
MARINE ANTIFOULING PAINTS 

 

The objectives of this course are to: 

➢ knowledge of the importance of using marine antifouling paints, according to 

International Convention on the Control of Harmful Anti-fouling Systems on Ships 

➢ knowledge of the impact of organotin compounds from the marine antifouling paints 

on the marine environments, 

➢ familiarizing with new eco- friendly biocides used in marine environments. 

Anti-fouling paints are used to coat the bottoms of ships to prevent sea life such as algae 

and molluscs attaching themselves to the hull – thereby slowing down the ship and increasing 

fuel consumption. In addition to anti-fouling, the coating prevents corrosion on metal hulls and 

propellers. 

The new Convention defines “anti-fouling systems” as “a coating, paint, surface 

treatment, surface or device that is used on a ship to control or prevent attachment of unwanted 

organisms”. 

The International Convention on the Control of Harmful Anti-fouling Systems on 

Ships, which was adopted on 5 October 2001, will prohibit the use of harmful organotin 

compounds in anti-fouling paints used on ships and will establish a mechanism to prevent the 

potential future use of other harmful substances in anti-fouling systems. The Convention 

entered into force on 17 September 2008. 

Under the terms of the Convention, Parties to the Convention are required to prohibit 

and/or restrict the use of harmful anti-fouling systems on ships flying their flag, as well as ships 

not entitled to fly their flag, but which operate under their authority and all ships that enter a 

port, shipyard or offshore terminal of a Party. 

In the early days of sailing ships, lime and later arsenic were used to coat ships' hulls, 

until the modern chemicals industry developed effective anti-fouling paints using metallic 

compounds. These compounds slowly "leach" into the sea water, killing barnacles and other 

marine life that have attached to the ship. But studies have shown that these compounds persist 

in the water, killing sea-life, harming the environment, and possibly entering the food chain. 

One of the most effective anti-fouling paints, developed in the 1960s, contains the organotin 

tributyltin (TBT), which has been proven to cause deformations in oysters and sex changes in 

whelks. Under the terms of the Anti-fouling System (AFS) Convention, Parties to the 

Convention are required to prohibit and/or restrict the use of harmful anti-fouling systems on 

ships flying their flag, as well as ships not entitled to fly their flag, but which operate under 

their authority and all ships that enter a port, shipyard, or offshore terminal of a Party.  

Anti-fouling systems to be prohibited or controlled are listed in an annex to the 

Convention, which will be updated as and when necessary. The Convention includes a clause 

which states that a ship shall be entitled to compensation if it is unduly detained or delayed 

while undergoing inspection for possible violations of the Convention.  

 

 



Impact of organotin compounds on the marine environments 

Biofouling in the marine environment is the undesirable attachment and growth of 

unwanted organisms on submerged surfaces, especially on the ship hulls of sea-going vessels 

(Brooks and Waldock, 2009). This would increase fuel consumption, and as a result increase 

the cost and amount of CO2 emitted during shipping activities. Therefore, the need of 

antifouling paints to prevent the accumulation of these organisms is of both economic and 

environmental importance. Since the 1960s, organotin compounds (OTs), particularly 

tributyltin (TBT) and triphenyltin (TPT), had become among the most predominant compounds 

in antifoulant formulations because of their excellent biocidal properties. These compounds 

were generally incorporated into “free-association” paints, in which the biocide was dispersed 

in a solution resinous matrix that is designed to be released into its surroundings. Organotin 

antifouling compounds, especially tributyltin (TBT), emerged in the mid-20th century. Its 

derivatives, such as bis-oxide TBTO, fluorinated TBTF, combined with soluble and insoluble 

matrix inks, were very successful due to their broad spectrum of action, not causing corrosion 

and being colourless. Upon release into the marine environment, these highly toxic chemicals 

can lead to a wide range of deleterious effects on various marine organisms, such as 

phytoplankton, invertebrates, vertebrates, and even marine mammals. For example, OTs can 

inhibit the photosynthetic response and growth performance of marine diatoms. They can also 

affect growth of mussels, as well as the reproductive success of fishes by decreasing the amount 

of sperm produced in male fish and worsening the quality of eggs produced by female fishes. 

Specifically, OTs are notorious for causing the development of imposex in gastropods (i.e., the 

development of penis and vas deferens on female gastropods) at concentrations as low as 1 

ng/L. In virtue of the ubiquity and non-selective effects of OTs, their use in antifouling agents 

has been restricted by the European Union (EU) in 1991, and later by the International Maritime 

Organization (IMO) in 2008. Under these regulations, countries are obliged not to produce or 

apply OT-based antifouling paints onto their ships. All EU ships and ships visiting EU ports 

were also obliged not to bear OT-based antifouling systems (IMO, 2008). The pollution of OT 

compounds has been a long-term problem in all marine environments. High concentrations of 

these compounds were recorded in various organisms, including invertebrates and marine 

mammals. Adverse effects, particularly imposex, were also reported in various gastropod 

species, such as the arctic whelk (Buccinum finmarkianum) and the common whelk (Buccinum 

undatum) inhabiting the region. Presently, multiple actions have been taken to restrict the use 

of OT such as the international convention on the Control of Harmful Anti-Fouling Systems 

on Ships (AFS), currently contracted by 89 states, combined merchant fleets of which 

constitute approximately 96% of the gross tonnage of the world’s merchant fleet (IMO, 2020). 

Non contracted States such as Iceland, still restrict and ban the use of OT-antifouling paint 

through governmental prohibitions. Nevertheless, studies discovered that TBT can still be 

found in sediments and dogwhelks in the subarctic and the Arctic in the past decade at 

concentrations ranging from 14 to 1800 μg/kg d.w. and < 0.3–12 μg/kg w.w., respectively. 

Many studies showed that imposex in dogwhelks was also recorded in individuals collected 

from West Iceland, the Faeroe Islands, Northern Norway and parts of Greenland. Nonetheless, 

even though TBT compounds are still measurable in the environment, their occurrences have 

in general extensively declined like in other regions. In spite of the overall decline in OT 

concentrations, it has been recommended to continue monitoring and sample new sites for these 

compounds due to very limited knowledge of temporal and spatial trends in the region, 

allowing detection of possible new sources of OTs. 



Other alternative biocides 

Various booster biocides have also been produced to act as alternatives for OT- and 

copper-based antifouling paints. These include Diuron, Irgarol 1051, Sea-Nine 211 with 

DCOIT (4,5-dichloro-2-n-octyl-4-isothiazolin-3-one), TCMTB ((1,3-Benzothiazol-2-

ylsulfanyl) methyl thiocyanate), Dichlofluanid, Chlorothalonil, Pyrithiones (e.g. Copper 

pyrithione (CuPT), Zinc pyrithione (ZnPT)), Ziram, and Zineb. Remarkably, a comprehensive 

study conducted by Bao et al. (2011) demonstrated that five of these biocides can pose negative 

impacts to a wide range of organisms. In particular, Irgarol was found to be more toxic than 

TBT to microalgae Skeletonema costatum, Thalassiosira pseudonana, and Pyrocystis lunula, 

whilst CuPT showed comparable toxicities to TBT on almost all test species, ranging from 

cyanobacteria to invertebrates, and even higher toxicities than TBT on larvae of the marine 

medaka fish Oryzias melastigma in increasing their mortality. Similar findings were proposed 

by Zhang et al. (2019), which found that even degraded mixtures of Irgarol 1051 had significant 

phytotoxic effects to the cyanobacteria Chroococcus minor and Synechococcus sp., the diatoms 

Skeletonema costatum and Thalassiosira pseudonana, the macroalgae Ulva lactuca and 

Caulerpa peltata, and the dinoflagellate Prorocentrum dentatum. Another alternative biocide, 

SeaNine 211 with DCOIT (4,5-dichloro-2-n-octyl-4-isothiazolin-3-one), which was 

considered as one of the more environmentally acceptable biocides used in antifouling paints, 

was also found to be endocrine disrupting and can cause reproductive impairing effects in all 

kinds of marine organisms. A study by Wendt et al. (2016) also suggested that the 

environmental realistic concentrations of DCOIT (4,5-dichloro-2-n-octyl-4-isothiazolin-3-

one) can pose a risk to the marine environment in certain exposure scenarios, as demonstrated 

by the marine pelagic copepod Acartia tonsa.  

 

New eco- friendly biocides used in marine environments 

Marine biofouling is an extensive phenomenon causing large problems to engineered 

structures such as ships and offshore platforms by way of increased use of manpower, fuel, 

material and dry-docking time. Shipping accounts for approximately 90% of world trade and 

seaborne trade has quadrupled over the past three decades. The economic costs of hull fouling 

have been a driving force behind the development of antifouling technologies, a global industry 

that is now worth approximately US$ 4 billion annually.  

Increased awareness of the impacts resulting from the use of toxic antifouling paints 

has prompted investment in the research and development of non-toxic alternatives such as 

coatings that incorporate natural origin compounds as derivates from algae and other marine 

organisms in the marine environment, where all surfaces are constantly exposed to 

colonization, many sessile organisms remain relatively free of biofouling. They are many 

studies which showed that marine invertebrates are a potential source of natural, bioactive 

products that act against external threats. They are involved in a great variety of interactions, 

many of which are chemically mediated. These compounds often play multiple ecological 

roles, primarily protection against predators, competitors for space and opportunistic 

pathogenic microorganisms.  

Particularly, secondary metabolites produced by marine sessile organisms represent a 

new perspective on preventing overgrowth by epibionts and could potentially be used as 



commercial antifoulants. Sponges, with their rich chemical defence mechanisms, are among 

the most studied organisms for the isolation of natural products antifoulants (NPAs). Marine 

sponges have received much attention because they represent a source of unique and diverse 

secondary metabolites with novel structures and potential biological activities. Previous studies 

have shown that sponges are rich in terpenoids and steroids which can function in antipredation, 

competition for space and control of epibionts. In contrast, echinoderms are one of the groups 

less explored in relation with NPAs. Only a few investigations of antifouling compounds have 

been examined with starfish, basket stars and sea urchins. 

However, sea cucumbers are a large and diverse group of organisms from which a wide 

range of secondary metabolites have been isolated. A number of these compounds possess 

biological activity such as toxicity, antibacterial, antifungal, antiviral, anti-tumor and other 

specific activities. 

The properties established for both, sponges and sea cucumbers, and particularly their 

antimicrobial activity, support the hypothesis that these groups could be potential candidates 

to obtain antifouling compounds. The inhibition of the organism settlement process could be 

achieved by breaking one or more of the steps implicated in biofouling development. 

Additionally, bacterial biofilms can play an important role in mediating settlement and 

metamorphosis of larvae, e.g. they can enhance or inhibit larval and algal spore attachment. 

Most of the experiments conducted to evaluate antifouling activity of a vast range of 

substances have been laboratory-based using different larval stages, and also field tests 

employing gels containing extracts. However, few of these substances have incorporated into 

marine paints for testing. 

Due to the environmentally harmful action of the well-known, efficient and versatile 

TBT self-polishing paints, and the consequent prohibition of their application after 1 January 

2003 and of their presence on ship surfaces after 1 January 2008, paint manufacturers have 

been forced to urgently study and develop new more environmentally friendly antifouling 

paints. Without seeking to be complete or exhaustive, the products with biocides that have 

recently been marketed for this purpose may be grouped under three main headings, namely 

controlled depletion paints (CDPs), tin-free self-polishing paints (TF-SPCs) and hybrid 

systems. Meanwhile, due to ecological pressures on the one hand, and, on the other hand, to 

the fact that these paints, while free of TBT, are always based on the release of biocides and 

co-biocides, whose action has not always been fully clarified, in recent years there is a tendency 

towards the development of fully biocide-free antifouling paints. 

Tin-free controlled depletion paints (CDPs) 

These paints, which constitute the first generation of tin-free antifouling paints, are no 

more than a development of traditional soluble matrix paints, whose binder is reinforced by 

organically synthetized resins which are more resistant than rosins and control the dissolution 

of the soluble binder. However, their working mechanisms are assumed to be similar to those 

of conventional rosin-based paints. 

Also known as ablative/erodible paints, they contain a large proportion of physically 

drying, non-toxic, sea water soluble binder, combined with polymeric ingredients capable of 

controlling the relative rate of the dissolution/erosion mechanisms by means of physical 

processes. The biocide load integrated in them may be regulated above the level presented by 



a good non-self-polishing paint. In contact with sea water, the biocides dissolve together with 

the soluble binder, and the dissolution process-controlling ingredients are “washed” from the 

surface. The constant ablation/erosion rate seems to be achieved through the equilibrium of the 

process, which is attained a short time after immersion (Fig. 1). 

 
Fig. 1 Proposed mechanism for ablative/erodible paints (courtesy of Hempel Portugal) 

 

Among the general properties of ablative/erodible paints, mention may be made of the longer 

than 3 years protection period that they can afford, their toxicant release economy, roughness 

control, and the fact that they do not need a tie coat during repainting in the dry dock, besides 

being less expensive than TBT-based self-polishing paints. They are widely used on leisure 

boats and small ships with relatively short service times. 

Tin-free biocide-containing self-polishing paints (TF-SPCs) 

In this type of paint, the products are integrated in an acrylic matrix to which different 

pendent groups of the main chain are added, however without tin. Like in self-polishing paints 

containing tin, the pendent groups are considered to be released in contact with sea water (Fig. 

2). Nevertheless, and despite the high number of patents registered in this domain until 1996, 

these groups are in no case as effective as TBT. This is because of the significant impact of the 

chemical nature of the pendent groups on the balance of the hydrophilic/hydrophobic 

characteristics of the matrix, the alteration of the vitreous transition temperature during 

hydrolysis, the absorption of water, and the possible intumescence of the polymer, among other 

reasons. 



 
Fig. 2. Tin-free antifouling mechanisms involving different pendent groups (courtesy of 

Hempel Portugal). 

 

Furthermore, these paints are free of rosins and their derivatives, which means they 

possess better photostability, an important characteristic for the boot top area. They are 

generally based on copper acrylates combined with co-biocides, but use is also made of zinc 

acrylates and others. The antifouling products in this group use various technologies, and Fig. 

3 offer an example of the mechanisms proposed by Hempel Portugal, for different types of TF-

SPCs. Thus (Fig. 3) shows an ion exchange mechanism between a water-soluble zinc carboxyl 

polymer salt and the sodium ions in sea water. These polymers interact with sea water, and 

their self-polishing effect is seen with the controlled release of biocides. Due to their relatively 

high polishing rate, the maximum service life of this type of paint is normally around 3 years, 

although in some cases service lives of 5 years have been reported. 

 
Fig. 3. Mechanism proposed by Hempel for a TF-SPC paint (courtesy of Hempel 



Portugal). 

 

Biocide-free paints 

Once marine organisms segregate polar fluids that function as adhesives on immersed 

surfaces, one way to stop them from becoming attached to these surfaces, without using 

biocides, seems to be by the development of low energy non-polar coatings, such as those 

previously tested and reported by de la Court and Vriesin (1973), but which, at that time, were 

abandoned due to their lack of adhesion to steel hulls. However, although it is very difficult to 

develop biocide-free antifouling paints that are efficient at an acceptable price, in the current 

environmental climate the pressures to use environmentally friendly products have led to the 

development of almost innocuous products, from the point of view of environmental hazard. 

These products are totally different than traditional antifouling paints, acting essentially by 

means of a barrier layer and at the same time possessing ultra-smooth surfaces which assure 

very low friction and are hydrophobic, so that marine organisms cannot adhere to them. Any 

transient fouling will be removed by the movement of the sea water, in a self-cleaning process, 

or by the action of a simple pressurised water jet. These products will lead to surfaces that are 

capable of possessing: 

a. A significant number of active groups that can move freely over the surface, conferring 

it the desired surface energy range. 

b. A main chain of a linear structure which prevents undesirable interactions.  

c. High molecular mobility of each chain and of the active lateral chains. 

d. Low modulus of elasticity.  

e. A smoothness at molecular level which prevents the infiltration of biological 

adhesives, and therefore their fixing. 

f. A thickness that can control interface fracture mechanisms.  

g. Absence of polarity. 

h. Molecules that permit all the above requirements and at the same time are stable for 

long periods in sea water. 

There are numerous alternative techniques to antifouling the painting that has been 

tested over time have either not proven to be sufficiently efficient or are so expensive and/or 

difficult to apply on ship hulls that they have not been applied with the hoped-for success. 
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