material

cleaning a vessel’s hull. As part of this evaluation we

(plastic sheets) and associated biofouling waste. If

also consider the biosecurity and contaminant risk

encapsulation is used, this cost needs to be added to

posed by no hull maintenance (i.e. the unmanaged,

the treatment.

or baseline risk; Hopkins and Forrest 2008). For

Interview with
Hydrex CEO,
Boud Van Rompay

biofouling organisms—including those inside sea
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Government Department
of Agriculture, Fisheries
and Forestry

may be able to achieve 100 per cent mortality of

n this section we evaluate the relative environ-

Managing Hull-Borne
Invasive Species and
Coastal Water Quality

3. Depending on vessel size, the use of encapsulation

5. Review and comparison
of the relative environmental and economic
risks associated with
in-water cleaning and
other hull cleaning
strategies

Hull Fouling and
Copper Tolerance

rotating brush systems). Importantly, the effects of

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

2. The effectiveness of in-water cleaning operations that

IMO 2011
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Dampier is located on Australia’s East coast (eight
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nearest drydock available to a vessel residing at Port

example, the risks from biofouling are principally
associated with the release of competent life-stages
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4. The majority of hull maintenance cost lies with the
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of a pest organism from the vessel into a marine

costs to the vessel operator of the cleaning method and

environment in which it does not already occur.

of any delays associated with it.
In this section we developed a range of scenarios

Competent life stages are those that are capable of

for cleaning, based on information reviewed in earlier

establishing self-sustaining populations and could

sections of the report. The scenarios were developed

be adult life-stages, gametes, larvae or vegetative

using five factors—biofouling origin, biofouling extent,

fragments (Grahame and Branch 1985; Santelices 1990;

vessel type, antifouling coating type, and proposed

Ceccherelli and Cinelli 1999). These can be released

cleaning method— that were identified in our review as

or can detach from the vessel even when no cleaning

important exacerbators of risk (Figure 5.1). We created a

is taking place. The likelihood of this is influenced by

list of all possible combinations of the five factor levels

factors such as local environmental conditions, the

(with some exceptions, specified below) to represent

reproductive state of the organisms and the length of

situations in which vessel hull cleaning may be required.

time the vessel spends in port (Apte et al. 2000; Minchin

We also provided initial evaluations of the biosecurity

and Gollasch 2003). It has been suggested that in-water

and contaminant risks associated with different available

cleaning may enhance the release of competent life-

cleaning methods and their costs for vessels of different

stages through direct dislodgement from the vessel or

sizes (Table 5.2).

by triggering reproductive activity that causes propagules

Our evaluations of risk are intended as a starting

to be released (Hopkins and Forrest 2008 and references

point for discussion, and will benefit from feedback from

therein). However, there is little empirical evidence that

and discussion with managers and stakeholders. We

propagules released in this manner are competent to

evaluated risk using a simple ordinal scale: negligible,

establish.

low, moderate or high. The scenarios and their associated

The biosecurity risk posed by different methods of

risks and costs are provided as a ’look-up‘ table (Table

defouling will depend on the rate at which competent

5.2) to assist decision makers evaluate the consequences

stages are released from the vessel and are not

of different approaches to cleaning. In the section below,

effectively contained. Similarly, toxins are released

we describe how each of the five factors used in

from antifouling coatings continually, even when no

the evaluation can influence risk.

cleaning is occurring. The environmental risk posed by
in-water cleaning will depend on how much the rate of
toxin release is enhanced by active abrasion or manual
polishing of the coating relative to normal operation of
the vessel.

5.1.1 Definition and discussion of risk
factors
5.1.1.1 Definition of risk
The term ‘biosecurity risk’ describes the risk associated

5.1 Scenarios for hull cleaning

with the cleaning activity of introducing or spreading

There are many situations in which hull cleaning may

or propagules into a local environment. It does not

be required and where a decision must be made about

necessarily describe the biosecurity risk posed by the

whether this is to be done in shore-based facilities or

entire vessel following the treatment. This is because

while the vessel is still in the water. Such decisions must

some cleaning methods are unable to remove all

take into account (at least) the nature of cleaning and

biofouling from treated areas, and are unable to treat

maintenance required (e.g. propeller polishing vs paint

niche areas. Vessels that have been cleaned using these

renewal), the risks to biosecurity and water quality

methods may still contain biofouling assemblages

associated with the method of cleaning and the economic

and continue to pose a biosecurity risk. Similarly, the

NIS by releasing (but failing to capture) adult organisms
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the cleaning activity of introducing toxic substances
(antifouling biocides) into the local marine environment.

• Local
• Foreign

non-indigenous species (biosecurity risk) or toxic
contaminants (contaminant risk) are released from
vessels containing different amounts of biofouling that
are not cleaned.

(b) Biofouling extent
• Primary

Vessels that have not left, or which have remained within

• Secondary

fouling paint treatment, are likely to have developed

• Tertiary

species (both non-indigenous and native) that are
2005). Local release of these organisms is generally not

(c) Coating type

considered a biosecurity risk unless the species has a

• Toxic

In contrast, vessels that have originated from
overseas are likely to contain biofouling assemblages

• Fouling-release
• Surface treatment coating

in which a large proportion of species are not present
locally. Similarly, vessels arriving from domestic locaspecies (defined here as any species contained in the

(d) Cleaning method

Australian Consultative Committee on Introduced

• Non

Marine Pest Emergencies (CCIMPE) trigger list, or in
New Zealand’s Unwanted Organisms Register) could
be considered high risk if they are entering a region
introduction of propagules or individuals of these

• Water-jet
• Heat

species via natural spawning, dislodgement or as a

• Encapsulation

result of hull cleaning activities could lead to local

• Shore-based no containment

establishment (Apte et al. 2000; Minchin and Gollasch

• Shore-based with containment
Biosecurity and contaminant risk associated with hull
cleaning determined by combinations of a, b,c, d and e.
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Boud Van Rompay

2003).

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

in which the species does not presently occur. The

• Brushes
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tions that are known to have populations of unwanted

Hull Fouling and
Copper Tolerance

very restricted distribution.
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biofouling assemblages that consist exclusively of
already present within the local area (Floerl and Inglis

IMO 2011
Guidelines

5.1.1.2 Risk factor 1: Biofouling origin
the vicinity of, their homeport since their last anti-
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Baseline risk is the rate at which propagules of

(a) Biofouling origin
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‘contaminant risk’ describes the risk associated with

Figure 5.1: Factors used to evaluate biosecurity and
contaminant risk of different hull cleaning strategies
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We considered situations for vessel hull cleaning using all possible combinations of factor levels.
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5.1.1.3 Risk factor 2: Biofouling extent

of solitary and colonial organisms (e.g. adult

The nature and extent of biofouling on a vessel influence

hydroids and bivalves), as well as nestling motile taxa

the biosecurity risk of a vessel. Biosecurity risk is likely

such as amphipods, crabs, errant polychaetes and

to increase with an increase in biofouling extent as the

fishes (Woods Hole Oceanographic Institute 1952).

barnacles, tubeworms, ascidians, sponges, bryozoans,

diversity and abundance of biofouling assemblages
are usually correlated with the percentage cover and

The baseline biosecurity risk is a function of biofouling

biomass (Inglis et al. 2008). The extent of biofouling

origin and extent. We attributed the following baseline

also determines which methods are available and/or

biosecurity risks (Table 5.1)

appropriate to remove it from a vessel.
For example, heat treatment is able to remove
biofouling assemblages at an early stage of development,
but is unable to treat more mature assemblages that
contain firmly attached, calcareous organisms such as
adult barnacles, tubeworms and bivalves.
The extent of biofouling also indicates the rate at
which biocides are released from antifouling coatings.

Primary biofouling from
a foreign source

Low baseline biosecurity
risk

Secondary biofouling
from a foreign source

Moderate baseline
biosecurity risk

Tertiar y biofouling from
a foreign source

High baseline
biosecurity risk

Any biofouling (primary,
secondary or tertiary)
from a foreign source

Negligible baseline
biosecurity risk

For example, heavy biofouling on a vessel may indicate
that the paint is old and, therefore, is leaching very little
biocide. The build-up of biofouling through, for example,

5.1.1.4 Risk factor 3: Antifouling coating type

an excessive lay-up period, can also obstruct release of

Antifouling paints were divided into two main cate-

biocide from the paint matrix (Valkirs et al. 2003). In

gories: biocidal and non-biocidal paints (Table 5.1).

either case, the unmanaged (baseline) contamination

Biocidal paints encompassed all paints relying on active

risk of a heavily fouled vessel is likely negligible or low.

biocides for biofouling prevention. We attributed equal

We used three categories of biofouling extent in

environmental risk to all biocidal paints. As shown in

our evaluation of risk: primary, secondary and tertiary

Section 2, most primary and booster biocides used in

biofouling (Figure 5.1). These reflect recognised stages

modern antifouling paints can have harmful impacts on

in the development of a biofouling assemblage.

non-target organisms or the physical environment (e.g.
water quality). Some popular biocides (e.g. Irgarol 1051)

• Primary biofouling assemblages consist of a micro-

are highly toxic to non-target organisms and are already

bial layer comprised mainly of bacteria and diatoms

banned from use in some countries. The Australian

(‘biofilm’) and the initial stages of macro-fouling,

Pesticides and Veterinary Medicines Authority and New

such as macroalgae (e.g. Enteromorpha spp.),

Zealand’s Environmental Risk Management Authority

recently settled barnacles and encrusting bryozoans

clearly document the toxicity and long degradation times

(Woods Hole Oceanographic Institute 1952).

in the marine environment of many chemicals currently

• Secondary biofouling assemblages are slightly more

used as biocidal agents in antifouling paints.

complex in structure and contain additional early

We attributed a low baseline contaminant risk to all

colonists, such as hydroids and small tubeworms

vessels coated in biocidal antifouling paints, irrespective

(e.g. serpulids) (Woods Hole Oceanographic Institute

of biofouling extent. The rate at which biocides are emitted

1952).

from antifouling paints is affected by the presence of

• Tertiary biofouling is the final successional stage and

biofouling and surfaces covered in extensive biofouling

comprises diverse and fully developed assemblages

are unlikely to emit any biocides (Valkirs et al. 2003; Ron
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No cleaning

However, because biofouling does not occur uniformly

No cleaning represents the baseline risk scenario.
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Brown, Altex Coatings, personal communication 2009).
over an entire vessel hull, we expect some biocide to be

In-water cleaning using brush systems

Non-biocidal paints were further divided into two

Our review of currently available brush-based cleaning

sub categories (fouling release, and surface treatment

technologies (Section 3) indicated that none of the

coating) that differ in two important aspects.

currently available technologies are able to remove all

White Paper 8

released even from heavily fouled vessels (Table 5.1).

biofouling from a surface or capture all of the removed
travel frequently and at speeds > 15 knots (Section

cleaning using brush systems will result in the loss of

2). Yachts and other slow vessels that use this type of

some, potentially viable, organisms to the environment

paint require regular hull cleaning.. Fouling-release

(Woods et al. 2007; Hopkins et al. 2008). The quantity

coatings are also very soft and fragile and, therefore,

of material that is: (i) not removed from a hull, and/or

in our risk evaluation, we have not considered brush

(ii) lost during the cleaning process is proportional to

cleaning technology for recreational vessels coated in

the extent of biofouling before cleaning (Hopkins et

fouling- release paints.

al. 2008). The biosecurity risk associated with brush
cleaning was therefore considered to be low for primary
or secondary biofouling of foreign origin, and moderate

non-biocidal coating. STCs are hard paints without

for tertiary (Table 5.1). The use of brushes is a very

antifouling properties and suitable for all in-water

abrasive hull cleaning method and can cause damage

cleaning technologies, including abrasive brush

to the underlying antifouling paint. Brush cleaning is

systems (Candries 2009).

also unable to capture all cleaning waste, which can
contain paint residue. The result may be that biocidal
material is released into the environment as a conse-

any non-biocidal coating type (Table 5.1).

quence of temporarily increased biocide leaching rates
and paint chips removed from the hull by the clean-

Based on the review in Section 3, we distinguished

contaminant risk to in-water cleaning using brush

seven types of cleaning method (Figure 5.1):

technology (Table 5.1).

• no cleaning

In-water cleaning using water-jet systems

• in-water cleaning using brush systems

Current water-jet technology is unable to contain all of

• in-water cleaning using water-jet systems

the biofouling material removed, with the result that

• in-water cleaning using heat treatment

viable organisms may be lost to the environment. We

• in-water cleaning using enveloping technology such

thus attributed a low biosecurity risk to in-water jet

as wrapping

Hopkins report to MAFBNZ). We attributed a high

cleaning of foreign primary or secondary biofouling

• out-of-water cleaning in facilities that are not able to

assemblages and a moderate biosecurity risk for

capture and contain all cleaning waste (e.g. tidal grids

cleaning of tertiary biofouling. The effect of water jet

and some slipways)

cleaning on biocidal paint surfaces has not been formally
examined. However, at least one manufacturer claimed

capture and contain all cleaning waste (e.g. drydocks).

that powerful water jet systems can strip a hull back to

Upcoming
Events

• out-of-water cleaning in facilities that are able to
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bare metal. We therefore attributed a high contaminant

to situations where vessels with primary or secondary

risk to water jet cleaning of biocidal paint surfaces.

foreign biofouling are cleaned in facilities that fail to
collect and contain all waste material, and a moderate

In-water cleaning using heat treatment

risk when tertiary biofouling is cleaned in such facilities.

Heat treatment was not considered for vessels with

Because of the use of high-pressure water-blast in land-

tertiary biofouling assemblages, as the heat treatment

based operations, we attributed a high contaminant risk

systems reviewed in Section 3 are intended to treat

to the cleaning of hulls coated in biocidal antifouling

only light to moderately fouled surfaces (primary

paints where some of the liquid effluent is lost to the

and secondary biofouling). Based on the absence of

marine environment (Table 5.1).

independent testing of the effectiveness of heat treatment
and its impact on coatings, we attributed unknown
biosecurity and contaminant risks to this method (Table
5.1).

Out-of-water cleaning in facilities that are
able to capture and contain all cleaning
waste
Woods et al. (2007) tracked the fate and viability of

In-water cleaning using enveloping
technology such as wrapping

defouled material in drydocks and slipways where all

Our review suggests that enveloping techniques can

a combination of settlement tanks and filters. They

be an effective method for killing all biofouling on

found that it was unlikely for viable biological material

a vessel, irrespective of biofouling extent. However,

to be returned to the sea. Many of these facilities also

some inadequacies and losses to the environment have

dispose of paint waste on land, and the cleaning effluent

been noticed in most trials documented to date, and no

is stripped of biocidal paint particles using a series

independent evaluations of the effect of enveloping on

of settlement tanks and filters, and recirculated to the

different antifouling coating types have been carried

water-blast. We attributed negligible biosecurity and

out. We therefore attributed unknown biosecurity and

contaminant risks to hull cleaning operations in shore-

contaminant risks to this treatment technology (Table 5.1).

based facilities such as drydocks, where biofouling and

solid waste and effluent are captured and treated using

paint waste are collected and retained (Table 5.1)

Out-of-water cleaning in facilities that
are not able to capture and contain all
cleaning waste
Some slipways and tidal grids do not capture and

Table 5.1: Estimated biosecurity and contamination risk
associated with hull cleaning of vessels with different
biofouling extent; biofouling origin and antifouling

Biofouling
origin

Biofouling
extent

Baseline
biosecurity
risk

facilities is generally done with high-pressure water-

Local

Any

Negligible

blast, resulting in complete biofouling removal and the

Foreign

Primary

Low

Secondary

Moderate

Tertiary

High

contain biofouling waste and liquid effluent generated
during the cleaning process. Cleaning in shore-based

generation of liquid effluent containing high levels of
biocide. Woods et al. (2007) examined the viability of
organisms removed from vessel hulls in shore- based
facilities and found that some organisms survive the
water- blasting treatment. If these organisms are not

Coating
type

Baseline
contaminant
risk

Biocidal

Low

Non-biocidal

Neglible

contained in the facility, but are allowed to re-enter the
sea via cleaning effluent or the rising tide, they represent
a biosecurity risk. We attributed a low biosecurity risk
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Brushes

Baseline

Primary/secondary
biofouling, foreign
origin

Low

High

Negligible (STC)

Tertiary biofouling,
foreign origin

Moderate

High

Negligible (STC)

Any local biofouling

Negligible

High

Negligible (STC)

Primary/secondary
biofouling, foreign
origin

Low

High

Negligible

Tertiary biofouling,
foreign origin

Moderate

High

Negligible

Any local biofouling

Negligible

High

Negligible

Primary/secondary
biofouling, foreign
origin

Unknown

Unknown

Unknown

Tertiary biofouling,
foreign origin

Unable to clean
tertiary biofouling

N/A

N/A

Any local biofouling

Negligible

Unknown

Unknown

Any foreign
biofouling

Unknown

Unknown

Negligible

Any local biofouling

Negligible

Unknown

Negligible

Primary/secondary
biofouling, foreign
origin

Low

High

Negligible

Tertiary biofouling,
foreign origin

Moderate

High

Negligible

Any local biofouling

Negligible

High

Negligible

Any foreign
biofouling

Negligible

Negligible

Negligible

Any local biofouling

Negligible

Negligible

Negligible
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Heat treatment

Contaminant
risk (biocidal
coating)
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Water-jet

Biosecurity risk
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5.2 Deciding on in-water vs
shore-based hull maintenance

vessel’s size, the only available shore-based facility is

In-water cleaning of vessel hulls is most defensible in

negligible biosecurity and contaminant risks (Table

situations where the cleaning technique reduces or does

5.2). We evaluated the environmental (biosecurity and

not affect the biosecurity risk posed by the vessel and

contamination) and economic risks associated with

does not increase the release of contaminants above

different methods for in-water and shore-based hull

the baseline rate. It is least defensible when it causes

maintenance based on four risk factors: biofouling origin

a significant increase in the rate at which organisms,

(local or foreign), biofouling extent, antifouling coating

propagules or biocidal contaminants are released into

type and cleaning method. Based on the results of our

the sea, relative to baseline, or when the cleaning method

evaluation, we make the following suggestions. The cost

is likely to cause damage to the antifouling coating

for cleaning at a drydock is approximately A$195,000,

(potentially increasing future biofouling risk).

plus losses in revenue for the time it takes to travel to

a drydock. Treatment of the vessel in a drydock poses

The biosecurity and contamination risks associated

the drydock (one to eight days) and undergo treatment.

with heat treatment and encapsulation of vessels are

The alternative use of brush-based or water jet in-water

currently not well understood. It is also not known

cleaning would cost approximately two to three times

how these methods affect the performance of different

less (A$65,000–78,000). However, in this instance in-

antifouling coatings in the longer term. Due to the

water cleaning is associated with a low biosecurity risk

absence of independent testing and documentation, we

and a high contaminant risk (Table 5.2).

do not currently regard heat treatment and encapsulation
as suitable in-water cleaning methods. Once such

2. A local port tug vessel (20 m) requires removal of

information is available, the suitability of these methods

extensive tertiar y biofouling from hull areas, rudders

should be revised.

and thrusters. The vessel is painted with biocidal

Most requests to undertake in-water hull cleaning

antifouling coating.

come from vessel operators for reasons of performance.
Occasionally, directives to clean hulls will come from

The baseline biosecurity risk of this vessel is negligible:

environmental managers when there is a perceived large

it has never left the local area and its biofouling can

baseline biosecurity risk. Here, we provide five examples

be assumed to be from local sources. The baseline

of realistic scenarios that environmental managers may

contaminant risk is also low (standard biocide release

be presented with to illustrate how a decision for or

rate; Table 5.2). Cleaning of the vessel in a slipway

against in-water hull cleaning may be made. The full

facility would cost approximately A$3,000 with a

range of scenarios are listed in Table 5.2.

negligible associated biosecurity risk and a negligible or
high contaminant risk, depending on whether the facility

1. The operator of a commercial vessel (200 m)

is able to fully contain water-blast runoff (negligible

requests permission for in-water cleaning to remove

risk of contamination) or not (high risk). Cleaning at a

algal and slime biofouling from hull areas for vessel

dry-dock (negligible biosecurity and contaminant risks)

performance. The vessel services ports in Australia,

would cost approximately A$9,000–26,000 (Table 5.2).

Korea and Japan and is coated in biocidal antifouling

The vessel could be cleaned in-water using brush or

paint .

water jet technology for approximately A$10,000, with
no associated biosecurity risk (local biofouling) but a

The baseline biosecurity risk of this vessel is low (primary

high risk for contamination.

biofouling from a foreign location) and the contaminant

The presence of tertiary biofouling on hull areas is

risk is low (standard toxin leaching rate). Given the

an indication that the antifouling coating has exceeded
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represent a short-term solution and the most feasible

for approximately A$575, with negligible associated

option would be to remove this vessel from the water

biosecurity risk (Table 5.2). The yacht could be cleaned

for cleaning and renewal of the antifouling coating (total

in- water using water jet technology (if available) for

cost approximately A$10,000 plus lost service time;

approximately A$240. However, this would have

Table 5.2).

a moderate associated risk of releasing viable nonindigenous propagules or organisms into the surrounding
water. In-water cleaning using brushes and scrapers is

and arrives heavily fouled. The hull is coated in old

not advisable for fouling-release coatings. The most

antifouling paint that contains a biocide. Removal of

feasible option for this vessel would be removal from

biofouling from its hull is envisaged (a) because it

the water for cleaning.

may represent a biosecurity risk and (b) to improve
towing efficiency.

5. A container vessel (200 m) servicing ports along

The barge has a high baseline biosecurity risk as it carries

America requests permission for propeller polishing

extensive (tertiary) biofouling from a foreign source.

and removal of tertiar y biofouling assemblages from

In-water removal of the biofouling (A$21,000–31,000)

sea chest grates, sonar domes and transducers.

can be achieved using brush or water jet technology,
viable, potentially non-indigenous, organisms into the

it potentially carries tertiary biofouling from foreign

surrounding water and a high associated contamination

locations. The baseline contaminant risk is low if the

risk (biocidal paint waste). Again, the extensive nature

vessel uses a biocidal antifouling coating, or negligible

of the biofouling indicates a failed antifouling paint

in the case of a non-biocidal paint type. The sonar dome

coating and simple in-water biofouling removal would

and transducers are generally not coated in antifouling

be a short-term solution. To avoid the high contamination

paint and their cleaning poses a negligible contaminant

risk of in-water brush cleaning, it is preferable to remove

risk. In this scenario, the propeller is painted with a

the barge from the water for cleaning and renewal of

fouling-release coating (non-biocidal) and the sea chest

the antifouling coating in a drydock (A$30,000–85,000)

grates are painted with a biocidal antifouling coating.

(Table 5.2).

Cleaning the ship’s niche areas using brushes, scrapers

4. A visibly fouled yacht arrives from an overseas

and would be associated with a moderate risk of

location within the distributional range of a high-

releasing viable, potentially non-indigenous material

profile NIS list and biofouling removal is requested by

into the surrounding water and, in the case of the sea

the relevant authority. The yacht’s hull is painted with

chest grates, a high contamination risk (Table 5.2).
this vessel would be shore-based treatment in a drydock,
at approximately A$195,000. In this scenario, managers

risk as it carries secondary or even tertiary biofouling

have an important choice to make. They may decline

from a foreign source where a high-risk NIS is known

the operator’s application for in-water cleaning, with

to occur. The contaminant risk of the yacht—and of any

the likely result that the vessel will remain uncleaned

in-water or shore-based cleaning method—is negligible

to avoid the costs of drydocking and continue to pose

because of the non-biocidal antifouling coating. The

a moderate biosecurity risk to its destination ports.
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Alternatively, permission for in-water cleaning could

• In-water cleaning of hull or niche area surfaces

be granted at a relatively low economic cost and with a

coated in biocidal antifouling coatings should not be

moderate associated risk of releasing viable biofouling

permissible because commercially available in-water

material and contaminants into the surrounding water.

cleaning technologies are currently not able to capture

5.3 Recommendation for
situations where in-water
cleaning may be permissible

and contain all biological and paint waste released
during the cleaning process. This is a particularly
high risk in instances where abrasive or high-pressure
cleaning exposes older antifouling coatings that
contain TBT. Permission for in-water cleaning of

The ANZECC Code currently prohibits in-water hull

biocidal coating surfaces should be considered only

cleaning as a method of vessel maintenance unless

if the cleaning operation does not result in a pollution

permission is granted by the local administering authority.

or biosecurity risk. Clear independent scientific

This is done out of dual concerns about contamination

evidence provided by a qualified agency must be

by antifouling toxins and the introduction and spread

presented that the proposed cleaning method is able

of NIS. We suggest a revision of the ANZECC Code to

to capture and contain all waste material generated

reflect achievements in antifouling coating and in-water

during the cleaning process

cleaning technology made over the past 12 years.
The suggestions and recommendations based on
our literature review are:

• Heat treatment and enveloping technologies should
not be regarded as appropriate in-water cleaning
methods because their effectiveness and associated
environmental risks are not fully understood. They

• In-water removal of biofouling organisms acquired

should not be permissible methodologies for in- water

from the local environment poses a negligible

hull cleaning until clear evidence is presented by a

biosecurity risk even in the absence of containment

qualified agency that they are able to effectively kill

measures. In-water cleaning of hull surfaces painted

all biofouling and that they have no adverse effects

with non-biocidal antifouling coatings poses a

on coating surfaces or the environment

negligible contaminant risk. In-water cleaning should

• Biofouling often occurs principally in niche areas

therefore be permissible on vessels using non-biocidal

that are (frequently) not coated in antifouling paints.

antifouling coatings and where the biofouling is of

The only cleaning methods available for these areas

local origin. However, the cleaning method must not

at present are handheld brushing, scraping or water

damage the antifouling coating (e.g., brush cleaning

jet devices. All systems reviewed in this report are

is not suitable for fouling release coatings due to a

at moderate risk of releasing viable organisms into

high risk of coating damage).

the surrounding water. Maintenance of operationally

• In-water removal of secondary or tertiary biofouling

important niche areas (e.g. sea chest gratings,

from hull or niche area surfaces coated in non-biocidal

sonar domes, thrusters, etc.) is acknowledged to

antifouling coatings should not be permissible if the

be important and may have to be done in-water.

biofouling is likely to have originated from foreign

However, vessel owners and operators should be

locations. Exceptions should be considered only if

encouraged or required to take proactive measures

clear independent scientific evidence provided by

that prevent the development of biofouling beyond a

a qualified agency is presented that the proposed

slime or algal layer. This can be achieved by frequent

cleaning methodology is able to capture and contain

in- water cleaning (before calcareous growths occur)

all waste material generated during the cleaning

and/or the use and performance monitoring of marine

process.

growth prevention systems (MGPSs).
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that more effectively capture biofouling and coating

evaluation of environmental and economic risks

waste should be encouraged, as it would result in a

associated with shore-based and in- water hull cleaning.

higher level of acceptability for in-water cleaning of

A full expert risk assessment is beyond the scope of

surfaces coated in biocidal paints and/or containing

this review, and development of a decision tool will

biofouling from foreign sources.

benefit greatly from input from and discussions with
stakeholders and managers.
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• The development of in-water cleaning technologies

In our evaluation, we have only considered two types of
if both of these risks are mitigated by some cleaning

….

methods, in-water cleaning may not be acceptable in
some jurisdictions because of other effects on water

Remaining sections, 6 – 8, omitted.)
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Intro to Hull Fouling and Copper Tolerance and Managing Hull-Borne
Invasive Species

Research from the University of California

A

great deal of excellent research and
work has been done by a number of
scientists in the University of California in
the San Diego, CA area, the UC Cooperative
Extension and related organizations and
institutions on the subject of biofouling,
antifouling, biocides and aquatic invasive
species.
With permission from the Regents of the
University of California who own the
copyright, we are reprinting the entirety of
UCCE San Diego/ UC-SGEP Fact Sheet
2011-5, “Hull Fouling and Copper Tolerance –
2011 Scientific Review” authored by Michelle
Lande, Program Representative for the
Coastal Resources Program, Leigh Johnson,
Coastal Resources Advisor for the University
of California Cooperative Extension, and
Carolynn Culver, the California Sea Grant
Advisor, University of California.

Also with permission from the Regents of
the University of California, copyright holder,
we are publishing selected parts of ANR
Publication #8359, ISBN# 978-1-60107-6120, “Managing Hull-Borne Invasive Species and
Coastal Water Quality for California and Baja
California Boats Kept in Saltwater,” by Leigh
Johnson, Jamie Gonzalez, Cesar Alvarez, Miki
Takada, Amber Himes, of the University of
California Cooperative Extension – Sea Grant
Extension Program, San Diego County, CA,
and Stephanie Schowalter and Jason Savarese
of the National Sea Grant Law Center,
University, MS.
The entire paper is well worth reading but
is too long to publish in full in this issue of the
Journal of Ship Hull Performance.
These papers provide valuable information
relevant to the elimination of the spread of
invasive aquatic species via ship hull fouling.

74
Journal 5.indd 74

9/03/12 09:48

Government reports indicate that copper antifouling
paints impair water quality in some boat basins by
causing dissolved copper levels to exceed 3.1 parts
per billion (ppb) (CRWQCB- SDR 2005, Kiaune and
However, copper is not only toxic to fouling

of boats that are exposed to the water (Sylvester et

species, but also to animals that live in the water basins

al. 2011). Boat owners are impacted by these species

where it accumulates. Scientific studies of mussels,

because they reduce the smoothness of the hull, creating

oysters, scallops, sea urchins and crustaceans have found

friction or “drag,” which increases fuel consumption for

harmful effects by dissolved copper at levels found in

powerboats and slows sailboats (Schultz 2007).

southern California marinas. When exposed to dissolved

spread to new habitats by reproduction or hull cleaning

species showed reduced or abnormal: embryo growth,

operations (Coutts et al. 2010). Non-native species may

development, swimming and survival; larval growth and

outcompete native species, reducing overall biodiversity

survival; adult growth, spawning and survival; and adult

(Lawler et al. 2006). Examples include the Teredo

digestive, reproductive and muscle tissues (Calabrese et

shipworm that was introduced to San Francisco Bay,

al. 1984, Coglianese and Martin 1981, Fitzpatrick et al.

and the freshwater zebra mussel that was introduced to

2008, Gould et al. 1988, Lee and Xu 1984, Lussier et al.

the Great Lakes and spread through much of the United

1985, MacDonald et al. 1988, Martin et al. 1981, Novelli

States. These AIS have serious economic consequences,

et al. 2003, Redpath 1985, Stromgren and Nielsen 1991).

respectively costing the United States $205 million

Some of these studies and others (Krishnakumar et al.

and $100 million annually in control costs, losses and

1990, Redpath and Davenport 1988) found that many of

damages (Pimental et al. 2000). Eradicating invasive

the above effects became more severe and that feeding,

species is typically difficult and costly (Meyerson and

respiration, and waste elimination of adult mussels were

Reaser 2002).

also affected at dissolved copper levels from 10.0 to 29.0

species and has been used as an antifouling agent
for centuries (Piola et al. 2009). Popular copper
antifouling paints contain 20%-76% cuprous oxide and

also causes problems in the gills, kidneys, tissues and
sensory receptors of fish in general (Hall et al. 1998).

III. Are Some Hull Fouling
Species Tolerant of
Copper’s Toxicity and
Why Does it Matter?
The ability to withstand a variety of conditions may

into the surrounding water (Johnson and Miller 2002).

allow non-native species to invade new environments

Upcoming
Events

continuously leach the heavy metal from the coated hull

Interview with
Hydrex CEO,
Boud Van Rompay

Copper is toxic to early life-stages of many marine

on salmon sensory processes (McIntyre et al. 2008). It

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

ppb. Copper has been shown to have adverse effects
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copper at concentrations from 3.0 to 10.0 ppb, various
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Fouling species can be released from hulls and
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Consequences?
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(Fields et al. 2006). Some non-native fouling species

Jelic- Mrcelic et al. 2006). The second looks at the ability

have developed the ability to tolerate copper (Table 1).

of native versus non-native species to survive in copper-

This may occur because antifouling paints eliminate

polluted waters (Crooks et al. 2011, Piola and Johnston

individuals that are sensitive to copper, reducing

2006a and b, Han et al. 2008, Piola and Johnston 2009).

competition for those that are tolerant, much like

Floerl et al. (2004) in Australia compared growth

pesticide resistance. Thus, copper pollution may cause

of the invasive bryozoan Watersipora subtorquata on

fundamental changes to local ecosystems that favor

surfaces with a copper coating. They also studied the

invasive species. (Piola and Johnston 2008)

ability of less copper-tolerant fouling species to grow

Evidence is also beginning to appear for copper

on this non-native species. W. subtorquata covered as

tolerance of some native fouling species (Crooks et

much as 64% of test-panel surfaces that had copper

al. 2011), suggesting that such pesticide resistance is

paint. Twenty-two species that did not grow on the toxic

becoming more common.!!!

paint grew on W. subtorquata. All fouling species were
248 times more abundant on W. subtorquata than on the
copper surfaces!

12 months’ fouling on copper-coated test-panel, San Diego
Bay. Scott Parker

Species that tolerate copper present two more risks.
First, they can grow on hulls coated with copper paint

Watersipora subtorquata. Luis A. Solorzano.
www.lasphotos.com

and then be carried to other areas. Second, they can form
a barrier over the toxic paint and provide a surface to

Dafforn et al. (2008) compared attachment rates of

which copper-sensitive species can attach and ‘piggy-

native versus non-native species on test-panels in various

back’ on hulls with toxic antifoulants (Dafforn et al.

environments. They compared ability of different species

2011). These two risks make controlling hull fouling

to attach to copper-treated and untreated panels. The

more difficult and increase risks of transporting invasive

invasive bryozoan W. subtorquata and the tubeworm

species.

Hydroides elegans dominated copper-treated plates in a

IV. What Does Copper
Tolerance Research Tell Us?

recreational harbor. In contrast, native species were less
successful at attaching to antifouling coatings.
Crooks et al. (2011) concluded that the high
prevalence of non-native species in copper-polluted

Several studies suggest that some invasive fouling

environments is the result of copper tolerance. They

species are displaying copper tolerance, which is

allowed species to settle naturally on panels in San

generally determined in two ways. The first looks at the

Francisco Bay. The panels were then placed in varying

ability of different species to attach directly onto toxic

dissolved copper concentrations in the lab and later

copper paint (Floerl et al. 2004, Dafforn et al. 2008,

returned to the bay. With increasing copper treatments,
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of less tolerant species by providing a protective barrier

did not change.

over the toxic paint; and c) have a competitive advantage
when dislodged or spawned into copper-polluted waters.

non-native bryozoans to settle, survive and grow in

Further, this tolerance may provide an advantage

water that was contaminated with various copper

for non-native fouling species that can more readily

levels. Bugula neritina and W. subtorquata were the

colonize boat hulls coated with copper antifouling paint

most tolerant and represented the greatest invasion risk.

and dominate in copper-polluted harbors.

W. subtorquata in particular, can “shut down” and lie
Piola and Johnston (2006b) measured B. neritina’s
ability to settle, survive and grow in different concentrations of copper in Australia. Colonies from a copperpolluted harbor had more resistance to copper in the lab
then divided and some of each were returned to both

policies to address copper pollution and invasive hullfouling species, and increase the chances of success
when they are put into effect.
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Table 1: Examples of common nuisance species in California that have been tested for tolerance to copper.
Along with each species’ name, the table lists its invasion status. Here they are described as being native or exotic. A third
category (not shown here) is cryptogenic and means the origin is unknown.
Copper Tolerant Species

Type of Fouling Organism

Invasion Status

Watersipora subtorquata

Encrusting Bryozoan

Non-native

2, 4, 8
5, 8

4, 8, 37

Bugula neritina

36, 37

Branching Bryozoan

Non-native

Bugula pacifica

4

Branching Bryozoan

Native

Solitary Club Tunicate

Non-native

2, 4, 23

Ciona intestinalis 4

Solitary Vase Tunicate

Non-native

4, 23

Ciona savignyi 4

Solitary Transparent Tunicate

Non-native

4, 8

Colonial Tunicate

Non-native

41

Tube worm

Non-native

2, 8

Barnacle

Native

Styela clava

4, 8

Diplosoma listerianum
Hydroides elegans
Balanus crenatus 4

38

8

4, 22 , i

4, 30, ii

i Distribution does not extend south of the Channel Islands 38
ii Distribution does not extend south of Santa Barbara 30
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I. Introduction

T

removed and discarded there.
If they succeed in the new area, they may create

his report will focus on invasive species trans-

problems. For example, they may: out-compete local

ported on hulls of boats kept in saltwater.

species for food; overgrow them and alter their habitat;

Although the focus is on California and Baja

damage shorelines and structures; cause new diseases

California, information from other areas has been

for humans and marine life; and be expensive to control

included to provide context.

or eradicate. 2 3
A species that crowds out competitors and

The report is intended to assist the following groups

dominates an area reduces the diversity of its marine

in cooperating to prevent and control introductions of

life. The importance of biological diversity is explained

aquatic invasive species (AIS) on hulls of boats, while

more fully in Section II. The invasive strain of the green

protecting coastal water quality:

alga, Caulerpa taxifolia, has overgrown thousands of

• boat owners;

acres of Mediterranean Sea bottom and displaced many

• boat maintenance, repair and coating businesses;

other species of marine life. In 2000-2005 US$4.5

• port, harbor, marina and yacht club managers;

million was spent to eradicate C. taxifolia from Agua

• scientists;

Hedionda Lagoon in San Diego County and Huntington

• policy makers

Harbor in neighboring Orange County and to continue

• government agencies; and

monitoring efforts.4

• environmental organizations.

The European green crab (Carcinus maenas)
competes with the native and commercially important

Recreational boats that are generally kept in saltwater,

Dungeness crab (Cancer magister) from Central

removed only for maintenance and travel by sea from

California to British Columbia.5 It also feeds on

one location to another are the focus of this report. Some

cultured oysters, mussels and native clams, enters and

findings may also be suitable for commercial fishing and

fills traps for eels and bait fish, and is believed to have

commercial- passenger fishing boats. Recommendations

caused the collapse of the soft clam fishery on the

and resources for controlling AIS on trailered boats

United States’ East Coast. C. maenus is thought to have

are available from the excellent Stop Aquatic Hitch-

reached the United States as early larval stages on ship

hikers! website at http://protectyourwaters.net/. The

hulls or among rocks and mud used as solid ballast. It

California State Lands Commission has developed

was found in California in the 1980s.6 7 8 9 10 However,

recommendations for commercial ships.1 Other organi-

contaminated marine bait is believed to be the likely

zations are working on controlling transport of AIS by

source for its introduction in California.11 12 Boating

other vectors and research scientists may continue to

and other forms of coastal tourism contribute much

find new vectors. Fouling growth creates problems for

economic productivity. For example the California

ships and boats by making hulls rougher and creating

boating industry was worth US$16 billion (1.2%

friction (“drag”) that slows them or increases fuel

of the State Gross Product) in 2000.13 Many coastal

consumption. Ships and boats may also carry invasive

residents and tourists enjoy watching birds and whales,

species on their hulls.

photographing nature, fishing, boating, water sports and

When is a non-native fouling organism invasive?

relaxing in natural surroundings. If AIS crowd out native

Fouling occurs when marine microbes, plants, and

species and lower biodiversity, they could degrade the

animals, and/or their spores and larvae attach and grow

recreational value of coastal ecosystems.14

on the hull of a boat or ship. If they survive the trip to

The U.S. Commission on Ocean Policy, the Pew

a distant harbor, they may spawn, release spores, or be

Oceans Commission and the California Governor’s
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challenge facing our coastal oceans. The rate of new

cargo ships, tugs and barges. An analysis of their

aquatic bioinvasions continues to increase along with

movement patterns and appropriate means for con-

growth in global trade, travel and transportation. Thus,

trolling AIS on their hulls is needed but is beyond

we cannot assume that all possible, hull-borne invasions

the scope of this report. However, some of the issues

have already occurred.

and preventive measures suggested here may apply to

15 16 17

Ships are clearly responsible for most, long-

them.
Toxic, antifouling paints are pesticides used to

have introduced invaders from overseas. For example,

control fouling growth. At first glance they would

the black-striped mussel, a relative of the infamous

seem to be the solution to controlling AIS on vessel

zebra mussel, arrived at Darwin, Australia on a yacht.

hulls. However, they slow, rather than prevent, fouling.

Au$2.2 million was spent in 1999 to eradicate it from

They also create a water quality problem. Further,

three Darwin marinas.

there is growing evidence that invasive, fouling species

18

are more tolerant of copper than native species.

21 22 23

believed to move AIS along the coast. AIS from San

Thus, antifouling paints cannot be expected to solve the

Francisco Bay are found in Elkhorn Slough, which

problem of hull-borne, invasive species.

such as commercial fishing and pleasure boats, are likely

toxicant that is designed to leach. These metals can

to have brought them from San Francisco Bay, where

accumulate in the water of crowded, poorly flushed

Thus, pleasure and fishing

marinas to levels that harm marine life. As a result,

boats may spread AIS by visiting ports frequented by

tributyltin-based antifoulants have long been banned for

commercial ships, by attending events or fishing on

recreational boats and are being phased out worldwide

grounds that attract boats from many areas, and by

for vessels making international voyages. Copper-based

cruising along the coast.

antifoulants have been banned for recreational boats

commercial ships dock.

19

Preventing introductions of AIS is generally less

in parts of northern Europe. In 2005, the California

expensive and more effective than controlling them.

State Water Resources Control Board approved a Total

We have observed that pleasure craft tend to spend

Maximum Daily Load (TMDL) regulatory program for

most of their time in home-port slips and environs,

Shelter Island Yacht Basin in northern San Diego Bay.

where fouling growth will not be carried to new areas

Similar TMDL programs are being prepared for Newport

or brought in from other areas. Therefore, it may be

Bay and Marina Del Rey in neighboring Orange and

most cost effective to prevent AIS transport by cleaning

Los Angeles Counties. The San Diego program will

hulls before boats travel beyond their home port, before

require reduction of copper discharges from recreational

they move to another region and before they return

boats over a 17-year period. These points are discussed

home. Additional measures will be needed to prevent

and documented in Section IX of this report.

from a long trip.

In 1999, we began a research and education
program to assist boaters, boating and coating businesses, and academic, governmental and environmental

fishing boats share some features of commercial

organizations in reducing pollution from antifouling

shipping: they travel often and some go to distant fishing

paints. We conducted a field demonstration and eco-

grounds. They also share some features of recreational

nomic analysis of nontoxic antifouling strategies,

boats: they may spend much time within a region and

published reports and a video documentary, and

many are small craft, whose underwater structures

conducted seminars. We found that durable, epoxy, non-
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20
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toxic coatings can last much longer than copper-based

• Recommend research, education and management

antifouling paints. Thus, they can be more cost-effective

measures that may help to control aquatic invasive

over time, despite costs to convert from copper-based

species, while protecting coastal water quality; and

paints and the twice-as-frequent hull cleaning that is

• Draw conclusions.

needed to control fouling growth. Storing the boat out
of water and using a slip liner can reduce hull-cleaning

....

costs. However, some harbor masters have commented
that slip liners may pose problems, such as fouling of
the outside of the liner and potential release of chlorine
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III. Vessels as Vectors
of Aquatic Invasive
Species, Factors
Influencing Invasions
and Collaborations
to Prevent Aquatic
Bioinvasions

anchors, and rudders, or in sea chests and ballast water.
Live marine organisms ranging from plankton to adult
fish are regularly introduced when ballast water is
released into ports and harbors.17 18 U.S. Coast Guard
regulations recommend that ships exchange ballast
water at sea to prevent new introductions;19 many
species transported in ballast water have already become
established.20 21
Although the International Maritime Organization
(IMO) has adopted guidelines for proper ballast water
management, invasive species transfer by this vector is

Vessels as Vectors of Aquatic
Invasive Species

still a problem. The bacteria that causes cholera (Vibrio
cholerae), and the fishhook waterflea (Cercopagis
pengoi), European green crab (Carcinus maenas),

Globalization of trade, travel, and transportation is greatly

Chinese mitten crab (Eriocheir sinensis), North

increasing the rate at which organisms are transported

American comb jelly (Mnemiopsis leidyi), Northern

around the world, as well as the number and diversity

Pacific seastar (Asterias amurensis), round goby

of species being moved.1 In marine and estuarine

(Neogobius melanostomus), zebra mussel (Dreissena

environments, shipping has been the predominant vector

polymorpha), and Asian kelp (Undaria pinnatifida) are

for human transport of non- indigenous species around

some of the well known invasive species associated with

the world through hull fouling, ballast water and other

ballast water.22

The rate of invasion attributed to

Recent studies suggest that fouling growth on

shipping has increased exponentially from the early

vessel hulls is a significant vector for invasive species,

means.

2 3 4 5 6 7 8 9 10 11

1800s to the present.

12

Hull fouling in particular

possibly equal to ballast water. 23 24 25 26 27

contributes to aquatic invasive species (AIS) transport;

Species that foul vessel hulls are typical of natural,

the faster speed of modern ships may enhance survival

marine intertidal and subtidal fouling communities.

of certain low-salinity species that would not survive

Species commonly associated with marine fouling

Slower

communities are arthropods (barnacles, amphipods, and

moving vessels may allow increased survivorship

crabs), molluscs (mussels, clams, and sea slugs), sponges,

of other invasive species on exposed, hull surfaces.

bryozoans, coelenterates (hydroids and anemones),

For example, the barnacle, Chthamalus proteus, was

protozoans, annelids (marine worms), and chordates (sea

probably introduced to Hawaii as larvae spawned from

squirts and fish), as well as macroalgae (seaweed). If these

adults in a hull fouling community. 14

fouling communities become highly developed they can

as well under longer exposures to seawater.

13

In California, invasive species transported via

also provide micro- habitats for mobile organisms such

vessel hulls disturb native habitats, affect biodiversity,

as fish.28 Initial settlement of fouling organisms tends to

and alter ecosystems. San Francisco Bay is considered

be in sheltered areas of the hull, such as sea-chest intakes

the most invaded marine region in the world, and in

and rudder posts, and in areas where antifouling coatings

1998, had an average of one intruder every

14

weeks.

15

have been compromised.29 30

Recreational boats play a major role in transporting AIS
from harbors and estuaries associated with international
ports to other areas along the coast.16

Recreational Vessels

Marine invasive species can be introduced by

Large estuaries with international shipping serve as

recreational, commercial, and military vessels on hulls,

sources for species that become invasive in other
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prevention and/or management of invasive alien species

accomplish most of the long-distance transport while

are also being developed under some of the regional seas

commercial fishing and recreational boats likely

agreements.”35
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geographic regions. In other words, larger ships likely

contribute to the transport of invasive species along the
....

quoyanum, which fosters shoreline erosion, originated in
Australia and New Zealand and is now found in Elkhorn
Slough, which drains into Monterey Bay, California.31

How Invasions Proceed
Fouling organisms can become invasive species when

1893, where it was likely introduced by larger ships, and

transported to new oceanic regions, which lack parasites,

rapidly spread throughout California bays and harbors,

predators and diseases that were present in their point

almost certainly via hull fouling on smaller vessels.

of origin. They may become overabundant and harm

32

The annual commercial fishing boat migration
along the West Coast brings a temporary influx of boats

the environment and the economy by displacing native
species and damaging structures.
Widespread trade between the Atlantic and Pacific

Section IV of this report will

has exacerbated problems created by hull transport of

discuss recreational boat migrations with respect to hull-

invasive species. Although hull fouling has significantly

borne invasive species.

decreased as a result of increased use of steel hulls and

California to Alaska.

antifouling hull coatings, ocean going ships and boats

The IMO deals with shipping in international trade,

invasive potential. Longer stays increase opportunities

including such aspects as maritime safety, navigation

for organisms to colonize habitats at the destination, to

efficiency and prevention and control of marine

colonize other vessels, or to disperse from them during

pollution from ships. The IMO, together with the

and after transport to another region. 40

hulls. The length of time spent in a port can also affect

Presence of certain species and heavy fouling

Nations Development Programme (UNDP), established

on vessel hulls do not necessarily pose a significant

the Global Ballast Water Management Programme to

biosecurity risk. The risk also depends on: whether

address the introduction of invasive marine species into

invasive species are present on the hull; their potential

new environments through ballast water, hull fouling

for establishment; whether or not the invasive species

and other vectors.

are already present in that location; and the extent of

34

According to the Ad Hoc Technical Expert Group on
Gaps and Inconsistencies in the International Regulatory

potential negative impacts. The highest biosecurity risks
posed by visiting vessels are those carrying AIS.41

Framework in relation to Invasive Alien Species,
“Hull fouling associated with international shipping

....

ballast waters, but is not yet regulated. The Parties to
the Convention on Biological Diversity have already
called on IMO to develop mechanis ms to minimize

Port, Marina and Ocean
Characteristics
Alterations in either the donor or the recipient region

need to control or minimize hull fouling as a pathway

can increase the likelihood that non- indigenous species

is also highlighted (in) the Conference of the Parties to

will prosper. If the environment of the recipient region

the Convention on Biological Diversity. Policies for the

changes, it may disrupt the lives of indigenous species

Upcoming
Events

hull-fouling as a matter of urgency. In addition, the
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still carry large quantities of invasive species on their
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to Monterey Bay (and other regional harbors) from Baja
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coast. For example, the burrowing isopod Sphaeroma
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and give an advantage to non-native species.63 For

fouling, aquaculture and seafood imports.71

example, deteriorating marine conditions in the Black

Physical oceanographic characteristics may also

Sea may be responsible for the growth of the invasive

influence whether an invasive species will thrive in its

Atlantic ctenophore (comb jelly) Mnemiopsis leidyi.

recipient region. If the waves are calm, organisms are

According to Dr. David Secord, “the biological effects

more likely to attach to a structure and survive. On the

of pesticide runoff, salinity changes, eutrophication,

other hand, if the currents are strong, it would be more

and overfishing might have synergistically created

difficult for species to cling to a surface and they may

conditions favoring the success of M. leidyi.” Other

be swept further into the ocean.72 Similarly, ports and

research has found that some invasive, fouling species

marinas that are well flushed may be less susceptible to

are more resistant to copper than are native species, 65

bioinvasions. An exception is barnacles, which tend to

64

66 67

which suggests that antifouling paints may

exacerbate invasions in harbor ecosystems.

foul boat bottoms in open, unconfined oceans.73
Ports on the West Coast of the United States may

Changes that increase populations of organisms

be more susceptible to exotic species invasions than

in a donor region may increase the likelihood that they

the east coast because fewer ports serve vessels on

will be transported. However, scientists disagree on

the Pacific coast than on the Atlantic coast. Thus “a

how human- induced changes affect bio invasions. For

relatively limited number of donor sites would perhaps

example, some scientists believe that extensive efforts to

result in repeated inoculations of the same species more

reduce pollution may improve water quality to the point

frequently to the West Coast than to the East Coast, and

that certain species may expand their range to cleaner

this could increase invasion success.”74 In other words,

waters. Alternatively, increased pollution may increase

fewer ports on the West Coast could lead to increased

local populations. For example, the increase of the bay-

concentration of shipping traffic and increased exposure

dwelling clam Theora lubrica in polluted environments

to the same group of non- indigenous species in each

in the Inland Sea of Japan in 1978 and 1979 correlated

port. The more often that a species is introduced to a

with its appearance in San Francisco Bay, which received

given port, the greater the chance that it will become

much ballast water from the Inland Sea. 68

established.

Human-induced changes to a recipient region

The rate at which AIS are becoming established

can also benefit non-native species. For example the

in ports worldwide has increased dramatically. New

construction of new breakwaters and groins will provide

estuarine and marine species have become established

colonization opportunities for sedentary and encrusting

once every 32 weeks (San Francisco Bay) to 85 weeks in

species, such as mussels and barnacles. Dredging and

six ports that were studied in the United States, Australia

other changes to drainage basins may significantly alter

and New Zealand. The rate of establishment appears to

hydrographic regimes in ports. These types of changes

be increasing.75

may create opportunities for non-indigenous species
to establish while native species are trying to adjust to
changes in their environment.

69

Vessel Characteristics and Hull
Maintenance

Port expansions may also increase invasive species
introductions by increasing the number of vessels
coming directly from foreign ports.

...

70

The frequency and type of vectors arriving in a port

The age of the antifouling coating may also determine

also influence the likelihood that an invasive species will

whether a new invasive species will survive or not. For

sur vive. The high level of invasions in San Francisco

instance, ships tend to lack fouling if the period between

Bay may be due to the many vectors that have introduced

coating applications is less than 663 days, and if the

invasive species, including ship ballast water and hull

vessel travels for 9.75 days or more in open waters.77
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In other words, if antifouling paints are not reapplied

Ocean. Bulletin of Marine Science 41: 452-465.
7

Carlton, J.T. 1985. Transoceanic and interoceanic
dispersal of coastal marine organisms: the biology

the coating’s effectiveness and potentially increasing the

of ballast water. Oceanography and Marine Biology

risk of transporting AIS.

Annual Review 23: 313-371.

78

Vessel speed can also affect the survival of invasive

8

Cohen, A.N. and J.T. Carlton. 1995. Nonindigenous
species in a United States Estuary: A case study of

faster. This enables more invasive species to survive

the biological invasions of the San Francisco Bay

long enough to reach a new environment.79 Indeed,

and Delta. Report of the United States Fish and

Cordylophora caspia, a hydroid that lives in both fresh-

Wildlife Service, Washington DC and the National

water and brackish water, may have been transported

Sea Grant College Program Connecticut Sea Grant.

successfully because of an increase in ship speeds.

CONN -T-95-002.

80

On the other hand, boats that travel at slower

9

Hewitt, C.L., M.L. Campbell, R.E. Thresher, and
R.B. Martin, eds. 1999. Marine biological invasions

species can attach firmly to their hulls. Furthermore,

of Port Philip Bay, Victoria. Technical Report.

some nontoxic antifouling coatings are effective only if

Commonwealth Scientific and Industrial Research

the vessel travels regularly at 15 knots82 to 20 knots.83

Organization (CSIRO). Hobart, Australia. Call

84 Such coatings would be ineffective in preventing

number: 3682

81

attachment of invasive species on hulls of vessels that

Introduced marine species of the North Sea coasts.
Helgolander Meeresunters 52: 219-234.
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Invasive species threaten biological diversity and
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ecological integrity worldwide. They can permanently

81 Minchin, D. and S. Gollasch. 2003. Fouling and

reduce biodiversity by preying on, parasitizing, out-

Ships’ Hulls: How Changing Circumstances and

competing, causing or carrying diseases, or altering

Spawning Events may Result in the Spread of Exotic
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diseases or foster other species that do.1 As their
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84 Swain, G., C. Kavanagh, B. Kovach, and R. Quinn.

habitat loss; others consider invasive species to be the
greater threat.2
These drastic effects occur in part because nonindigenous species thrive in the absence of their natural
competitors, diseases, parasites and predators. 3

2001. The antifouling performance of non-toxic

Bioinvasions may also affect local and regional

silicone fouling release coatings. In: Proceedings of

economies because dramatic losses in diversity of native

Symposium on Prevention of Pollution from Ships

species can adversely affect aquaculture and commercial

and Shipyards. April 4-5, 2001. Miami, FL.

and recreational fishing.4 Biodiversity and socioeconomic impacts of biodiversity losses are discussed

....

more fully in Section II of this report.
Hull-borne invasive species can cause severe

V. Why Aquatic Invasive
Species due to Boating
and Shipping are a
Problem - Introduction

T

economic and ecological damage. Some can damage
shorelines, man- made marine structures, equipment,
and vessels, requiring costly repair or replacement.
Eradication programs are particularly expensive; see
Section VIII of this report for more information.
Global trade and travel continue to increase,

his section will introduce the concept that

creating opportunities for new bioinvasions. Since the

aquatic invasive species (AIS), including those

North American Free Trade Agreement (NAFTA) was

carried by ships and boats, are an increasing problem

implemented, trade has grown as much as five- fold

for North America’s ecosystems and economy.

among NAFTA partners. Unquestionably, growth in trade

Sections VI, VII, VIII and IX will discuss:

and travel, coupled with liberalized customs policies
among NAFTA nations, has escalated transportation of

1. impacts of specific AIS introduced via hull fouling in
California and significant examples from other areas;
2. examples of AIS with significant impacts that were
introduced by other vectors;
3. how hull-borne introductions AIS may be prevented
or managed; and
4. the interplay of antifouling pollution and hull-borne
AIS issues.

plant, animal and microbial species and raised the odds
of bioinvasions in North American ecosystems.5
Invasive species were a contributing or causal
factor in 68% of the extinctions of North American
fish in the twentieth century.6 Because an invasive
species is capable of reproduction, once introduced its
concentration can increase, it can spread over a large
area and it can persist indefinitely. In comparison, a
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species to survive and become invasive.15 This effect is

dissipate or biodegrade over time.7

sometimes called “invasional meltdown.”16
The primary socio-economic impacts of AIS are

new areas and adapt to a variety of environments, the

negative effects on human health and on economic

invasion rate can be expected to increase as they are

productivity that depends on marine environments and

disseminated to adjacent regions and harbors.

resources. Examples include fisheries, aquaculture,

8

communities in North America, shipping was the sole

related social impacts through decreases in employment

vector for 51% of 298 AIS identified in marine and

in activities directly affected by invasive species. For

estuarine waters and was responsible for almost half of

example, the European green crab (Carcinus maenas)

the known invasions on the West Coast. Indeed, more

competes with the native Dungeness crab (Cancer

AIS are present along the Pacific coast than the Atlantic

magister), an important commercial species from San

and Gulf coasts. Most of the AIS on the West Coast

Francisco Bay to Washington state. Another social impact

(53%) were native to the Indo-Pacific and the Western

is the decrease in quality of life of local communities

Atlantic.

as AIS alter the natural surrounding environment.17

9

For example, Caulerpa taxifolia now encroaches on

Pacific, Gulf of Mexico and Great Lakes), as well as

thousands of acres in the Mediterranean Sea, smothering

coastal waters of Alaska, Hawaii and other Pacific

essential habitat for fish and other marine life that people

islands, have felt the effects of accelerating, aquatic

enjoy consuming or viewing or that are critical to the

bioinvasions.

10

A study of 316 invasive species of

region’s ecosystems.18 19
Ecological and economic consequences of marine

attributed 164 (52%) introductions to shipping and it was

bioinvasions have been well documented. Expertise in a

considered one of multiple, possible vectors for another

variety of fields, such as psychology, sociology, political

87 (27.5%) introductions. The study reported that most

science and anthropology, will be required to determine

(66%) of the shipping-associated invasions occurred on

the full, socio-economic impacts of biodiversity losses.20

the Pacific coast, 31% occurred on the Atlantic coast and

Questions that remain to be answered include: What

4% occurred on the Gulf coast.

social customs and norms have aided in the spread of

11

AIS? Do current rules and regulations contribute to their

environment, they will likely remain forever. They

control? Have actions taken by human beings, such as

interact with existing communities and in the process

the destruction of marine environments, fostered the

modify native habitats. This can occur through increasing

spread of non-indigenous marine species?21

predation pressure on native organisms, such as the
European green crab (Carcinus maenas) in California.

....

In the Mediterranean Sea the invasive seaweed Caulerpa
and is unpalatable to many marine animals that depend
on submerged vegetation.12 In Australia, the black-striped
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IX.Antifouling Paints,
Pollution and Bioinvasions – Ecology,
Laws, Technologies,
Practices, Conflicts and
Resolutions

control, recent studies indicate that hull fouling is still
an important vector for invasive species.5 6 7 8 In part this
growth; they do not prevent it from becoming established
on vessel hulls. Significant settlements of biota can attach
to hulls over some days and can be rapidly transported

White Paper 8

is because toxic antifouling paints simply retard fouling

worldwide.9 Thus, periodic, mechanical, hull cleaning is
needed even when antifouling paints are present.10
Also, despite the biocidal action of antifouling

changes, alternative antifouling technologies and

paints, some species have evolved resistance to copper-

practices, and the potential for new policies intended

based antifouling paints.11 Resistance to heavy metals

to improve water quality to conflict with those aiming

is a potentially important trait for introduced marine

to control aquatic invasions. It will also suggest

organisms, facilitating their successful invasion into

approaches that may help to achieve the dual goals

disturbed natural communities.12 Unpublished research

of improving coastal water quality and reducing

in San Francisco Bay suggests that invasive species are

risks of introducing hull-borne invasive species.

more tolerant of copper than native species.13 Russell
and Morris have referred to this adaptation as, “ship

Fouling growth on boat hulls creates drag, slowing

human disturbance can facilitate the establishment and

sailboats and increasing power boat fuel consumption.

spread of invasive species in marine systems.15 These

Antifouling paints with heavy metals, such as tin and

results suggest that improving coastal water quality by

copper, have been used widely to slow fouling growth.

reducing pollution from antifouling paints and other

The primary goal of antifouling paints is to prevent

sources could help native species that are less tolerant of

hull roughness, because fouling can increase vessels’

heavy metal and other pollutants to resist invasions.

in Australia indicates that certain invasive species
benefit from highly polluted environments and that

resistance to movement through the water by 7% to
10%,1 increasing fuel consumption in some cases by
damaging the surface of wooden or fiberglass hulls.

Environmental Impacts of Heavy
Metals from Antifouling Paints

A widely held belief presumes that antifouling

Metals that leach from antifouling paints can accumulate

paint technologies, such as those based on tributyl tin

in the water of poorly flushed boat basins to levels that

(TBT) or copper, will significantly reduce or eliminate

scientific research has shown will harm marine life.

speeds and cargo loading times. Some scientists have

concentrations.16 Research found that elevated TBT

expressed concern that recent, decreased use of certain

levels in the water column caused imposex (sex changes)

antifouling compounds, such as paints containing TBT,

in whelks, deformed oysters, and affected the food web by

4

may increase fouling communities on certain vessels.

accumulating in lower organisms.17 18 19 20 Severe imposex

The concurrent assumption has been that antifouling

causes sterility21 with the result that local populations

paints could also prevent hull-borne, invasive species

decrease dramatically or become extinct around

introductions.

ports.22 23 24 As early as 1975, significant and repeated
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disturbances occurred in Arcachon Bay oyster farms

international ban of TBT antifoulants, copper-based

on the Atlantic Coast of France. TBT contamination

antifouling paints have become the standard and zinc-

of local breeding waters was responsible for stunted

based products have also reached the market.

Imposex has been

Copper-based boat bottom paints are legally

documented in the wild for as many as 150 species of

registered pesticides54 that are facing new restrictions.

marine snails worldwide.26 The relationship of imposex

Recently, California Regional Water Quality Control

to shipping traffic, poor recovery of affected populations

Boards (CRWQCB) and the United States Environmental

in some areas, and widespread accumulation of butyltin

Protection Agency (USEPA) identified dissolved copper

residues in marine mammals led to calls to prohibit TBT

levels that exceed federal and state standards in several,

on all vessels.

Southern California small craft harbors.55 56 Section

growth and failure to reproduce.

25

27

Elevated copper levels affect growth, development,

303(d) of the federal Clean Water Act requires each

feeding, and other activity levels such as reproduction

state to maintain a list of impaired water bodies.57 The

and survival at various life stages of mussels, oysters,

California Toxics Rule (CTR) defines levels of pollution

scallops, crustaceans and sea urchins. High copper

that are low enough to protect marine life based on many

levels also change the types of phytoplankton that thrive

scient ific studies; currently the standard for dissolved

in boat basins. 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44

copper is 3.1 µg/l (micrograms per liter). In other words,

Low levels of dissolved copper affect the sense
of smell of juvenile coho salmon, which is critical for

the ratio of dissolved copper to water can be no more
than 3.1 parts of copper to 1 billion parts of water.58

homing, foraging, and predator avoidance. Such effects

A 2003 study by the Southern California Coastal

could reduce chances of survival or reproduction of

Water Research Project concluded that 95% of dissolved

and

copper released by antifouling paints occurs by passive

salmon populations in the Pacific Northwest

45

should be investigated for other fish species.

leaching and 5% occurs during in-water hull cleaning.

Some of the newer antifouling paints contain

59

Following a Total Maximum Daily Load (TMDL)

zinc, posing the risk that widespread adoption of such

assessment and regulatory process, new regulations

products could increase its concentration in marina

to reduce copper leaching from small craft antifouling

waters to levels that are harmful to marine life. Elevated

paints by 76% over 17 years were approved in 2005 for

zinc levels may affect early stages of invertebrate

Shelter Island Yacht Basin in northern San Diego Bay,

growth and maturation and may be lethal.

This

46

where about 2000 boats are berthed.60 61

impairment in growth could result from a reduction

As part of the Shelter Island Yacht Basin TMDL

in available, metabolic energy, because zinc affects

implementation plan, the California Regional Water

feeding, respiration, excretion,

Quality Control Board, San Diego Region (CRWQCB,

47

48

energy absorption

49

and molting frequency50 in crustaceans. Elevated levels

SDR) will:

of zinc inhibit the chemoreceptors of marine animals,
affecting their ability to feed and can affect the nervous
system, disrupting prey capture and manipulation.

51

1. coordinate with government agencies having legal
authority over the use of copper-based antifouling
paint to protect water quality; and

Antifouling Paint Regulation

2. regulate discharges of copper to Shelter Island
Yacht Basin through issuance of Waste Discharge

Environmental concerns led the International Maritime

Requirements which could build upon pollution

Organization to initiate a phased ban of TBT in

control programs developed by discharger organiza-

antifouling paints that will be fully enforced in 2008.52

tions or the Port.

The United States banned TBT in 1988.

53

With the
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likely to spread well beyond Southern California.
Copper-based antifouling paints have been banned

reports to the Regional Board to assess the effectiveness

for use by pleasure craft in the Netherlands.75 76 They are

of measures that are used to reduce the level of copper in

banned for pleasure craft on the east coast of Sweden

the water.

and are restricted on the west coast of Sweden77 and in

62

Marina managers in Shelter Island Yacht Basin

Denmark.78
Some agency and boating industry representatives

in order to comply with new regulations. To do so, they

have expressed concern to us that new antifoulants with

will need to obtain verification from boat repair yards

persistent toxicants could pose future environmental,

that have applied coatings to boats of the marinas’

regulatory and related socio-economic challenges similar

tenants. The verification would need to clarify the

to those now posed by TBT and copper. We suggest that

coatings ’ status with respect to copper leaching. Such

careful consideration be given to these challenges before

documentation could be difficult to obtain for boats

such alternatives are adopted.

area. Such new systems of accountability will impose
additional burdens on these small businesses.63

Alternative Fouling Control

Newport Bay in neighboring Orange County and another

antifoulants are stimulating major coating companies

is underway at Marina Del Rey in Los Angeles County.

and new, smaller companies to develop innovative,

In late 2005, the CRWQCB, SDR recommended

nontoxic and other, alternative antifouling products.79

placing other areas of San Diego Bay on the section

Many alternative bottom coatings with reduced environ-

303(d) list of impaired water bodies due to elevated

mental impacts are under development and a few have

levels of dissolved copper. Thus, similar restrictions on

reached the market. As the demand for these alternatives

leaching of copper from antifoulants may be extended to

increases and as more alternatives enter the market, their

other parts of Southern California in coming years.

prices will likely fall.

64 65

66

California agencies are considering a statewide

....

approach to reducing copper pollution from antifouling
paints.67 A California interagency workgroup and the
USEPA are reevaluating registration of copper-based
paints on water quality are not adequately addressed after
two years, the CRWQCB, SDR, in conjunction with the
work with all coastal CRWQBs to develop a state policy

paints may exacerbate invasions as the toxicity of vessel

that addresses water quality impairments in marinas

hulls declines and water quality improves in coastal

The USEPA

ports and harbors. On the other hand, native species may

has proposed lowering the allowable level of dissolved

be more resistant to invasions if water quality improves.

copper in coastal waters from 3.1 µg/l to 1.9 µg/l.

71 72

Coordination is needed to resolve conflicts between

In the United States, copper is the most common metal

policies to control hull-borne, aquatic invasive species

found at toxic concentrations in marina waters.73 74 If the

in hull fouling and reduce antifouling paint pollution.

agencies move forward with these actions, increased

Research could help to find feasible and cost-effective

restrictions on copper-based, antifouling paints are

solutions. More information on the relationship between

from copper-based ant ifouling paints.

70
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antifouling pollution and invasive species can be found

copolymer bilayer coatings. Polymeric Materials

in Section V of this report.

Science and Engineering 88:608-609

As noted earlier in this report, the entire California

3

Coutts, A.D.M. and M.D. Taylor, 2001. An

coast has experienced some level of invasion by species

Investigation of High Risk Areas on The Hulls

not native to the state or not native to the area of the

of Merchant Vessels for the Translocation of

coast where they have been discovered. In many cases,

Exotic Fouling Organisms, Cawthron Institute.

invasive species introduced as hull fouling have caused

Proceedings of the Second International Conference

ecological damage and economic effects involving

on Marine Bioinvasions, New Orleans, La., April

millions of dollars worth of structural damage.

9 -11, 2001, pp. 25 -27.

Nontoxic coatings do not retard fouling growth, so

4

Nehring, S. 2001. After the TBT era: alternative

they need to be cleaned every two to three weeks. Section

antifouling paints and their ecolo gical risks.

101 (3) (B) (iv), (v) of the United States Senate119

Senckenbergiana Maritima 31:341-351.

and House120 versions of the National Aquatic

5

Rainer, S.F. 1995. Potential for the introduction and

Invasive Species Act of 2005 suggests guidelines on

translocation of exotic species by hull fouling: A

best management practices to eliminate or minimize

preliminary assessment. Commonwealth Scientific

aquatic invasive species (AIS) transport by vessels. The

and Industrial Research Organization (CSIRO)

guidelines include proper use of antifouling coatings

Centre for Research on Introduced Marine Pests.

and, to the maximum extent practicable, collection and

Technical Report 1. Hobart, Australia.

proper disposal of debris from hull cleaning. Section

6

Coutts, A.D.M. 1999. Hull fouling as a modern

305 prescribes “an education, outreach and training

vector for marine biological invasions: investigation

program directed toward marinas and marina operators

of merchant vessels visiting northern Tasmania.

regarding … (III) encouraging regular hull cleaning

Unpublished Masters Thesis, Australian Maritime

and maintenance; avoiding in- water hull cleaning” for

College, Launceston, Tasmania, Australia. 283 pp.

watercraft at marinas.

7

Hewitt, C.L., M.L. Campbell, R.E. Thresher, and

According to hull cleaners in the San Diego area,

R.B. Martin, eds. 1999. Marine biological invasions

the technology to collect fouling growth during in-

of Port Phillip Bay, Victoria. Centre for Research

water cleaning is not suitable for boats normally kept in

on Introduced Marine Pests, Technical Report 20,

saltwater. (The United States Navy and the New Zealand

344pp. Commonwealth Scientific and Industrial

Diving and Salvage Ltd. are developing in-water hull

Research Organization (CSIRO). Hobart, Australia.

cleaning and fouling-waste containment systems for
ships.)

8

Hewitt, C.L. and M.L. Campbell. 2001. The
Australian distribution of the introduced sphaero-

121 122 123

matid isopod Paracerceis sculpta (Homes 1904).

....

Crustaceana 78: 925-936.
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step would be to clean the hull before leaving the home

Salvage Ltd. Cawthron Report No. 755. Cawthron

harbor to travel visit a distant region, island or to an

Institute, Nelson.

event with boats from other areas. Boats kept in major

....

ports are at a higher risk of acquiring invasive species
from international shipping. Their owners should be
another harbor.
Boat owners, who have left their home region or
visited a major port, should clean hulls before traveling
to a new destination or returning home. Upon arrival

....

from a distant region or major port, heavily fouled boats
should be hauled out for hull cleaning. Removed material

Risks posed by AIS can be expected to increase as

local ecosystems. These practices are enhancements of

international shipping commerce continues to grow.

existing, hull-husbandry practices and thus should be

Ships are responsible for most of the long-distance

reasonably easy to adopt.

should be contained and disposed to prevent release to

Research is needed to more clearly define the types

water structures. However, there is increasing evidence

of invasive species that are likely to be transported on

that boats transport them along the coast within a region.

boat hulls and their expected ecological and socio-

Hull husbandry practices to prevent and control

economic impacts on recipient regions. Research is also

invasive species transport will need to consider water

needed to develop appropriate management systems and

quality, tolerances of invasive and native species to

to evaluate new hull-husbandry products and practices.
Education has a strong track record in encouraging

regulations, and costs of new products, practices and

boat owners and boating businesses to prevent pollu-

reporting requirements.

tion. It has also been demonstrated to be effective

California, invasive species management systems will

invasive species in the Midwestern United States.

need to be coordinated throughout the West Coast of

Representatives of boat owners and boating businesses

North America if they are to succeed. Lessons learned

have recommended education as the most effective tool

in Australia, New Zealand, Hawaii and the Midwestern

for changing practices to prevent transport of invasive

region of the United States can provide valuable

species by boats in California. Involving boat owner,

insights. However, management systems and policies

boating and fishing business organizations, as well

to support them must address the unique situation and

as organizations such as Clean Marina, BoatUS, Sea

characteristics of boats that are kept in saltwater and

Partners and Sea Grant, in developing and conducting

removed every one to three years for maintenance.

education and outreach are effective approaches.

Managers will need to communicate with each other and

Education programs should be based on research, or on

with policy makers, boat owners, boating, fishing and

long-term and validated practices, in order to provide

hull-coating businesses, and scientists and educators to

accurate information.

develop effective and sustainable policies.
Boat owners and boating businesses can take

....
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immediate steps to prevent and control invasive species
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Conclusions

especially diligent in cleaning the hull before leaving for
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response tools-underwater vacuum and filtering

103
Journal 5.indd 103

9/03/12 09:48

The Australian Government Department of
Agriculture, Fisheries and Forestry (DAFF)

T

he Australian Government Department
of Agriculture, Fisheries and Forestry
(DAFF) Invasive Marine Species Program
has been working with the New Zealand
Ministry of Agriculture and Forestry (MAF)
on a review of the ANZECC Code of Practice
for Antifouling and In-Water Hull Cleaning
and Maintenance (1997).
Draft guidelines have already been prepared
containing much valuable information about

and insight into best practices for prevention
of the spread of aquatic invasive species via
ship hull fouling.
In response to a request for permission
to reprint sections of the draft document,
the DAFF Invasive Marine Species Program
team instead prepared the following article
specifically for this issue of the Journal of Ship
Hull Performance. We are pleased to publish
the article here in full.
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to update guidance for vessel owners, industry

and government on appropriate antifouling and in-

Since the release of the ANZECC Code, a number of
significant changes have occurred within the maritime
industry in relation to antifouling coatings and the

countries have worked together to draft new guidelines

management of biofouling on vessels. In response to

that are intended to replace the 1997 ANZECC Code of

these changes, Australia and New Zealand agreed to

Practice for Antifouling and In-water Hull Cleaning and

review the code to ensure its alignment with current

Maintenance (the ANZECC Code).

technologies and international conventions.
The most significant change was the introduction

Agriculture, Fisheries and Forestry explains the reasons

of the international ban on the use of TBT under the

for the review of the existing ANZECC Code and how

International Convention on the Control of Harmful

the new guidelines have been developed in consultation

Antifouling Systems on Ships 2001, which came into

with Australian and New Zealand maritime industries

force globally in 2008. The ANZECC Code was then at

and other affected stakeholders.

variance with the convention as the code indicated that

The ANZECC Code

TBT based coatings may be used on vessels over 25 m
in length in Australia.
antifouling coatings that contain alternative biocides or

and New Zealand Environment and Conservation

technologies. Those that do not contain active biocides

Council (ANZECC) in 1997 to provide guidance to boat

require regular cleaning or grooming in-water to curtail

owners, industry and government in Australia and New

biofouling accumulation and it was recognised that in-

Zealand about the appropriate application, use, removal

water cleaning of surfaces with these coatings may not

and disposal of antifouling coatings and appropriate

have the chemical pollution risks attributed to other

practices for in-water cleaning and maintenance of

types of coatings.

vessels.
The code was developed in response to concerns over
the toxic effects of antifouling biocides—particularly

The review process
The first stage of the review was a literature review and

the marine environment and the potential for in-water

analysis of the risks and benefits of in-water hull cleaning,

hull cleaning practices to facilitate the establishment

based on an understanding of current and proposed

of non-indigenous marine species. The code strongly

in-water cleaning techniques and technologies. The

discourages in-water cleaning of vessels.

resulting report [Review of biosecurity and contaminant
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tributyltin (TBT) and copper-based compounds—on
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The ANZECC Code was published by the Australian
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The ban on TBT also led to the increased use of
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Here, the Australian Government Department of
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Government and the maritime industries in both

IMO 2011
Guidelines

water cleaning practices.

Why was the ANZECC Code
reviewed?

White Paper 8

A

ustralia and New Zealand are working together

Welcome to the
Journal of Ship
Hull Performance
January 2012

Australia and New Zealand revise guidelines on
antifouling and in-water cleaning

risks associated with in-water cleaning] is available from
the marine pests website [www.marinepests.gov.au].
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achieve a balance between biosecurity and contaminant management, and operational realities
• propose to cover all vessel types, movable structures,
infrastructure and aquaculture installations in all
aquatic environments
• provide guidance on antifouling coatings based on upto-date technologies, include requirements for optimal
coating performance and explain the contamination risks
associated with coating application and maintenance
Waterblasting of biofouling on a yacht. Copyright New
Zealand Ministry of Agriculture and Forestry.

• provide separate advice for professional and nonprofessional maintenance, given that practices for
antifouling coatings differ between commercial and

The information from the literature review was then

recreational facilities

used to revise the code, including the development

• acknowledge that regular and appropriate in-water

of practical decision-making criteria and tools that

cleaning can reduce biofouling risks by preventing

regulators and industry could use to assess and manage

the development of mature biofouling on vessels and

biosecurity and contaminant risks posed by in-water

movable structures

cleaning activities.

• are consistent with existing international conventions

The code was revised in consultation with key regu-

and are aligned with the recently adopted International

latory, industry and non-government stakeholders through

Maritime Organization Guidelines for the Control

a Redrafting Correspondence Group in each country.

and Management of Ships’ Biofouling to Minimize

The correspondence groups included representatives

the Transfer of Invasive Aquatic Species.

from all levels of government, the maritime industry
(including commercial shipping, recreational boating,

A key feature of the draft guidelines is the inclusion of

fishing, ports, maintenance operations and, antifouling

a decision support tool for in-water cleaning. This tool

coating manufacturers), defence forces, research specialists

allows users to determine whether in-water cleaning is

and conservation authorities. This diverse membership

likely to be acceptable (and under what conditions). It

meant that a wide range of expertise and perspectives were

uses information on the maintenance and voyage history

considered as the guidelines were developed.

of a vessel or movable structure to reach a decision point.

The draft guidelines were released for public

The decision support tool will also help owners

consultation in both Australia and New Zealand in

or operators of vessels and other movable structures to

October/November 2011. The consultation period has

determine the types of information and documentation

now closed and stakeholder feedback is now being

that may be required in order to make decisions on in-

considered. The guidelines are expected to be finalised

water cleaning.

by mid 2012.

What do the draft guidelines cover?

How will the guidelines be
used?
It is proposed that the draft guidelines—once finalised

The revised draft guidelines differ from the existing

and endorsed—would assist decision makers in

code in that they:

Australia and New Zealand to avoid, remedy, or mitigate

• use a risk-based approach, reflecting the need to

any adverse environmental effects arising from the
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export markets.
DAFF works with the Australian states, the

the endorsed guidelines when planning and considering

Northern Territory and the maritime industry to develop

requests relating to the cleaning and maintenance of

nationally consistent policies and programs to manage

vessels and movable structures.

the biosecurity risk posed by invasive marine species.
DAFF has overseen the development and im-

owners and operators of vessels and movable structures,

plementation of the National System for the Prevention

operators of maintenance facilities, and contractors

and Management of Marine Pest Incursions [www.

providing vessel maintenance services to help them

marinepests.gov.au/national_system].
Measures employed under the National System

meet any regulatory requirements relating to their activity.

aim to prevent the introduction of new invasive

Whilst the guidelines will help the shipping

marine species though biofouling and ballast water

industry meet regulatory requirements, they also assist

and coordinate an emergency response in the event of

industry to play their part to prevent the introduction or

an incursion and implement management systems to

spread of marine pests in Australia and New Zealand.

control existing marine pest incursions.
DAFF also represents Australia in international

biosecurity status which needs to be maintained to protect

forums relating to invasive marine species. In particular,

each of our industries, environment and economies. As

it has been very active in the development of the

such, everyone has a role in biosecurity.

International Maritime Organization’s position on
MAF is charged with leadership of the New Zealand
biosecurity system.
MAF’s role is to keep out, remove, or effectively
manage the harm that pests or diseases can do to the
New Zealand economy, the environment and the health
of New Zealanders. It does this by:
• providing leadership across the biosecurity system
• establishing policy, standards and regulations
• delivering effective interventions

Australia and New Zealand are currently developing

effort.

new guidelines on antifouling and in-water cleaning
MAF’s work has several outcomes:

the Australian Government Department of Agriculture,

• preventing harmful organisms from crossing New

Fisheries and Forestry (DAFF) and the Ministry of

Zealand’s borders and establishing, while ensuring

Agriculture and Forestry (MAF) in New Zealand.

trade and tourism are maintained

DAFF Biosecurity manages quarantine controls
at our borders to minimise the risk of exotic pests and

• reducing the unwanted harm caused by organisms
already established in New Zealand, and

diseases entering the country. DAFF Biosecurity also

• supporting New Zealanders to ensure they are informed

provides import and export inspection and certification

and involved participants in the biosecurity system.
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practices. This work is being done by a joint team from
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maintain and enhance vessel hygiene practices, as well as

IMO 2011
Guidelines

It is hoped that the guidelines would also be used by
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maintenance of vessels and movable structures.

to help retain Australia’s highly favourable animal, plant
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and human health status and wide access to overseas
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NIS and Ship Hull Fouling – A View from the Front Lines
An interview with Hydrex CEO, Boud Van Rompay

Hydrex Founder and CEO Boud Van Rompay prepares to dive to inspect and monitor hull and propeller cleaning activities on
an Ecospeed coated vessel in December 2011.

W

ith over 40 years of experience in diving,

Journal of Ship Hull Performance (JSHP):

underwater ship hull maintenance, and

From your experience, does traditional biocidal anti-

development of ship hull coating systems and fouling

fouling paint actually prevent animal fouling organisms

control, Boud Van Rompay sheds light on the

and potential invasive species from attaching to the hull

practical aspects of eliminating the spread of aquatic

of the ship?

invasive species via ship and boat hull fouling.
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a bad weld at all. It’s an animal. I see this all the time

No, traditional biocidal antifouling paint cannot

when looking at hulls.
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Boud Van Rompay (BVR):
completely prevent fouling from attaching, particularly

White Paper 8

in the nooks and crannies and recessed areas which
are called niche areas. That’s a much bigger area than
you would think; it’s not just a sea chest or an intake
or an outlet, of which there are a multitude, and the
bow thruster tunnels and stabilizer fins and so on and

IMO 2011
Guidelines

so forth; there is also the whole bilge keel area which is
usually infested with animal life directly attached to the
antifouling coating.
When we were cleaning in the 70s and 80s the first
area we went to was the stern and the stern was usually
Because it was in the wake. That whole stern area is

Acorn barnacles and mussel fouling on the underside of
the bilge keel turn of the bilge keel.

actually a recessed area because there’s less current.
I’ve never seen antifouling without marine growth

JSHP:
So what is the mechanism there? Is it the fact that the

of drydock. And I’m talking about animal fouling, not

antifouling paint depends on a water flow to take away

just weed or slime. In fact, I don’t think I’ve ever seen a

its surface layer and expose more biocide or what?

ship without animal fouling.

BVR:
It could be a combination of the antifouling paint being

So the main factor is whether it’s protected from the

more active or the spores having a harder time attaching

water flow or not, is it?

because of the current.
It could also be because we know very generally that
spores attach when the ship is at anchor or moored and

Where you have the least marine growth is on the bow

then when the ship starts to sail they have less purchase

and the forward third of the hull. Because that’s where

in the higher current areas than in the lower current areas

you have the highest current, just as a result of the hull

so where they have attached they will survive and attach

shape and the water flowing around the hull. It is forced

better.

to speed up around the bow area. Then it starts to slow
off and you see an increase in fouling attached.

Let’s say you’re in the port of Las Palmas and
you sail away from there with spores on the hull and
you arrive in Southampton; then my expectation is that

current, the more you see animal growth. It’s protected

the animals in the recessed or lower current areas have

from the current to a certain extent. Then almost

been able to find purchase. That’s why you see so much

instantly you have fouling. It’s the most amazing thing.

variation in the marine growth. It is current related, but it

The fouling organisms find their way around the bilge

has more to do with the capability of the spores to attach

keels. One can’t even understand how they can be there

than with the active antifouling.
At the end of the day it doesn’t really matter if

one thinks are paint or damage but in fact there’s an

it’s because of the wake, or because of the refreshed

animal sitting there. It looks like it’s a bad weld. It’s not

antifouling coating. It’s what you see that matters.
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The more recessed an area, the more it’s out of the
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full of barnacles riding on the antifouling paint. Why?
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And what you see is that there is still a lot of micro-

fouling. Fouling release coatings accumulate slime

and macro-fouling on the antifouling paints – they are

and plant fouling quite easily. A probable explanation

unable to eliminate this fouling.

of why the animal fouling is retarded more by silicone

There is no solution with antifouling paints because

fouling release coatings is that the silicones have greater

the organisms survive anyway and in fact the antifouling

effect on the animal fouling than on the plant fouling

paints develop copper tolerant or biocide tolerant

because the plant fouling is less affected by it as there’s

species which are more aggressive and have a better

no glue to deal with. This is a further indication that the

chance of survival in the new environment which they

fouling release coatings are chemical and are toxic and

are invading.

have not been qualified from the viewpoint of what the

Antifouling paints are not an answer to eliminating
NIS.

environmental effects are going to be on a short term or
long term basis.

JSHP:
How about fouling release coatings?

BVR:
Same thing. The fouling release coating is not just a
mechanical fouling release, it’s also a chemical fouling
release. The chemicals in the fouling release coatings,
such as silicone, interfere with the glue that comes from
the barnacles and the release does not just come from the
mechanical release, from surface tension – there may be
a some of that involved as well – but the main thing, and
they knew that already in the 90s, is that the barnacle or
other glue turns into gunk and it’s not active any more

Fouling accumulated on a silicone fouling release coating.

as glue.
It’s actually known in scientific circles that the glue

So we definitely have less animal fouling on a

produced by barnacles is much better than any glue you

fouling release coating but probably for reasons that

can buy in the store, much better than anything that ever

have never been stated. We see slime, weed, algae and

came up in terms of chemical glue compounds. It’s the

grass on fouling release coatings because there’s no glue

best glue bar none. But the oils in the fouling release

to be interfered with. That’s the probable reason that

will turn that superior glue into gunk with whatever

fouling release coatings are relatively ineffective for

other consequences, unknown as yet. We shouldn’t be

slime and weed.

experimenting with something when we don’t know the
consequences.

But it’s also a general rule anyway that as soon as
the ship accumulates slime and weed then animal fouling

But for fouling release it’s the same rule as for

will also start to develop. One of the things the grass will

antifouling coatings: you will still have animal marine

produce is absence of current. It creates a protected area

fouling and the ship will carry aquatic invasive species

for the animal fouling spores. So that will enhance the

to areas where they are not indigenous with the risk of

settlement of barnacles and other animal fouling species.

spreading invasions.

In the presence of weed and algae fouling, you often find

Fouling begins with slime and continues with weed

small barnacles and tube worms in there too.

or grass fouling, followed by barnacles and other animal
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Is it possible to clean traditional antifouling coatings

coating. Then we’re talking about what has been referred

or fouling release coatings so that the aquatic invasive

to as the “gladiator species” phenomena. The biocide

species are removed before a ship sails or on arrival?

tolerant species are tough and resilient and aggressive
and can more easily overwhelm local marine species

BVR:

when they arrive at a destination where they are not

Traditional antifouling coatings and fouling release

indigenous. You actually make them even more “alien”

coatings are soft coatings. The biocidal coating by its

when you use biocide-based antifouling coatings.

polish.” Cleaning such a coating immediately results in

JSHP:

massive pulse discharges of the biocides in the coating,

Can you explain why it is so important to have a 100%

which is a serious hazard to the marine environment

clean hull in order to eliminate the spread of NIS?
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very nature is designed to wear away or “ablate” or “self
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JSHP:

and is very dangerous to human health. It also depletes

BVR:

a slow release chemical agent. These coatings are not

With alien species it’s very simple. Whether you have

designed to be cleaned in or out of the water and doing

5% of the hull fouled or 100% of it fouled makes little

so creates massive pollution.

difference to the degree to which you will spread NIS. In

by abrasion. They are absolutely unfit for cleaning, and

Spores are spores and whether you have 5% of the hull

when they accumulate any serious degree of fouling

carrying spores or 100% of the hull carrying spores,

there is no solution, especially when you go for the

you still have spores. They can still detach somewhere

complete cleaning including niche areas which is what is

and start to spawn, and the entire reproductive process

needed in order to prevent the spread of NIS. To prevent

is based on overproduction so even a small percentage

the spread of NIS, you need a 100% clean hull, not a

of the hull carrying invasive species will be enough to

90% clean hull and it’s not possible to clean a fouling

create an invasion.
Let’s say you have African barnacles detaching

of the coating; whole sheets of it are going to come off,

and spawning in Southampton, it’s virtually immaterial

or Polytetrafluoroethylene (PTFE)

whether you have just a few or a large number, because

or silicone, it really deteriorates. If you go in with a

the animals are going to establish themselves and spread

really soft cleaning tool, it may work on perhaps 90%

in the invaded area. It is not a matter of quantity because

or 70% of the hull and on the rest it will not work, and

any quantity is more than enough to cause an invasion.

then you still have your 10% or 20% or 30% of the hull

Procreation always works by overproduction. This is

fouled. That defeats the purpose.

how survival is guaranteed.

whether it’s Teflon

TM

So there really is no point in talking about using
antifouling to prevent the spread of NIS when you know

Does the phenomenon of copper tolerance or biocide

you’re going to have at least 5% or 10% of the hull

tolerance have any bearing on the use of antifouling

fouled anyway.

paints to try to prevent the spread of NIS?

If you want to be serious about alien species and
really try to stop the spread, then you have to get away
from the antifouling paints and the fouling release paints

We know what it means if you have marine growth sitting

as answers. And you have to be able to attain a 100%

on antifouling paint. It means that the fouling species are

macrofouling-free hull.

Upcoming
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BVR:
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release coating 100% because you will damage so much
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other words, reducing the fouling to 5% is not the answer.
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Fouling release coatings are soft and easily damaged
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the coating rapidly which defeats the purpose of having
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JSHP:

BVR:

So this then is going to be the crux of any workable

No. Let’s say 10% is niche areas. Your cleaning bill will

approach. How practical is it to achieve that 100%

probably be 50% more to handle the niche areas rather

clean hull?

than just doing the vertical sides and flat bottom of the
vessel, even though the niche areas may only be 10%

BVR:

of the total wetted surface. But because there’s so much

It’s totally practical. But you’re going to have to

money saved by cleaning 90% of the hull, this easily

do it. Zero tolerance on NIS is 100% feasible. I can

covers the additional cost of cleaning the niche areas.

demonstrate it in less than a month. Give me a boat

There will be extra costs involved in cleaning

or 10 or 100 boats or ships and I’ll show you it can be

the niche areas, but they will easily be covered by the

done. But it depends on having the right hull coating

cleaning of the complete hull including the propellers.

which has to be a hard, non-toxic coating which can be
cleaned as often as needed without any adverse effects

JSHP:

on the environment or the coating, and on routine high

Are there any other economic benefits from cleaning the

quality, industrial grade hull cleaning including all the

niche areas?

niche areas.

BVR:
JSHP:

To a certain extent cleaning up the niche areas improves

And it’s economically feasible?

the fuel efficiency. Also in terms of cost of future
maintenance, predictive maintenance and condition

BVR:

monitoring, routine cleaning of the niche area represents

And it’s economically feasible. But you’re going to have

an economic benefit. With that you can have condition

to look at the real economics, not what you get from

monitoring. There are a couple of things that go hand

lobbies or vested interests. You’re going to have to do

in hand with taking care of the niche areas when these

the real calculations. And the real deal here, and what

have been coated with a hard coating. The hard coating

legislators, regulators, port authorities and society at

ensures a complete absence of corrosion which is a

large have to look at, is that if you do a proper 100%

major plus. With regular cleaning you can see what’s

ship hull fouling NIS elimination program, the entire

going on so you have condition monitoring as you go.

operation is more than paid for by the resulting fuel

Future maintenance costs will be reduced due to ongoing

savings, so in fact the program won’t cost anything. The

condition monitoring and preventive maintenance and

100% approach, the zero tolerance approach, is also the

this factor all on its own will probably pay for the extra

zero cost approach. On the contrary, it actually saves

cost of cleaning. It will result in less time in drydock. In

money. It saves you fuel and that helps reduce CO2 and

fact the regulations on drydocking can be relaxed under

other emissions. So NIS elimination and an optimally

this system and one can easily envisage 10 year drydock

fuel efficient ship go hand in hand.

intervals.

JSHP:

JSHP:

It has been suggested that thorough cleaning of the ship’s

How do you see things developing in the shipping

niche areas (to eliminate the NIS threat) is costly and does

industry to put a stop to the spread of NIS via ship hull

not really benefit the shipowner/operator in any way and

fouling?

could be considered an unnecessary expense. Is this true?
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be whipped up in a very short time. And it can grow

There is a general approach to it which consists of a

organically. In just a few years the infrastructure could

hard hull coating, 100% cleanability, and zero tolerance

be put in place to serve the entire market.

everybody has to do his own homework.
It has to start with government owned ships: navies,
coastguards, port authority boats and ships, the buoy

JSHP:
Do you think the same basic system would apply to the
small craft, pleasure craft, local vessels?

White Paper 8

of NIS, but it will be translated in different ways, and
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BVR:

tenders, ferries and everything else that is government
under the control of the legislative and regulatory bodies.

Absolutely. If you want to be serious about NIS then

There’s no point going after the shipping industry as a

you’re going to have to show that your boat is 100%

whole when just in the USA for example you have a

clean if you want to move it. It can probably be achieved

few thousand vessels alone where the government has

quite economically for a small boat because it can be

an instant say in their hull maintenance.

lifted out of the water and high pressure washed. The

Standard operating procedures should be written

fact that a good surface treated coating (STC) need only

for maintaining these vessels and keeping them NIS

be applied once and then last the service life of the hull

free. We can help do that.

is a major benefit.
But again, it’s not the expense to the owner which is
really important. It’s the total expense of the antifouling

In terms of the availability of cleaning, obviously there’s

contamination, the polluted sediment due to antifouling

got to be enough high quality cleaning available to

paint, that is going to be the biggest single cost that

cope with the traffic. Is that something which can be

will ever have to be borne by a society or a country

accomplished?

or a government or a state or local government as a

BVR:

profit from the use of antifoulings is minute compared

We know from experience that with a commercial

to the actual cost of the work required to clean up the

vessel if you spend $1 on cleaning you gain $4 in fuel

contamination they produce.
When it’s in an economical framework there is

might shift from $1:4 to $1:2. That gives you an idea

absolutely no discussion about who is paying the bill.

of what margins are there. The basic message is that

That is the end user. And the end user should have a

it will not cost anything to do this. The production of

say on what’s going on with boat and ship hulls and

cleaning machines and equipment is not a problem;

what kind of a negative effect they can produce on the

you can produce as many machines as you need, almost

environment. The end user is also the taxpayer.

overnight. Thousands of machines could be produced in
As far as divers are concerned, well, 10% of the US

JSHP:
To sum up?

alone is unemployed. There is no shortage of people. It’s
better to generate jobs than to use heavy chemicals.
The economical wherewithal and effort required

BVR:
The whole subject can be summed up in a few lines.
When it comes to NIS prevention, there is no point

How difficult is that? There’s no shortage of divers

going for reduced fouling on ship hulls. If you’re serious

or training potential or training facilities. That can

about preventing the spread of NIS then there must be
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could be compared to setting up a small-sized airline.
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efficiency. In order to go for zero tolerance on NIS this
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single effect produced by one industry. The perceived
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operated. They can produce a big change and are directly
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zero tolerance of macrofouling on ship hulls.
This cannot be achieved using biocidal antifoulings

Legislation and regulation should be for zero
tolerance.

or fouling release coatings. Cleaning is required and

And the best part is that proper implementation

they do not lend themselves to cleaning. They have other

of this system will benefit shipowners/operators,

drawbacks.

governments, ports and end users both economically and

What is needed is a hard, non-toxic coating which

environmentally. There is no downside.

can be applied to the entire underwater ship and which
can be cleaned as often as required without damage to
coating or environment. That includes all niche areas.
Routine 100% underwater ship hull cleaning is a
must.
The government owned ships and boats must lead
the way and show that the system works.
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Some upcoming conferences, seminars and other events that may be of interest,
listed in date order.
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Upcoming Events
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Tampa Convention Center, Tampa, Florida, USA

For more information, visit: http://www.sspc2012.com/
Hydrex will be presenting a paper on Hull Coating Systems in the Post-TBT Era at SSPC 2012.

Salt Lake City, Utah, USA - Salt Palace Convention Center

Hull Fouling and
Copper Tolerance

March 11-15, 2012

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

SSPC 2012 Features 100% Protective, Marine, Industrial & Commercial Coatings: Comprehensive technical education - Networking
events - Peer-to-peer interaction - GreenCOAT programming - Large exhibit hall featuring the industry’s leading companies.

IMO 2011
Guidelines

30 January - 2 February 2012

Managing Hull-Borne
Invasive Species and
Coastal Water Quality
The Australian
Government Department
of Agriculture, Fisheries
and Forestry

he world’s largest Corrosion Conference will take place in Salt Lake City, Utah in 2012. CORROSION 2012 is an
opportunity for corrosion industry leaders, executives, and decision-makers to join together for an exciting week of
symposia, forums, networking events, and other interactive opportunities. More than 5,000 industry professionals and
350+ exhibitors from around the world attend the NACE Annual Corrosion Conference and Exposition each year.

http://events.nace.org/conferences/c2012/index.asp

Upcoming
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For more information, visit
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Hydrex CEO,
Boud Van Rompay

T

Please come and visit us at the Hydrex booth, (booth number to be announced).
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March 19, 20 & 21, 2012

CMA (Connecticut Maritime Association, Inc.) Shipping 2012
Hilton Hotel, Stamford, Connecticut
27th Annual Shipping Conference and Exhibition

ATTEND SHIPPING 2012 AND ENHANCE YOUR BUSINESS
1 Superb networking opportunities
and plenty of time to conduct
business.
2 Topical & valuable Conference
Program with customizable MultiTrack Seminars.
3 Key decision and policy makers in
one place, at one time.
4 Diverse, dynamic and global exhibits
show-casing exceptional services,
products & innovations.
5 Launch a new product or service
to an attentive & knowledgeable
audience.
6 Initiate, pursue and accomplish a

7
8

9

10

year’s worth of business in just two
and a half days – saving time, and
money!
An event put on by the shipping
industry for the shipping industry.
Located in the midst of Shipping’s
Mind and Management for North
America. Where decisions are made
and business gets done!
Creative sponsorship opportunities
available to fit your specific objectives.
If you have not been to one yet,
come see for yourself why everyone
raves about the CMA.

We are committed to bringing extraordinary value to you and your
business and look forward to seeing you in Connecticut in March.
The Board of Governors of The Connecticut Maritime Association

Come and visit us at the Hydrex booth, No. 71.

For more information, visit
http://www.shipping2012.com/index.html
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27 - 29 March, 2012

Green Ship Technology 9th Annual Conference
White Paper 8

Crowne Plaza Copenhagen Towers - Copenhagen, Denmark
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http://www.informaglobalevents.com/event/greenshiptechnology

The Australian
Government Department
of Agriculture, Fisheries
and Forestry

For more information, visit

Managing Hull-Borne
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Hydrex has been invited to participate at a debate:
“Paints and coatings panel debate:
is there a standard for describing paints/coatings performance?”

Hull Fouling and
Copper Tolerance

• The latest,most up-to-date,information
on the maritime industry’s initiatives
for greener, more sustainable shipping
• Shipowner/operators’ carbon management strategies and operational initiatives to save costs
• Verification of EEDI: understanding
the issues for fair and acceptable
verification of data
• Case studies of using alternative
power sources: shipowners/operators
explain why they chose particular
methods and results so far, including
LNG, wind and fuel cells
• A shipowner’s experience of implementing SEEMP in practice

Highlights
• Shipowner panels discussing how
to manage compliance with environmental regulations and how to benefit
from developing green technology
• 5 Breakfast Briefings
• Technology Incubator
• Hot topics include air emissions, fuel
markets, ballast water sampling, solutions for hull management, performance monitoring and innovation
opportunities
• Speedy Business Card Exchange participants enjoy this excellent way
to meet fellow attendees
• The 2012 Gala Dinner and GST 2012
GST Awards ceremony

Review of biosecurity
and contaminant
risks associated with
in-water cleaning

T

he 9th annual GST Conference:
meeting the green technology
challenges for sustainable shipping
Agenda
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u nd the world

www.hydrex.be
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Sensible, comprehensive,
simple but vital information on:
• saving fuel costs by optimizing ship
• state-of-the-art, environmentally-safe
fouling control

• reducing GHG emission from shipping
• containing invasive species
• reducing drydocking

Download PDF’s and/or request printed versions of Hydrex
White Papers and the quarterly Journal of Ship Hull
Performance, all at no cost to you.

www.shiphullperformance.org
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European Headquarters
Hydrex nv
Haven 29
2030 Antwerp
Belgium
Phone: +32 3 213 53 00 (24/7)
Fax: +32 3 213 53 21
E-mail: hydrex@hydrex.be

www.hydrex.be
US Office

Hydrex LLC
604 Druid Rd E
Clearwater, FL 33756
USA
Phone: +1 727 443 3900 (24/7)
Fax: +1 727 443 3990
E-mail: info@hydrex.us

www.hydrex.us
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