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Background
MARITIME 21-2021 considered four draft guidance documents on biofouling management developed
within the COMPLETE PLUS project (document 3-1, document 3-2, document 3-3 and document 3-4).
MARITIME 21-2021 discussed and supported the four guidance documents in general, but noted the
following views (Outcome of MARITIME 21-2021, paragraphs 3.17-3.19):
-

-

-

the work of the COMPLETE PLUS project, including the four guidance documents, is highly
appreciated;
consideration should be given to whether the documents should be published as guidance
documents or other more general information documents;
if they are to be guidance documents, a higher level of detail may be needed;
draft Guidance for biofouling management in the leisure boating sector needs more
references to IMO activities and contains information on a very general level;
draft Guidance on biofouling management strategies needs more references to IMO activities
and is drafted in a way which gives the impression of a mandatory instrument;
draft Guidance on cleaning practices for commercial shipping contains duplication of
information, noting, however that the guidance documents have different focus groups and
should be possible to read individually, therefore necessitating some duplication of
information;
draft Guidance on information to be included in the Biofouling Management Plan and
Biofouling Record Book of commercial and non-commercial vessels should refer to related
ongoing IMO activities and also distinguish more clearly that ships below 24 metres are not
required to apply the same level of record keeping and documentation as larger ships; and
approval of the guidance documents by this Meeting is premature and should be considered
thoroughly by the expert level in JTG BALLAST & BIOFOULING.

MARITIME 21-2021 also invited Contracting Parties and observers to provide further comments and
input to the draft biofouling guidance documents to the Secretariat by 10 November 2021 and the
Secretariat to compile them for submission to JTG BALLAST & BIOFOULING 1-2021. Input was provided
by Finland, Germany and Sweden.
This document contains the four draft guidance where the input provided by Finland, Germany and
Sweden is included with track changes:
-

Annex 1 – General comments on the four guidance;
Annex 2 - draft Guidance for biofouling management in the leisure boating sector;
Annex 3 - draft Guidance on biofouling management strategies;
Annex 4 - draft Guidance on cleaning practices for commercial shipping; and
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-

Annex 5 - draft Guidance on information to be included in the Biofouling Management Plan
and Biofouling Record Book of commercial and non-commercial vessels.

Action required
The Meeting is invited to consider the four draft guidance documents in more detail, taking into
account the comments provided by MARITIME 21-2021 as well as the input provided by Finland,
Germany and Sweden in support of the work of the Task Group on related work on biofouling.
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Annex 1 General comments on the guidance
Finland
Concerning all the guidance documents, the text should be written in a non-mandatory style and
definitions should follow the definitions used both in the IMO's AFS Convention and Biofouling
guidelines, noting also amended definitions in the new draft biofouling guidelines.
In our view, some parts of the guidance documents (especially the draft Guidance on biofouling
management strategies) are written more like a study report, being not a guidance text style.

Germany
Germany would like to emphasise once more that we very much welcome the work of the COMPLETE
Plus project and are grateful that the work on developing the draft guidance documents was taken
forward.
However, we see that at this point in time any detailed comments seem to be premature.
First of all, the current state of the revision of the IMO Biofouling Guidelines needs to be taken into
account and any regional approach to the issue has to be within the framework set by IMO. Before
knowing the final results of the IMO process, no concrete policies or guidance documents for the
implementation of the IMO Biofouling Guidelines can be adopted. It is, however, very helpful to
identify and discuss aspects of particular importance for the Baltic Sea region and also inform the IMO
process accordingly. In this context, the JTG BALLAST & BIOFOULING should continue to consider what
findings from the Baltic Sea region can be submitted to IMO. This should then preferably be done via
submissions of the Member States/ Contracting Parties to PPR 9.
Secondly, before processing the documents any further, we suggest a comprehensive evaluation and
adaptation of the drafts with regard to 1) their general intention and status (information only or
concrete policy guidance) and 2) to the addressees for whom the guidance documents are drafted
(general audience, ship-owner, other stakeholder?). Depending on the intended addressees, for
example, the required level of detail may vary. Also, data is still missing, and some findings rely on
assumptions only. Here any policy decision would be premature.
Finally, more specifically, we would like to note that the use of type-approved ballast water
management systems for capture and treatment of biofouling waste from IWC is not an option, as the
type approval for this equipment does not provide a basis for such application. The relevant sections
of the documents would therefore need to be revised for any further use.
We look very much forward to the upcoming JTG BALLAST & BIOFOULING Meeting, where we will
need to discuss and decide on a way forward on how to proceed. We see that our ultimate objective
is to develop a common OSPAR/HELCOM biofouling management strategy for the implementation of
the IMO Biofouling Guidelines. The draft Guidance documents will provide valuable input to this
discussion.

Sweden
First, we want to reiterate there is a lot of valid and useful information in the documents but we
question if the content and format are suitable to be issued as guidance documents. The content in
the documents may be used as a base to develop guidance or strategy documents, or may be
published as information in any other format.
If the documents are to be issued as guidance, they need to be further elaborated with more detailed
information/guidance, adjusted to the targeted stakeholders. The language need to be looked at
depending on the status of the documents (mandatory non-mandatory, recommending...). In all
documents, we also see a need for more comprehensive introductions, e.g. to clarify the objectives
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and application, stakeholders addressed (ship owners, administrations/authorities, in water cleaning
companies…), status of the document and their relation to IMO guidelines.
Regarding the draft Guidance for biofouling management in the leisure boating sector, the document
focus on describing the best practices for biofouling management without specifying the safety
requirements of each strategy, but precautions due to the health and environmental risk need to be
taken into consideration when applying, maintaining or removing antifouling paint. If the document
is intended to serve as a guidance to help boat owners, we think that the content need to be more
elaborated and different techniques should be described in a more detailed way. It is also important
to address the health and environmental risk associated with the different techniques s and how to
prevent them.
We find the purpose of the draft Guidance on information to be included in the Biofouling
Management Plan and Biofouling Record Book of commercial and non-commercial vessels unclear.
For commercial shipping we do not see that the content include any information additional to the
IMO-guidelines. If it should address leisure boats only, the document need to be adjusted or redrafted
for that purpose.

Page 4 of 5

JTG BALLAST & BIOFOULING 1-2021, 7-1

Annex 2 Draft Guidance for biofouling management in the leisure
boating sector
1.
2.

Biofouling in the Baltic Sea

6

Biofouling management strategies

6

2.1

Cleaning practices for leisure vessels

7

2.2

Antifouling coating

9

2.3

In-water cleaning (IWC)

10

2.4

Lifting the boat from the water

10

2.5

Boat trailer cleaning

10

3.

Antifouling strategies record and NIS reporting

11

4.

Glossary

12

5.

References

13

Page 5 of 60

JTG BALLAST & BIOFOULING 1-2021, 7-1

1. Biofouling in the Baltic Sea
Biofouling is ‘the accumulation of aquatic organisms such as microorganisms, plants, and animals on
surfaces and structures immersed in or exposed to the aquatic environment’ (IMO 2011). Biofouling
is responsible for between 56-69 % of established coastal and estuarine non-indigenous species (NIS)
globally (Galil et al. 2019).
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At least 140 NIS have been recorded within the Baltic Sea region (HELCOM 2018). The rate of
introductions has historically been increasing over time, with shipping and heavy maritime activity in
the area a key pathway for the introduction and spread of NIS (HELCOM 2018; Ojaveer et al. 2017).
Importantly, the likelihood of identifying new introductions increases with increasing monitoring
effort.
NIS represent a major threat to global biodiversity (Bax et al. 2003), and biofouling in both commercial
shipping and leisure boating can contribute to the introduction and spread of NIS (Zabin et al. 2014,
Ruiz et al. 2011, Gail et al. 2014). Leisure boats can act to a large extent as vectors of secondary spread
of NIS between adjacent harbours, marinas and coastal regions. In addition, marinas play a similar role
as ports, acting as recipient areas for new species, and the source of further spread to other regions
via fouled leisure boats. Biofouling can also reduce a vessel’s efficiency and performance (Schultz
2007). Therefore, there is a clear need for regionally harmonized and holistic biofouling management
in the Baltic Sea.
This guidance summarises biofouling management recommendations for recreational boaters to help
to minimize the risk of transferring NIS in the Baltic Sea from biofouling on recreational vessels and
boat trailers. The recommendations can be used by marinas as well as boating associations to spread
information throughout the leisure boat sector.
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2. Biofouling management strategies
The strategies presented here apply as recommendations to prevent, disturb or eliminate the growth
of biofouling on leisure crafts and their trailers. According to the EU Directive 2013/53/EU, vessels
intended for sports and leisure purposes with a hull length up to 24 m, regardless of the means of
propulsion, are considered recreational crafts. Each strategy should first be evaluated by the
respective boat owner to find the most suitable strategy for one’s vessel or trailer.
The biofouling management strategies described in this guidance are a combination of inspection and
cleaning. Boat owners should regularly inspect the rate of biofouling growth and clean their vessels
and trailers when necessary (see Table 1).
The guidance concentrates on describing the best practices for biofouling management without
specifying the safety requirements of each strategy. However, due to the health and environmental
risk, it is recommended that precautions are taken into consideration when, for instance, applying,
maintaining or removing antifouling paints. Hence, it is recommended always follow the
manufacturer’s instruction as well as the information contained in the data safety sheets (IMO, 2012).
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Rank

Description

Visual estimate of fouling cover

0

No visible fouling. Hull entirely clean, no
biofilm on the previously submerged parts
of the hull.

Nil

1

Slime fouling only. Previously submerged
hull areas partially or entirely covered in
biofilm, but absence of any macrofouling.

Nil

2

Light fouling. Hull covered in biofilm and 1– 1–5 % of surfaces that have
2 very small patches of macrofouling (only been submerged
few taxa present).

3

Considerable fouling. Presence of biofilm,
6–15 % of surfaces that have
and macrofouling still patchy but clearly
been submerged
visible and composed of either one single or
several different taxa.

4

Extensive fouling. Presence of biofilm and
16–40 % of surfaces that have
abundant fouling assemblages consisting of been submerged
more than one taxon.

5

Very heavy fouling. Diverse assemblages
covering most of the hull surfaces.

41–100 % of surfaces that have
been submerged

Table 1. Fouling scale ranks based on the ranking system by Floerl et al. (2005).

2.1 Cleaning practices for leisure vessels
Vessels can be mechanically cleaned of biofouling. The cleaning is recommended to be performed on
all the submerged surfaces of the vessel such as the hull, niche areas and movable structures. The
intensity of biofouling growth on vessels can vary in the Baltic Sea depending on several different
physical, chemical and biological factors (Strand et al. 2018). Different cleaning practices can be
combined or used on different vessel surfaces since the success of each practice depends on the type
and rate of biofouling.
Mechanical cleaning equipment:
−
−
−
−
−
−
−

brush
scrape
sponge
boat turf carpet
pressure washer
hull cleaning machine
stationary boat washer
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Figure 1. High pressure wash is efficient for covering the rising of all niche areas. Photo: Keep the
Archipelago Tidy.
Whether the cleaning of the hull is applied on land or in water, the removed material, apart from
biofilm and slime should be treated as waste and not be allowed to enter the water. Ideally, the boat
is lifted from the water when cleaning, since it is easier to collect the removed material on land. On
land, it is important to avoid the cleaning waters running to the nearest waterway or ending up in
storm water drains since they may run directly into the nearest waterway. Some hull cleaning
machines and stationary boat washers provide an enclosed system where the removed material does
not reach the open water.
The slime layer on the vessel is recommended to be cleaned as often as possible to hinder the
attachment of heavier fouling organisms. A hull cleaning machine or hand-held tool should not be
used if the vessel was painted with antifouling paints containing biocides. This is especially important
if the hull was treated with self-polishing paints (so-called “soft” paints) that are designed to wear off
with water friction.
When the vessel’s operational profile has not changed during the boating season the biofouling
species are likely to be of domestic origin and the risk of new NIS to the area being found on the vessel
could be considered low. However, vessels travelling to further destinations e.g. abroad, might have
been exposed to species that are not present in the homeport area. Before a trip to a destination that
is not within a usual domestic operational profile, the boat should be inspected for biofouling and
cleaned to reduce the amount of biofouling and hinder the establishment of NIS. Therefore, it is highly
recommended to clean the hull before a longer voyage and before leaving the area visited (“clean
before you leave”). The boat should also be cleaned shortly after the trip and the removed material
prevented from entering the water. In addition, the in-water cleaning procedure should always be
done according to the regulations that are in force in the respective nation. Therefore, port
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administrations have to be consulted to check if IWC is permitted and what are the requirements to
be fulfilled to perform it.

Figure 2. Cleaning scrape for the removal of biofouling organisms such as barnacles. Photo: Keep the
Archipelago Tidy.

Figure 3. Drive-in boat wash for large recreational crafts such as sailing boats. Photo: Keep the
Archipelago Tidy.

2.2 Antifouling coating
Antifouling coatings can be divided into biocidal and biocide-free coatings. The biocidal coatings act
chemically on the organisms i.e. releasing chemicals, such as copper, that harm organisms. BiocidePage 9 of 60
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free coatings act as physical barriers creating a surface that fouling organisms have difficulties
attaching to. For leisure boats mainly located in the Baltic Sea, a biocide-free AFS or an AFS appropriate
for the regional fouling pressure in combination with good maintenance are the best ways for
preventing biofouling accumulation (Lindgren et al. 2018; Lagerström et al. 2020).

2.3 In-water cleaning (IWC)
IWC of leisure boats should be performed with brushes gently and be accompanied by the capture of
fouling by e.g. underwater floating foils. A crucial aspect is the type of coating on which cleaning may
be conducted. The best practice is cleaning on abrasion-resistant, non-biocidal hard coatings, which
releases no biocides during the cleaning and where the abrasion of paint flakes is minimal (Watermann
and Eklund, 2019). Studies have shown that in tests carried out on paints with soft and hard matrix, a
smaller volume of particles was seen to be removed from paint with a hard matrix (Stragnefeldt,
2018). The size of particles removed varied for different paint types with smaller fragments released
from the hard paint type, which also gave the smaller size of aggregates that were formed after water
movement.
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The frequency of IWC needed on leisure boats is dependent on the fouling pressure, and with the aim
to keep the biofouling level as low as possible such as biofilm or slime.
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An interactive map of good practices hull cleaning services and applied technologies
(https://maps.helcom.fi/website/mapservice/index.html) has been produced, covering the entire
BSR. It combines technical and visual solutions conveniently and understandably for easy processing
of the placed information - location of in-water cleaning services for commercial shipping and leisure
boats as well as the contact information of organizations and the available technology and methods
of filtration and collection. It focuses primarily on hull cleaning service providers and these services’
seekers.

2.4 Lifting the boat from the water
Lifting the boat from the water protects the hull of biofouling and facilitates the cleaning and capture
of biofouling waste. This can be done by using e.g. boatlifts. The longer the boat is out of the water,
the more efficient impact on biofouling, since drying damages most of the aquatic organisms.

2.5 Boat trailer cleaning
Boat trailers also have the potential to spread NIS and can represent a significant vector for NIS
introductions especially since their surface is rarely treated with any antifouling system (Rothlisberger
et al. 2010). After a trailer has been in contact with the aquatic environment, it should be inspected
thoroughly for biofouling or other organisms present. Surfaces on trailers that should be inspected
include the frame, axle, tires, lights, licence plates, wires, cavities and niches. As some parts of the
surface might be difficult to inspect visually, it is recommended to feel them out carefully by hand.
The trailer should be cleaned of all biofouling before transporting it to another location. This can be
done by using similar mechanical cleaning equipment as for boats, e.g. brush, scrape, sponge or
pressure washer. It is recommended to give the trailer a rinse with a pressure washer, even if the
fouling rate is low, as several NIS will not be visible to the naked eye. It is also recommended to let the
trailer dry before transporting it to a new waterway. There is a risk with trailers because they can be
transported overland large distances within and perhaps outside of the Baltic Sea area.
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3. Antifouling strategies record and NIS reporting
Whether you use mechanical cleaning, anti-fouling coating or other practices to keep the vessel
clean, it is recommended to keep record of the management type, schedule and plans. Destinations
and voyages are also recommended to be recorded in the logbook in case of a severe NIS outbreak.
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Recommended records include:
1. Type of antifouling used (paint, ultrasonic device etc.)
• Paint: brand, type, biocide concentration, date of application
2. Hull cleaning (how often, methods used)
3. Voyage destination and route (including marinas visited in country/area)
4. Mooring duration at specific marinas (hours)
Contact local environmental authorities if you confront an unknown NIS. Note its location and if
possible, remove the organism for conservation and/or photograph it.

4. Glossary
Anti-fouling coating

A paint or coating that inhibits, blocks or
eliminates the attachment of unwanted
biofouling organisms.

Anti-fouling system (AFS)

A coating, paint, surface treatment, surface or
device that is used on a vessel to control or
prevent attachment of unwanted organisms 1

Biocide

Biocidal products are used to control unwanted
organisms that are harmful to human or animal
health or the environment, or that cause damage
to human activities. These harmful organisms
include pests and microorganisms 2

Biofouling

Accumulation of organisms on surfaces or into
structures that are submerged or exposed to the
aquatic environment.

In-water cleaning

The physical removal of biofouling from a vessel
while in the water.

Movable structure

Parts of the vessel that are separate from the
boat hull, e.g. fender, ladder, mooring line,
bucket, anchors and outboard motors.

Niche areas on vessels

Surfaces or structures that might differ in the hull
material, e.g. rudder, water intake, bow thrusters,
anodes, knot meter, small cracks and crevices.

NIS

Non-indigenous species. Species that have spread
or been transferred as a result of human

1
2

Definition by the International Maritime Organization (IMO).
Definition by the European Commission.
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activities, reaching environments in which they
previously did not naturally occur 3 3.
Removed (biofouling) material

The biofouling organisms that have been
detached from the vessel.

Vessel

Recreational craft operating in the Baltic sea with
a maximum length of 24 m
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1.

Introduction: biofouling in the Baltic Sea

Biofouling is ‘the accumulation of aquatic organisms such as microorganisms, plants, and animals on
surfaces and structures immersed in or exposed to the aquatic environment’ (IMO 2011). Biofouling is
responsible for between 56-69 % of established coastal and estuarine non-indigenous species (NIS) globally
(Galil et al. 2019).
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At least 140 NIS have been recorded within the Baltic Sea region (HELCOM 2018). The rate of introductions
has historically been increasing over time, with shipping and heavy maritime activity in the area a key
pathway for the introduction and spread of NIS (HELCOM 2018; Ojaveer et al. 2017). Importantly, the
likelihood of identifying new introductions increases with increasing monitoring effort.
NIS represent a major threat to global biodiversity (Bax et al. 2003), and biofouling in both commercial
shipping and leisure boating can contribute to the introduction and spread of NIS (Zabin et al. 2014; Ruiz
et al. 2011; Gail et al. 2014). Biofouling can also reduce a vessel’s efficiency and performance (Schultz 2007).
Therefore, there is a clear need for regionally harmonized and holistic biofouling management in the Baltic
Sea.
This guidance summarises the current practices on biofouling management in commercial shipping in the
Baltic Sea and analyses the different available management options providing ship-owners with a practical
tool to choose the most appropriate antifouling management strategy on a case by case basis.

2.
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Managing biofouling

2.1. Factors to consider
When choosing an effective, environmentally sustainable, and appropriate antifouling system (AFS) for
ships operating in the Baltic Sea, the type of ship, its activity level and operational profile, as well as the
physical, chemical and biological conditions of the Baltic Sea and the possibilities for in-water cleaning
should be considered.

2.1.1.

The ship's operational proﬁle

The ship's operational proﬁle affects the nascent biofouling level and selected management procedures,
consequently. The operational proﬁle describes the characteristics of the ship's normal operation and can
be described both in the short and long term, being determined by various factors as described by (Luoma
et al. 2021a):
−

Cruising speed proﬁle on the route;

−

Loading conditions and trim;

−

Geographical sea areas;

−

Time spent in the sea, ports and anchorage areas;

−

Engine loading conditions over the voyage;

−

Dry-docking interval (long-term factor); and

−

Other factors describing the operation of the ship.
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Especially long idle periods in ports or anchorage areas increase the biofouling potential (Floerl and Coutts
2009; Sylvester et al. 2011; Davidson et al. 2020). Correspondingly, the longer the organisms are attached
to the hull, the higher is the risk of reproduction (Minchin & Gollasch 2003), while the species-speciﬁc
variation in propagule age and ﬁtness affect the reproductive output (Schimanski et al. 2016, 2017). Often
ship's speedvelocity above 4–5 knots restricts the settlement of biofouling species (Lindholdt et al. 2015),
while dislodgement is species-speciﬁc (Coutts et al. 2010a, 2010b; Davidson et al. 2020; Murray et al. 2012).
In addition, the biofouling level increases positively with the time since the last dry-dock, when new coating
is applied (Sylvester et al. 2011).

2.1.2.
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Environmental conditions

The Baltic Sea is characterized by decreasing salinity from west to east and north. Along with this salinity
gradient, the fouling pressure decreases (Wrange et al., 2020). Hard-shelled calcareous macrofouling can
develop in the western and southern Baltic Sea, whereas in the central, northern, and eastern parts, fouling
is merely composed of soft fouling more typical for freshwater, with lower presence or missing of hard
fouling organisms (Lagerström et al. 2020).

2.1.3.

Release of substances

There is the risk of significant unnecessary input of biocides and other hazardous substances to the marine
environment if AFS containing higher concentrations of active substances than needed for an effective
biofouling management are used.

2.2.

Available management options

Nowadays, ships' AFS management include two main methods: coating and in-water cleaning (IWC) (Luoma
et al. 2021a).

2.2.1.

Coating
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Commercially available solutions of hull coating are based on one of these four coating technologies
(adapted from Blanco-Davis et al. 2014; Lindholdt et al. 2015):
−

Chemical, biocidal AF technology, i.e. soluble control depletion polymers (CDP) or selfpolishing copolymers (SPC);

−

Non-biocidal self-polishing copolymers (nSPC);

−

Hard, non-biocidal insoluble coatings (HC); and

−

Mechanical, non-biocidal fouling release (FR) technologies.

CDP and SPC paints contain a biocide, usually copper, in addition to some booster biocide, while hard paints
include high molecular weight polymers, such as epoxy (Yebra et al. 2004). SPC paints are the main biocide
AF paints on the market and they provide protection at lower velocities (Finnie 2006; Lindholdt et al. 2015).
The problem of copper and booster biocides is that they are toxic to both the targeted and non-targeted
species (Martins et al. 2017; Ytreberg et al. 2017) and thus cause an ecotoxicological risk to the marine
ecosystem. The copper release rate from the paint layer increases with increasing salinity and temperature
(and decreasing pH), while bioﬁlm is suggested to decrease it (Valkirs et al. 2003). The toxicity of copper is
dependent on the concentration of the labile, inorganic copper (Cu2+, Brooks & Waldock 2009; Luoma &
Rainbow 2008). In general, high salinity and the amount of organic and inorganic ligands decrease toxicity
due to formed complexes and the following sedimentation, while low salinity increases toxicity, as copper
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retains its labile form. Thus, the copper release rates from paints should be adjusted area- speciﬁcally in
the salinity gradient of the Baltic Sea (Lagerström et al. 2018) since a low copper content of coating is
efﬁcient enough at low salinity rates (Bighiu et al. 2017).
In addition, hard coatings (HC) are highly resistant to mechanical wear thus being suitable for operation on
icy conditions. FR coatings are based on a material that reduces adhesion strength, hence being efﬁcient
only on ships having short port visits as they are inefﬁcient during idle times (Ciriminna et al. 2015). These
findings in relation to idle efficiency are in contradiction with recent studies on fouling plates conducted
near the Port of Gothenburg (Sweden, salinity 20-35) where a FR coating was more efficient than a
conventional copper antifouling coating (Oliveira and Granhag 2020). On the other hand, FR coatings are
expensive to apply and remove and can only be used in ice-free water areas due to the vulnerability of the
coating to physical damage (Luoma et al. 2021a). The efficiency of the coating varies, being more longlasting for the FR coatings (Lindholdt et al. 2015).

2.2.2.

In-water cleaning

IWC, the second management method addressing biofouling, consists of removing the biofouling material
from the hull by divers or robots (IMO 2011). IWC processes can be divided into proactive and reactive
treatmentscleaning.
The former aims to prevent biofouling level from exceeding soft, slime layer fouling, while the latter refers
to a treatment, where macrofouling is present (Scianni & Georgiades 2019). To reduce the risk of NIS
introduction, IWC operations should be conducted with capture where cleaning material is collected,
filtered and treated properly (Morrisey et al. 2013; Tamburri et al. 2020).
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Forces applied to remove the biofouling material should be adjusted according to biofouling level and
coating (Oliveira & Granhag 2016). For soft microfouling, consisting of algae, bacteria, as well as spores and
sporelings, the required force is two to three orders of magnitude lower than for hard, macrofouling
organisms, such as barnacles. Similarly, stronger forces are required to remove attached biofouling
material from biocidal AF coating compared with FR coated surfaces (Oliveira & Granhag 2016).
The reactive cleaning treatment shortens the coating service life-time (Earley et al. 2014). However,
depending on biofouling level, soft methods (such as grooming 4) can be used to clean the hull to reduce
bioﬁlm formation (Tribou & Swain 2010; Hunsucker et al. 2018), without damaging the paint (Hearin et al.
2015; Tribou & Swain 2017). Similarly, favourable outcomes for both biocidal AF and FR coatings have been
achieved with water jets applied at appropriate time intervals and forces (Oliveira & Granhag, 2020). On
the contrary, frequent cleaning intervals during low fuel prices can lead the management costs outweighing
fuel cost savings; however, emission savings will still occur (Pagoropoulos et al. 2017). Due to the inherent
ecotoxicological risks involved in biocidal AF coatings and the lack of clariﬁcation regarding the best
available technology (Scianni & Georgiades, 2019), IWC of such coatings is to be avoided.

2.3. Choosing a ship- and operation-specific antifouling system
A novel decision support tool (DST) has been developed to identify the optimal biofouling management
case-specifically in the Baltic Sea. The DST is an influence diagram model, more specific a Bayesian network
model and can be opened with a Bayesian network software that supports utility and decision nodes (see
softwares available: https://www.cs.ubc.ca/~murphyk/Software/bnsoft.html). The free for use tool is

4
Grooming to be understood as a frequent and gentle wiping of the hull, which works in synergy with ship hull
coatings to prevent the growth of biofouling organisms (Hunsucker et al. 2019).
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developed using the software Hugin (https://www.hugin.com/) and there is a manual available offering
instructions for conducting the analyses with that software (see Appendix D and E in Luoma et al. 2021b).
The tool compares the biofouling management strategies in relation to NIS introduction risk, ecotoxicological risk due to biocidal coating, carbon dioxide emissions resulting from fuel consumption of the
ship, costs related to fuel consumption and biofouling management, IWC and coating. The tool (see Figure
1) consists of 11 decision variables (rectangles), 9 utility variables (diamonds), 14 random variables (ovals)
and their conditional dependencies (arrows) (see Appendix C in Luoma et al. 2021b, in addition to Table 1
below, for a detailed description of all the variables).

Figure 1. The DST with decision nodes (red rectangles = ship related; green rectangles = operational profile related; orange
rectangles = coating related; blue rectangles = in-water cleaning related), random nodes (white ovals), utility nodes (yellow
diamonds = costs; green diamonds = environmental impacts) and conditional dependencies (arrows) between the nodes.

The decision variables enable the case-specific biofouling management analysis (see Table 1). The end-user
can select one option for each decision variable and hence test the effects of different combinations of
management actions. The random variables represent the most relevant elements of the system through
which the jointly made decisions impact on the utility variables. Each random variable has several possible
states, the probabilities of which depend on the states of the preceding random and decision variables.
The utility variables play a key role when the aim is to compare different decisions, as they present the
consequences to be considered in the decision making process of the biofouling management strategy.
The utility variables present the actual gains and losses of each scenario. Although the units of the utility
variables are not commensurable, utilities and losses in different scenarios can be compared. All the
utilities, except the NIS introduction risk and sediment ecotoxicological risk, are calculated annually. The
NIS introduction risk presents the risk of each arrival to the port and thus depends on the annual arrivals.
The sediment ecotoxicological risk depends on the current sediment copper concentration, copper
released to the sediment from the coating and the coating type used: biocidal coating with IWC increases
the risk, while non-biocidal hard coating or fouling release coating does not.
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Decision variable and possible states

Random variables and possible states

Variable

State

Variable

Ship type

Bulker

Biofouling
pressure To be used for the fuel Fuel costs
NSTM 5 average
consumption calculations. From
0 to 100

Container

State

Utility variables and possible states
Variable

State
On an annual basis (€/year)
Hourly (€/h) basis

General cargo
Passenger
RoRo
Tanker
Theoretical fuel Interval
states Biofouling pressure NSTM To be used for the NIS CO2 emissions
consumption
ranging from 1000 maximum
introduction risk calculations
to 5000 kg/h
representing the worst-case
scenario of the biofouling level
at a certain time. From 0 to 100

On an annual basis (kg/year)

Fuel type

Assuming that 40 % of the total WSA is
cleaned, that the cost is 3€/m2 and that
the IWC costs with devices collecting the
material are 50 % higher than without
them

Light oil
Heavy fuel oil

Wetted
(WSA)

surface

area Area of the hull being fouled IWC costs €/year
during shipping

WSA without niche areas
Niche areas

5

On hourly (kg/h) basis

NSTM stands for the Naval Ships' Technical Manual by US Navy which rates biofouling level by visual inspection from 0 to 100 (US Navy, 2006).
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Annual shipping Intervals
range Fuel consumption real Fuel consumption measurement Coating
hours
from 1000 to 8760 kg/h
€/year
h/year

costs Self-polishing biocidal coating = 20 €/m2
Hard coating = 30 €/m2
Fouling release coating = 50 €/m2

Routes

Time
coating

10 different routes Air emissions (CO2) kg/h
to, from and inside
the Baltic Sea
since From 0 to 4 years

Coating type

Fouling type

NIS introduction Calculated risk value for the conditional
risk/arrival
risk of potential NIS introduction per
arrival to the port

Soft (0-30 NSTM)

Ecotoxicological
risk kg/year

Hard (40-100 NSTM)

Non-biocidal hard NIS value
coating
Biocidal selfpolishing coating
Fouling
coating

IWC
times/growing
season

Air emission measurement

release

The actual number of non- Sediment
ecoindigenous species (NIS) able to toxicological risk
be transported from the source
port to the destination port. See
Appendix B of Luoma et al.
2021b

0 = not performed Potential risk in niche Potential
risk
at all
areas
introductions
2 = performed Potential risk in WSA
twice a year
(without niche areas)
6 = performed
once a month
during the growing
season
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12 = performed
twice a month
during the growing
season
IWC method (in Soft brushes
the past)
Hard brushes

Copper
µg/cm2/day

Off hire costs

Eco-toxicological pressure With soft methods, the higher
kg/year
peak (seven days) is 12 μg/ cm2/
day

None
1 6 day
2 days

emissions Expert estimation to be on
average 7 μg/ cm2/ day from a
ship’s hull treated with biocidal
coating in the Baltic Sea

With hard methods the higher
peak is (seven days) 25 μg/ cm2/
day

IWC
and IWC with collection Sediment
collection of the
concentration
IWC
without
material
collection

copper Low (< 52 mg/kg)
High (>52 mg/kg)

No IWC
Table 1 Summary of the different type of variables and selection options considered by the tool, based on Luoma et al. 2021b.

6

Assuming an off hire cost of 20 000 €/day.
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2.4. Niche areas
Niche areas are more susceptible to biofouling compared to ﬂat hull, due to different (higher or lower) ﬂow
conditions around or in those structures. Niche areas can be susceptible to increased wear of antifouling
system and in some cases be inadequately painted or even lack paint. Thus, species abundance and number
in niche areas can be manifold compared with the hull (Davidson et al., 2016). Thus, an average factor of 2,6
times higher fouling level was found in niche areas compared to the flat hull (Luoma et al 2021b). The share
of niche areas varies between ship types (Moser et al., 2017) with the largest proportion of niche areas being
on passenger ships 27% followed by tugs (25%), fishing vessels (21%) and bulker/tankers (7-8%). Based on the
global fleet approximately 10% of the Wetted Surface Area was estimated to be niche area. Common niche
areas are:
−

Sea chests and gratings

−

Seawater inlet pipes and internal systems

−

Cathodic protection anodes

−

Sonar domes, transducers and velocity probes

−

Dry docking support areas/strips

−

Propellers, shafts and struts

−

Thrusters and thruster tunnels

−

Retractable propulsion units

−

Bilge keels and stabilizer fins

−

Rudder, including hinges and stocks - Internal ships’ spaces (e.g. chain lockers, bilges, bait wells).

Several different methods and systems can be used to prevent biofouling in niche areas. There are systems
based on release of chemical substances such as copper or chlorine and systems based on physical treatment
using heat, osmosis and ultrasounds (Grandison et al 2011; Growcott et al 2017).
Although Marine Growth Prevention Systems (MGPS) are installed on many ships worldwide, studies found
sea chests and internal pipework to be “hotspots” for biofouling accumulation (Lewis 2016).
One common method to treat fouling in niche areas today is Impressed Current AntiFouling (ICAF) where
copper ions through electrolysis are released into sea chests and pipework. The larvae of fouling organisms
are sensitive to copper, therefore growth inside sea chests and pipes can be protected. However, this method
also results in a load of copper ions to the environment.
For accessible niche areas cleaning can be used and for inaccessible surfaces like pipework, thermal systems
has shown to be effective at relatively short exposure periods. In comparison to chemical treatments, thermal
treatment produces less by-products which are also less influenced by environmental variables like
temperature and water chemistry (Growcott et al 2017).
From a ship operator perspective, the need of cleaning in niche areas varies with its function. Cooling systems
(sea chests and box coolers) are important to clean for safety of the ship (engine cooling) as well as also the
rudder and propeller while other niche areas might not have any critical function for operation. In addition,
niche areas are variable in shape and size and require tailormade cleaning as well as capture and filtering.
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2.5. Current biofouling management in the Baltic Sea
The amount of antifouling paints applied on ships navigating the Baltic Sea is roughly estimated as 7500 tonnes
per year (Baltic Lines, 2016). Taking a leaching rate of 5 µg/cm2 /day and 42000 ships navigating in the Baltic
Sea per year as a basis, the input of paint compounds would amount to 44.4 tonnes of biocides and poly- and
monomeric compounds (Watermann & Eklund, 2019). In addition, the mean portion of solid antifouling paint
particles is estimated as 55% (OECD, 2009). That means that of the 7500 tonnes of antifouling paints on ships
sailing the Baltic Sea per year, 4125 tons of microplastics per year would be released as paint particles.
According to the interviews conducted by Luoma et al., 2021a, Tthe main coating types used in the Baltic Sea
are fouling release, self-polishing and hard, non-biocidal coating (see Figure 2) (Luoma et al., 2021a). The hull
coating is not managed sectionally with different coating types but one coating type is used for the whole hull.
Non-biocidal hard coatings in combination with IWC are used especially in cruise ships, RORO and ROPAX
vesselsships.
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Figure 2 Representation of the main coating types used in the Baltic Sea. Source: Luoma et al. 2021a.

In the Baltic Sea, ferries operating year-round in the Baltic Proper use anticorrosive coatings without
antifouling effects paints (biocide-free hard coatings), because conventional coatings are too soft to withstand
the abrasion caused by drifting ice in winter time. Ferries with pure anticorrosive paints have toshould be
cleaned in-water by divers during the fouling season from April to October weekly or bi-weekly to maintain a
clean hull (COMPLETE, 2021).
Results from a questionnaire with 483 participants representing leisure boat owners and 68 participants
representing commercial shipping companies operating in the Baltic Sea indicate that 10 % of the boat and 72
% of the ship owners perform IWC. Respondents from the leisure boat sector stated that the removed material
is collected and disposed of in waste containers (33%), in water (19 %), other facilities (21 %), or were not
aware of its final destination (27 %) (COMPLETE, 2021).
For leisure boats, currently, copper (Cu) is the most widely used active substance in antifouling paints, and
application of an inappropriate AFS (too low or too high content and release of Cu) may result in unnecessary
accumulation of biofouling or unnecessary release of biocides into the marine environment. Taking into
account the salinity conditions in the Baltic Sea and their relationship with fouling pressure, some Baltic Sea
countries (Denmark, Finland and Sweden) have adopted legislative restrictions, which only allow the use of
AFS with high biocide content in the western Baltic. AFS with low biocide load should be used in the central
and eastern parts and only biocide-free products in the freshwater areas (Kymenvaara et al. 2017).
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3.

General recommendations for ships operating in the Baltic Sea

As a basic requirement, all commercial vessels ships entering and leaving the Baltic Sea, and those operating in the
Baltic Sea, should select an AFS compliant with the IMO AFS Convention, 2001, meaning that the active AFS must
not contain organotin compounds, and, from October 2026 on, neither cybutryne.
It is recommended that vessels ships operating exclusively in the Baltic Sea use AFS with moderate biocide content
(max. 20 % of copper) and moderate leaching rate (≤ 10 µg/cm2 /day). Vessels Ships with activity level and average
speed of > 10 knots may also use biocide-free hard coatings in combination with IWC, or FR coatings.
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If operating year-round, even in drifting ice conditions, HC in combination with cleaning are appropriate to use. FR
coatings can be used only in ice-free areas as the ice may break the coating, toxic copper is released from biocidal
self-polishing coating and hard, non-biocidal coating needs regular IWC (Luoma et al., 2021a).
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A further option for ships trading constantly between the Baltic Proper and adjacent freshwater areas like Lake
Saimaa may be to use SPCs which are available for a range of operational profiles.

Commented [MR41]: Fi suggestion

In addition, if the copper concentration in the area is high (see ICES data portal), it is important to use non-biocidal
coatings and especially avoid IWC on biocidal coatings. Furthermore, the copper content of biocidal coatings should
always be adjusted with the environment and be only as high as needed. Based on recent studies, the release rate
of copper with current biocidal coatings often exceeds the effective dose in brackish waters (Lagerström et al.
2020).
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For a summary of the applicability of AFS based on the operational profile of the ship and an overview of biocidefree coatings available in the Baltic Sea, see Tables 2 and 3.
Area 7

High
Western and
southern Baltic
Sea

Moderate

Low

High
Kattegat to
Central Baltic Sea
Moderate

7

Coating recommendation

Ship activity
level
−

Biocide free SPC for high activity level

−

Non toxic HC in combination with cleaning

−

FR coating except operation in wintertime

−

Biocide free SPC for moderate activity level

−

Non toxic HC in combination with cleaning

−

Biocide free SPC for low activity level

−

FR coating in combination with cleaning (not
for operation in wintertime)

−

Biocide free SPC for high activity level

−

Non-toxic HC in combination with cleaning

−

FR coating except operation in wintertime

−

Biocide free SPC for moderate activity level

−

Non-toxic HC in combination with cleaning

Cleaning strategy
Proactive grooming
in the biofilm stage

Regular cleaning on
FR coating

Proactive grooming
in the biofilm stage

For clarification on the geographical scope please consult HELCOM Map and Data Service, “suitable antifouling systems”
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Low

Eastern
and
Northern part of
the Baltic Sea

−

FR coating in combination with cleaning (not
for operation in wintertime)

−

Biocide free SPC for low activity level

−

Non-toxic HC in combination with cleaning

−

FR coating in combination with cleaning (not
for operation in wintertime)

−
High,
moderate and
−
low

Grooming, weekly
grooming in the
fouling season

Non-toxic HC in combination with cleaning
FR coating except operation in wintertime

Table 2 AFS according to operational profile (COMPLETE 2021).

Coating

Techniques

Application

Benefits

Risks

Costs

Availability

HC in
combination
with IWC

Epoxy
silicone
hybrids,
abrasion
resistant
with foul
release
properties

Hull and cleanable
niches

Long service
life, durable,
negligible
input of
paint flakes

Must be
cleaned
proactively in
biofilm stage

Comparable
to current
AF paints

Several
products
on the
market

FR coatings,
cleanable

Silicone
based
rubber like
polymers

Hull and cleanable
niches

Long service
life, durable,
negligible
input of
paint flakes

Must be
protected
from
mechanical
impact, not
suitable for
ice conditions

Double
price
compared
to current
AF paints

Several
products
on the
market

Biocide free
SPC

Hydrolyzing
polymer
backbone
and
additives

Hull exposed to
water flow, not for
niches

Smooth hull
without
release of
biocides

Efficacy
strongly
depends on
activity level
and service
speed.
Continuous
input of
polymer
backbone

Comparable
to current
AF paints

Several
products
on the
market
tailored for
different
vessel
types.

Table 3 Overview of biocide-free coatings for ships in the Baltic Sea (COMPLETE 2021).

Due to their mutual dependency, the use of coatings and IWC should be planned together and thought of as one
biofouling management strategy.
In order to perform IWC in a sustainable manner, use of non-abrasive cleaning techniques, as well as capture and
filtration of removed fouling in combination with waste disposal on land is crucial.
If biocidal AF are to be subject to IWC the following issues are to be considered:
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−

to conduct pre- and post-cleaning inspections;

−

to test the cleaning tools with respect to efficacy, collection and measurement of undissolved paint particles
and dissolved/undissolved paint biocides in a reference area of the hull, so that damage of the AFS is avoided;

−

to clean the more extensively developed fouling in dry dock;

−

to capture the removed fouling organisms and treat them by filtration (use of 10 µm mesh sizes is
recommended) (BIMCO/ICS 2021).
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The niche areas are often hard or even impossible to clean, thus it may be reasonable to use biocidal coating to
keep them free from biofouling. However, when combined with the carefully planned proactive hull fouling
strategy, the overall amount of toxic load is considerably lower in comparison with the situation, where the whole
wetted surface area is treated with a biocidal coating (Luoma et al., 2021a).
For a summary of best practice IWC techniques available through cleaning companies in the Baltic Sea, see Tables
4 and 5.
Method

Techniques

Applicatio
n

Benefit

Risk

Diver
operated
cleaning
service

Rotating brushes,
high pressure-jetting,
blades – with
external capture and
filtration

Hull and
niches if
accessible

Effective, control
of cleaning effort,
access to most
niches, optical
control

Application only in
ports or sheltered
waters without
waves, currents and
turbidity

High

Baltic Sea ports
depending on
permits

ROVs 8

Rotating brushes,
high pressure-jetting,
with internal capture
by filtration bags

Hull

Effective, control
of cleaning effort,
optical control

Application only in
ports or sheltered
waters without
waves and currents.
Control of bag
capacity limit
needed

Low

Baltic Sea ports
depending on
permits

Rotating brushes and
hydro-jetting

Hull

Exclusively
applicable on
biofilms, no capture
of organisms nor
paint particles

High

Ship based
ROVs

Effective, control
of cleaning effort,
optical control

Costs

Availability

Commented [FL56]: SE: Can this part of the table be better
clarified? How is wave height and currents related when the hull is in
water and the operation performed by ROV? Can the affectivity of
the cleaning then be affected for example in the water line of the
ship?

Everywhere
when laying idle
in calm waters
depending on
permits

Table 4 Overview of IWC methods for ships in the Baltic Sea (Source: https://balticcomplete.com/maps and BSH
Biofouling Management Database).

Method

Techniques

Application

Benefit

Risk

Costs

Availability

Capture and
filtrations
system
connected with
cleaning device

Vacuum
application for
capture and use
of sieves with
different mesh

Hull,
propeller
and niches

One system with
perfect connection,
effective capture
and filtration

Must be reliable in
all types of waters,
including harbour
water with high
content of
suspended matter

Relatively
high

Few
companies
operating
in the Baltic
Sea

8

ROVs = Remotely operated vehicles.

Page 27 of 60

Commented [KV55]: SE: The text in the column does not
describe the potential risk, it gives recommendations for use.
Propose to rename this column as “conditions for use” or something
similar. I associate the word risk with e.g. environmental risk or
something similar.

Commented [KV57]: SE: I don’t really understand why capture
and filtration is not recommended at all cases since biofilm also
includes potential NIS. In case the conclusion remains, I suggest to
justify it in more detail.
Commented [KV58]: SE: Editorial comment: Table titles are
usually above the table. Figure titles are usually below the figure.
Sources could e.g. be included as foot notes.

Commented [KV59]: SE: I would avoid words like “perfect” and
“effective” when evaluating techniques an rather elaborate in the
text what would be indicative of a sufficient level of capture and
filtration and report the levels achieved with different techniques in
the table.

JTG BALLAST & BIOFOULING 1-2021, 7-1
sizes, filtrate
disposed on land
Capture,
filtration and
collection in
separate units
(barges,
tankers) for
treatment of
effluents

Use of sieves
with different
mesh sizes,
filtrate disposed
on land

Hull and
propeller

Effective capture
and filtration, high
capacity

Barger or tanker
has to be towed
alongside, special
areas in ports have
to be available

Relatively
high

Only one
company
operating
in the Baltic
Sea

After separate
collection,
filtration and
treatment in
BWMS 9

Filtration and UV
treatment,
filtrate disposed
on land

Hull,
propeller
and niches
depending
on the
cleaning
tool

Type approved
BWMS

Few risks due to
approved
techniques

Costs in
addition
to
cleaning
10€/m3

Few
companies
operate in
the Baltic
Sea

After separate
collection
treatment in
dockyard
facilities on land

Filtration with
sieves and UV
treatment

Hull,
propeller
and niches
depending
on the
cleaning
tool

Approved
techniques for
dockyard waste
water treatment

Connectivity with
cleaning tools, risk
low when pumped
out of barges or
tankers

50200€/m3

Several
dockyards
along the
Baltic Sea
coast
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Table 5 Capture and treatment of biofouling waste from IWC in the Baltic Sea (Source:
https://balticcomplete.com/maps and BSH Biofouling Management Database).

As a concluding remark it can be stated that the optimal biofouling management strategy would consist of a
biocide-free coating with regular in-water cleaning and with devices collecting the material. However, the best
biocide-free coating type and the optimal in-water cleaning interval varies and depends e.g. on the operational
profile of the ship.

4. Glossary of terms and abbreviations
AF

Antifouling

AFS

Antifouling system

CDP

Chemical, biocidal soluble control depletion polymers coating

FR

Mechanical, non-biocidal fouling release coating

HC

Hard, non-biocidal, insoluble coating

NIS

Non-indigenous species includes species outside of their natural range, where their presence is
the result of human activity (intention or unintentional)

SPC

Chemical, biocidal, self-polishing copolymers coating

9

BWMS = Ballast Water Management System
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nSPC

Non-biocidal self-polishing copolymers coating
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1. Introduction – Sustainably managing biofouling in the Baltic Sea
Biofouling is ‘the accumulation of aquatic organisms such as microorganisms, plants, and animals on surfaces
and structures immersed in or exposed to the aquatic environment’ (IMO 2011). Transport of organisms
through biofouling is responsible for between 56-69 % of established coastal and estuarine non-indigenous
species (NIS) globally (Galil et al. 2019).
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At least 140 NIS have been recorded in the Baltic Sea (HELCOM 2018a), and shipping and maritime activity in
the area are the key pathways for the introduction and spread of NIS (HELCOM 2018b; Ojaveer et al. 2017).
NIS represents a major threat to global biodiversity (Bax et al. 2003), and biofouling itself can also reduce a
vessel’s efficiency and performance (Schultz 2007). Therefore, there is a clear need for regionally harmonized
and holistic biofouling management in the Baltic Sea.
No anti-fouling systems (AFS) can totally avoid biofouling, therefore proactive or reactive in-water cleaning
(IWC) is often needed to keep biofouling on hulls to the minimum level possible (e.g. limiting growth to the
biofilm stage). IWC matched with AFS (e.g. anti-fouling coatings) is a critical part of the biofouling management
strategy for many commercial ships (Oliveira and Granhag 2020; Scianni and Georgiades 2019).
For IWC to be performed sustainably, the cleaning should be performed in a manner that minimises risks
posed to the Baltic Sea environment by release of anti-fouling paint particles, biocides, and invasive species
(Martin et al. 2019; Bighiu et al. 2017; Woods et al. 2012; Watermann and Eklund 2019; IMO 2019).
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2. Best practice IWC for commercial shipping

Replace all vessels with ships in later of this document.

In order to keep biofouling on hulls to an acceptable level, sustainable IWC requires: (1) the use of nonabrasive cleaning techniques; (2) the capture and filtration of removed material; and (3) waste disposal on
land.
Non-abrasive cleaning techniques using the minimal force required can reduce the impact of IWC on both the
environment and the AFS. Currently, biocidal anti-fouling coatings are present on approximately 95% of
vessels (Yebra et al. 2004; INTERTANKO 2016). During cleaning, paint particles and both dissolved and
undissolved biocides can be released into the water, which can also reduce the service-life of the AFS.
Proper capture and filtration systems for biofouling waste reduce the spread of invasive species since the
survival of removed fouling organisms can be high (Woods, Floerl, and Jones 2012), and may also reduce inputs
of biocides and polymers into the environment (Watermann and Eklund 2019). The size for filtration should
be selected to capture (living) fouling organisms as well as the commonly found size of paint particles.
Therefore, the use of 10 µm mesh sizes is recommended for filtration (BIMCO/ICS 2021).
Further, waste should be handled on land to account for the risk of invasive species introduction and pollution
with toxic substances. In most countries, this waste is classified as hazardous waste, because it may contain
paint-bound biocides and other toxic substances.
An overview of IWC techniques are listed in Tables 1 and 2, which are available through cleaning companies
in the Baltic Sea (for more information see the Baltic COMPLETE project’s Cleaning services for commercial
shipping and leisure boats map, and the BSH Biofouling Management Database). Notably, the ship-based
Page 34 of 60

Commented [MR67]: FI: It is better to use the word ship than
vessel because ship is defined in the AFS Convention and IMO
biofouling guidelines. Also previous paragraphs use commercial
ships/shipping.

Commented [RH68]: SE:The relation to the IMO-guidelines
need to be further clarified

JTG BALLAST & BIOFOULING 1-2021, 7-1
Remotely Operated Vehicles (ROVs) operate without capture as they are primarily applied to biofouling at the
biofilm stage. But, in order to avoid species introduction, capture is necessary recommended as even biofilm
may contain NIS.
The choice of IWC methods to be applied to a vessel ship should also take the following into consideration:
i.

ii.

The vessel’s ship’s AFS, specifically the type of anti-fouling coating in use, i.e. biocidal, biocide-free
hard coatings (HCs), non-biocidal foul release coatings (FRs), or biocide-free self-polishing coatings
(SPCs) (see section 2.1) ; and,
The level of biofouling accumulation on the vessel’s hull (see section 2.2).

Table 1: Overview of IWC methods for ships in the Baltic Sea (Source: https://balticcomplete.com/maps and BSH
Biofouling Management Database).
Method

Techniques

Application

Benefit

Risk

Costs

Availability

Diver
operated
cleaning
devices

Rotating
brushes, high
pressurejetting, blades
- with external
capture and
filtration

Hull and
niches if
accessib
le

Effective,
control of
cleaning
effort, access
to most
niches, optical
control

Application only
in ports or
sheltered waters
without waves,
currents, and
turbidity

High

Baltic Sea ports
depending on
permits

Remotely
Operated
Vehicles
(ROVs)

Rotating
brushes, high
pressurejetting, with
internal
capture by
filtrating bags

Hull

Effective,
control of
cleaning
effort, optical
control

Application only
in ports or
sheltered waters
without waves
and currents.

Low

Baltic Sea ports
depending on
permits

Rotating
brushes and
hydro-jetting

Hull

Ship-based
ROVs

Exclusively
applicable on
biofilms, no
capture of
organisms and
paint particles

Page 35 of 60

Commented [MR70]: FI suggestion
Commented [MR71]: FI suggestion
Commented [MR72]: FI: Check that this is in line with
definitions in Guidance on biofouling management strategies:
−Chemical, biocidal AF technology, i.e. soluble control depletion
polymers (CDP) or self-polishing copolymers (SPC);
−Non-biocidal self-polishing copolymers (nSPC);
−Hard, non-biocidal insoluble coatings (HC); and
−Mechanical, non-biocidal fouling release (FR) technologies.

Commented [RH73]: SE:Comment from Fredrik Lindgren: How
does waves affect?

Control of bag
capacity limit
needed.
Effective,
control of
cleaning
effort, optical
control

Commented [MR69]: FI: Agree personally but as this is a
guidance, it should read recommended.

High

Everywhere, may
be used when
vessel is lying idle in
calm waters,
depending on
permits

JTG BALLAST & BIOFOULING 1-2021, 7-1

Table 2: Capture and treatment of biofouling waste from IWC in the Baltic Sea (Source:
https://balticcomplete.com/maps and BSH Biofouling Management Database).
Method

Techniques

Application

Benefit

Risk

Costs

Availability

Capture and
filtration system
connected with
cleaning device

Vacuum
application
for capture
and use of
sieves with
different
mesh sizes,
filtrate
disposed on
land

Hull,
propelle
r and
niches

One
system
with
perfect
connectio
n,
effective
capture
and
filtration

Must be reliable in
all types of water,
including harbour
water with high
content of
suspended matter

Relatively
high

Few
companie
s
operating
in the
Baltic Sea

Capture, filtration,
and collection in
separate units
(barges, tankers) for
treatment of
effluents

Use of sieves
with different
mesh sizes,
filtrate
disposed on
land

Hull and
propeller

Effective
capture
and
filtration,
high
capacity

A barge or tanker
have to be towed
alongside, special
areas in ports
have to be offered

Relatively
high

Only one
company
operating
in the
Baltic Sea

After separate
collection,
filtration and
treatment in a
Ballast Water
Management
System

Filtration
and UV
treatment,
filtrate
disposed on
land

Hull,
propelle
r and
niches
dependi
ng on
cleaning
tool

Type
approve
d
Ballast
Water
Manage
ment
System

Few risks due to
approved
techniques

Costs
in
additio
n to
cleanin
g 10

Few
compani
es
operate
in the
Baltic
Sea

After separate
collection treatment
in dockyard facilities
on land

Filtration
with sieves
and UV
treatment

Hull,
propelle
r and
niches
dependi
ng on
cleaning
tool

Approved
techniques
for
dockyard
waste
water
treatment

Connectivity with
cleaning tools, risk
low when pumped
out of barges or
tankers

3

€/m

50 – 200

3

€/m

Several
dockya
rds
along
the
Baltic
Sea
coast

2.1. Applying appropriate cleaning strategies for the anti-fouling coating
There are several types of anti-fouling coatings used in the Baltic region, and different coatings may be
appropriate for a vessel depending on its operational profile. The most appropriate cleaning strategy for a
vessel should be matched to the AFS and particularly the anti-fouling coating in use. Recommended cleaning
strategies are found in Table 3.
Non-biocidal HCs, FRs and SPCs are most suitable for cleaning without releasing biocides and polymers (see
Table 4). In order to perform IWC in a sustainable manner, best practice is cleaning on abrasion resistant, nonPage 36 of 60
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biocidal hard coatings in combination with capture and filtration of the biological material and subsequent
waste treatment and disposal.
For biocidal anti-fouling coatings, If IWC is to be performed the following issues are to should be considered:
-

To conduct pre- and post-cleaning inspections;

-

To test the cleaning tools with respect to efficacy, collection and measurement of undissolved paint
particles and dissolved/undissolved paint biocides in a reference area of the hull, so that damage of
the AFS is avoided;

-

More extensively developed fouling should be cleaned in dry dock, i.e. IWC should only be applied on
fouling communities in height not larger than 10 mm, and not extending to more than 5% of the hull
and niches. This means cleaning should be performed at the biofilm stage;

-

To capture the removed fouling organisms and treat them by filtration (use of 10 µm mesh sizes is
recommended for filtration; BIMCO/ICS 2021).

To further assist in the choice of AFS and application of appropriate cleaning strategies for a vessel, a decision
support tool has been developed for operators to identify the optimal biofouling management strategy for
their vessel in the Baltic Sea (for further information, including directions for how to use the decision support
tool, see Luoma et al. 2021).

Table 3: Appropriate AFS and cleaning strategy according to a vessel’s operational profile
Area*

Ship activity
level

Coating recommendation

Cleaning strategy

Western and
Southern Baltic Sea

High

-Biocide-free SPC for high activity level

Proactive grooming in
the biofilm stage

-Non-toxic hard coating in combination with cleaning
-FRC except operation in wintertime
Moderate

-Biocide-free SPC for moderate activity level
-Non-toxic hard coating in combination with cleaning

Low

-Biocide-free SPC for low activity level

Regular cleaning on FRC

-FRC in combination with cleaning (not for operation
in wintertime)
Kattegat to
Central Baltic Sea

High

-Biocide-free SPC for high activity level
-Non-toxic hard coating in combination with cleaning

Proactive grooming in
the biofilm stage

-FRC except operation in wintertime
Moderate

-Biocide-free SPC for moderate activity level
-Non-toxic hard coating in combination with cleaning
-FRC in combination with cleaning (not for operation
in wintertime)
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Low

-Biocide-free SPC for low activity level
-Non-toxic hard coating in combination with cleaning
-FRC in combination with cleaning (not for operation
in wintertime)

Eastern and
Northern part
of the Baltic
Sea

High,
moderate and
low

-Non-toxic hard coating in combination with cleaning
-FRC except operation in wintertime

Grooming, weekly
grooming in the fouling
season

*For clarification on the geographical scope please consult HELCOM Map and Data Service, “suitable antifouling systems”
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Table 4: Overview of biocide-free coatings for ships in the Baltic Sea
Coating

Techniques

Application

Benefits

Risks

Costs

Availability

Hard coatings
in combination
with IWC

Epoxy-silicone
hybrids, abrasion
resistant with
foul release
properties

Hull and
cleanable
niches

Long
service
life,
durable,
negligible
input of
paint
flakes

Must be
cleaned proactively in
biofilm stage

Comparabl
e to current
anti-fouling
paints

Several
products
on the
market

Non-biocidal FR
coatings,

Silicone based
rubber-like
polymers

Hull and
cleanable
niches

Long
service
life,
durable,
negligible
input of
paint
flakes

Must be
protected
from
mechanical
impact, not
suitable for
ice conditions

Double
price
compared
to current
anti-fouling
paints

Several
products
on the
market

Hydrolyzing
polymer
backbone and
additives

Hull,
exposed to
water flow,
not for
niches

Smooth
hull
without
release
of
biocides

Efficacy
strongly
depends on
activity level
and service
speed.

Comparabl
e to current
anti-fouling
paints

Several
products
on the
market
tailored for
different
vessel
types

cleanable

Biocide-free
SPCs

Continuous
input of
polymeric
backbone

2.2. Applying appropriate cleaning strategies for high and low intensity biofouling
The impact of cleaning tools depends on the amount, composition and adherence of the fouling. The heavier
fouling is, the higher the effort necessary to remove it. If the anti-fouling coating is completely removed or
damaged, these hull areas are prone to new settlements.
Macrofouling communities contain propagules of algae and barnacles which are hard to capture 100%. Viable
spores and larvae might invade ports and coastal areas (Woods et al. 2012; Scianni and Georgiades 2019).
Therefore there are different levels of risk associated with the IWC of high intensity macrofouling (individuals
larger than 1 mm in size) versus low intensity microfouling communities (individuals up to 1 mm in size), and
this should be taken into account when determining the appropriate IWC strategy for a ship.
Specifically for the IWC of biocidal anti-fouling coatings, IWC should only be applied on fouling communities
in height not larger than 10 mm, and not extending to more than 5% of the hull and niches. This means cleaning
should be performed at the biofilm stage. More extensively developed fouling should be cleaned in dry dock
if facilities are available.
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2.3. Niche area special requirements
Special attention has toshould be paid to the niches of ships (see Figure 1). As niches are hot-spots of fouling,
biofouling management must should include effective fouling prevention techniques for these areas. Common
niche areas are:
-

Sea chests and gratings;

-

Seawater inlet pipes and internal systems;

-

Cathodic protection (sacrificial) anodes;

-

Sonar domes, transducers and velocity probes;

-

Dry docking support areas/strips;

-

Propellers, shafts and struts;

-

Thrusters and thruster tunnels;

-

Retractable propulsion units;

-

Bilge keels and stabilizer fins;

-

Rudder, including hinges and stocks;

-

Internal ships’ spaces (e.g. chain lockers, bilges, bait wells).
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1. Easy access to the rudder pintle. If the area is covered by a door, it should be hinged and should have
sufficient diver access (minimum 400 mm diameter). Securing bolts, which can easily be removed and
reinstalled in-water should be used;
2. For tail-shaft wear down measurements, an easy access by holes, large enough for the diver’s hands
and equipment should be established. The minimum size for hand holes is around 200mm diameter;
3. Securing of all sea chest gratings by bolts only and hinges for all gratings;
4. Marking and sizing of all securing bolts; and,
5. Counting and sizing of all drain holes.
Finally, prior to launching a newbuild or after maintenance in dry dock, photographs of all external apertures
and fittings such as sea chest arrangements, overboards, transducers and thrusters etc. are to should be taken
and be kept on board.
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All niche areas are to have a clear numbering system so that divers can easily identify them in the future.
Information on niche areas is toshould be available on board the vessel to be used when required for diving
operations.
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Figure 1: Main niche areas on commercial vessels (MPI 2018)

3. Glossary
Anti-fouling system (‘AFS’)

A coating, paint, surface treatment, surface or device that is
used on a vessel to control or prevent attachment of unwanted
organisms. (International Maritime Organization definition)

Anti-fouling coating

A paint or coating that inhibits, blocks or eliminates the
attachment of unwanted biofouling organisms.

Biocide

Biocidal products are used to control unwanted organisms that
are harmful to human or animal health or to the environment,
or that cause damage to human activities. These harmful
organisms include pests and microorganisms. (European
Commission definition)

Biofouling

Accumulation of organisms on surfaces or into structures that
are submerged or exposed to the aquatic environment.

In-water cleaning (‘IWC’)

The physical removal of biofouling from a vessel while in the
water.
Page 41 of 60

Commented [MR85]: FI: Can this be stricter than above AFS
definition? Is this definition even needed?

Commented [MR86]: FI: Should be same as in the IMO
biofouling guidelines:
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.
Definition of biofouling in the new draft guidelines:
Biofouling is the accumulation of aquatic organisms such as
microorganisms, plants and animals on surfaces and structures
immersed in or exposed to the aquatic environment. Biofouling can
include pathogens in addition to microfouling and macrofouling.

JTG BALLAST & BIOFOULING 1-2021, 7-1
Microfouling

Low intensity fouling, with individuals up to 1 mm in size.

Macrofouling

High fouling intensity, with individuals larger than 1 mm in size.

Niche areas on vessels

Surfaces or structures that might differ from the hull material,
e.g. rudder, water intake, bow thrusters, anodes, knot meter,
small cracks and crevices.

Non-indigenous species (‘NIS’)

Any species transported intentionally or accidentally by humans
outside its native range.

Removed (biofouling) material

The biofouling organisms that have been detached from the
vessel.
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Annex 5 Draft Guidance on information to be included in the Biofouling
Management Plan and Biofouling Record Book of commercial and noncommercial ships
1. Introduction
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Introduction
Addressing biofouling in the Baltic Sea
Biofouling is ‘the accumulation of aquatic organisms such as microorganisms, plants, and animals on surfaces
and structures immersed in or exposed to the aquatic environment’ (IMO 2011). Transport of organisms
through biofouling is responsible for between 56-69 % of established coastal and estuarine non-indigenous
species (NIS) globally (Galil et al. 2019).
At least 140 NIS have been recorded in the Baltic Sea (HELCOM 2018a). The rate of introductions has
historically been increasing over time, although recent trends suggest this may be slightly decreasing (Bailey
et al. 2021). Shipping and maritime activity in the area are the key pathways for the introduction and spread
of NIS (HELCOM 2018b; Ojaveer et al. 2017). Importantly, the likelihood of identifying new introductions
increases with increasing monitoring and research effort.
NIS represent a major threat to global biodiversity (Bax et al. 2003), and biofouling in both commercial shipping
and leisure boating can contribute to the introduction and spread of NIS (Zabin et al. 2014; Ruiz et al. 2011;
Ashton, Davidson, and Ruiz 2014). Biofouling can also reduce a vessel’s efficiency and performance (Schultz
2007). Therefore, there is a clear need for regionally harmonized and holistic biofouling management in the
Baltic Sea.
There is an international commitment to minimize the risk of transferring and spreading invasive aquatic
species and harmful aquatic organisms and pathogens via biofouling. The 2004 international maritime treaty
shows this commitment, The International Convention for the Control and Management of Ships' Ballast Water
and Sediments (‘Ballast Water Management Convention 2004’, entered into force 2017), and the subsequent
International Maritime Organization (IMO) Guidelines for the control and management of ships' biofouling to
minimize the transfer of invasive aquatic species, MEPC.207(62) ('IMO Biofouling Guidelines’, IMO 2011), and,
Guidance for minimizing the transfer of invasive aquatic species as biofouling (hull fouling) for recreational
craft, MEPC.1/Circ.792 ('IMO Biofouling Guidance’, IMO 2012).
This document guides maintaining biofouling management records for commercial vessels and leisure boats
in the Baltic Sea. This guidance is designed to be consistent with the IMO Biofouling Guidelines (MEPC.207(62))
and IMO Biofouling Guidance (MEPC.1/Circ.792), its goal being to promote best practices for biofouling
management in a harmonised way for the Baltic Sea area.

The biofouling management plan (BFMP) and biofouling record book (BFRB)
Effective biofouling management requires that critical information is kept regarding a vessel’s anti-fouling
systems (AFS), management, control practices and history. For practical reasons, the recommended
information to be included depends on the primary use (commercial versus non-commercial/leisure) of vessels
and the size of the non-commercial/leisure boats (see Figure 1).
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Figure 1 Recommended biofouling information/documentation based on vessel use and size.

For commercial vessels and larger leisure boats (length 24 m and above), the IMO Biofouling Guidelines
(MEPC.207(62)) recommend a biofouling management plan (BFMP), and biofouling record book (BFRB) be
maintained.
The BFMP is a ship-specific strategy to provide effective procedures for biofouling management. Biofouling
management comprises the choice of a suitable AFS, maintenance and control practices, and, if needed,
integrated cleaning activities.
The BFRB is a record of all inspections and biofouling management measures that have been undertaken on
the vessel. Both the BFMP and BFRB may each be stand-alone documents or integrated into existing
operational and procedural manuals and/or planned maintenance systems.
The BFRB aims to allow owners or operators of vessels in the Baltic Sea to assess the efficacy of their AFS and
adapt their BFMP accordingly. Records of biofouling measures on a vessel also allow for its potential biofouling
risk to be rapidly assessed when required by regulatory authorities (IMO 2011).
Here, we present guidance for the information that should be recorded in a vessel’s BFMP and BFRB,
consistent with recommendations that have been developed worldwide and that are furthermore applicable
for the specific conditions of the Baltic Sea (see Section 2, Guidance for commercial vessels and large (>24 m)
leisure boats).
For smaller (below 24 m in length) leisure boats, the IMO Biofouling Guidance (MEPC.1/Circ.792) does not
require a specific BFMP or BFRB to be maintained, however, it suggests that documentation be kept
regarding the AFS used on the boat, niche areas in the hull and records of any cleaning actions applied to the
boat (see Section 2, Guidance for leisure boats).
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Guidance for commercial vessels and large (>24 m) leisure boats
Recommended information to be provided in a BFMP
To keep a ship as consistently free from biofouling as possible, developing a ship-specific BFMP that describes
its biofouling management strategy is the key.
The contents of a BFMP should be consistent with the IMO Biofouling Guidelines (MEPC.207(62)). This includes
a description of the biofouling management practices, maintenance plan and AFS used for hull and niche areas.
The IMO Biofouling Guidelines (paragraph 5.3, MEPC.207(62)) state that the BFMP should address, among
other things, the following:
“1. Relevant parts of these Guidelines;
2. Details of the anti-fouling systems and operational practices or treatments used, including those for
niche areas;
3. Hull locations susceptible to biofouling, schedule of planned inspections, repairs, maintenance and
renewal of anti-fouling systems;
4. Details of the recommended operating conditions suitable for the chosen anti-fouling systems and
operational practices;
5. Details relevant for the safety of the crew, 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.”
Transport of species on wetted hull surfaces is influenced by the quality of the biofouling management and
the environmental conditions and the ship's operational profile. Consequently, the BFMP should also include
records of voyages of the last months and the time spent at port or anchorage. It is important to point out
that the IMO Biofouling Guidelines do not further specify how many months backwards are to be included.
See Attachment I for BFMP/BFRB templates and more specific details regarding the information to be
included.
It is recommended to test the effectiveness of the BFMP by performance monitoring and in-water inspections,
especially if travel routes change and speed or idle periods differ from the considerations made during the
development of the original plan. In this context, provide the required detailed information in the BFRB is
essential to allow the efficacy of management to be checked retrospectively.

Recommended information to be provided in a BFRB
Management practices are described in the BFMP, whereas completed actions are documented in the BFRB.
The IMO Biofouling Guidelines (paragraph 5.7, MEPC.207(62)) state that the BFRB should include the
following:
“1. Details of the anti-fouling systems and operational practices used (where appropriate as recorded in
the Anti-fouling System Certificate), where and when installed, areas of the ship coated, its maintenance
and, where applicable, its operation;
2. Dates and location of dry-dockings/slippings, including the date the ship was re-floated, and any
measures taken to remove biofouling or to renew or repair the anti-fouling system;
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3. The date and location of in-water inspections, the results of that inspection and any corrective action
taken to deal with observed biofouling;
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 outside its normal operating profile including any details
of when the ship was laid-up or inactive for extended periods of time.”
A BFRB should be maintained for the full life of the ship.
See Attachment I for IMO BFMP/BFRB templates and more specific details regarding the information to be
included.

Guidance for leisure boats
What boats does this apply to?
The IMO Biofouling Guidance (MEPC.1/Circ.792) and the recommended documentation for leisure boats
(section 3.2), applies to leisure boats below 24 m only.
For leisure boats 24 m in length and above, the IMO Biofouling Guidelines (MEPC.207(62)) apply requiring the
completion of a BFMP and BFRB as with commercial vessels (see sections 2.1, 2.2).

Recommended documentation
The development of a BFMP and keeping a BFRB is not a common practice in the leisure boat sector.
Nonetheless, improved record keeping helps owners to keep track of their boat’s AFS condition and
effectiveness, as well as providing interested authorities (e.g. at ports, harbours, marinas etc.) valuable
information to assess its biofouling risk. Therefore, biofouling management planning and keeping records of
anti-fouling actions could significantly contribute to minimizing the spread of NIS in the Baltic Sea.
A first step to improve biofouling management of leisure boats is the recommendation to keep information
about:
−

Records of voyages taken and the duration and location of time spent in anchorage;

−

The AFS used on the boat, e.g. specification, manufacturer, date of application and condition;

−

Details of any inspections made on the AFS, including notes on the effectiveness of AFS;

−

A diagram of the hull showing niche area locations and a summary of plans for minimizing biofouling:
planned time interval between AFS renewals and how the different niche areas will and/or have been
treated (see example diagrams in Attachment II); and,

−

As appropriate, surrogate to the BFRB, receipts or similar documentation of cleaning actions, including
cleaning before overland transport, should be included in the boat’s logbook (which has to be present on
each boat sailing coastal waters).
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Glossary
AFS

Anti-fouling system(s)

BFMP

Biofouling Management Plan

BFRB

Biofouling Record Book

IMO Biofouling Guidelines

IMO Guidelines for the control and management of ships'
biofouling to minimize the transfer of invasive aquatic species
(MEPC.207(62))

IMO Biofouling Guidance

IMO Guidance for minimizing the transfer of invasive aquatic
species as biofouling (hull fouling) for recreational craft
(MEPC.1/Circ.792)

NIS

Non-indigenous species include species outside of their natural
range, where their presence results from human activity
(intentional or unintentional).
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Attachment I. BFMP/BFRB templates for commercial shipping
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Attachment II. Niche areas diagram template for leisure boats
Figure 1. Hull niche areas: recreational trailered craft

Figure 2. Hull niche areas: recreational craft

Page 60 of 60

