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Abstract
Antifouling paints are applied on vessels to prevent growth of fouling organisms such has
barnacles. Presently, there are a number of different paints available on the Swedish market
with different strategies and active substances. The paints might work by either continuously
releasing biocides or physically by peeling off or provide an easily cleansed surface where
organisms cannot attach. The physically working paints do not need to register an active
substance since its purpose is not to affect living organisms by a chemical or biological mode
of action. In this study, two commercially available paints, the copper-based Fabi 3959
(International Paint Ltd) and physically eroding, biocide-free labelled Mille Light (Hempel
Färg AB) were compared to Hard Racing superior, containing copper and the forbidden
substance Tributyltin. Fabi International is only allowed to be used on the Swedish west coast
due to 6% added as active substance while the biocide-free Mille Light is eligible for east
coast usage. The toxic effect from respective paint was investigated by assembling a growth
inhibition test with the red macro alga Ceramium tenuicorne. The results show that all the
studied paints had a negative effect on growth and therefore leaked substances in
concentrations high enough to be harmful to the alga. The toxic response differed with the
effect on growth being in the following order, Hard racing superior>Fabi >Mille Light.
Implications regarding the current legalization involving biocide-free labelled antifouling
paints are discussed.

Keywords: Antifouling paint, Ceramium tenuicorne, biocide-free, TBT, copper, growth
inhibition test, The Baltic Sea
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Sammanfattning
För att förhindra påväxt av organismer som havstulpaner appliceras båtbottenfärger på fartygs
undersida. Det finns ett antal olika färger tillgängliga på den svenska marknaden som har
olika tillvägagångssätt och aktiva substanser. Färgerna kan fungera genom att kontinuerligt
frigöra biocider eller fysiologiskt, antingen genom att ha en yta som flagnar av eller genom att
skapa en glatt yta som organismer har svårt att fästa vid. Då de fysiologiskt verkande
färgernas syfte inte är att påverka levande organismer behöver de inte registrera sin aktiva
substans. I den här studien har den kopparbaserade färgen Fabi 3959 (International Paint Ltd)
och den fysikaliskt eroderande verkande Mille Light, som betecknas biocidfri, jämförts mot
Hard Racing Superior, som innehåller koppar samt det förbjudna ämnet Tributyltenn. Fabi
International är bara tillåten att användas på den svenska västkusten då 6 % av innehållet är
koppar medan den biocidfria Mille Light även får användas på östkusten. Den toxiska
effekten från respektive färg undersöktes genom ett tillväxthämningstest med makroalgen
Ceramium tenuicorne. Resultaten påvisar att alla de undersökta färgerna har en negativ effekt
på tillväxten och därmed läcker substanser i tillräckligt höga koncentrationer för att de ska
tillfoga skada på algen. Den toxiska reaktionen varierade där effekten på tillväxten visade sig
vara i följande ordning, Hard racing superior > Fabi >Mille Light. Resultatet i relation till den
nuvarande lagstiftningen med biocidfria båtbottenfärger diskuteras.

Nyckelord: Båtbottenfärg, Ceramium tenuicorne, Biocidfri, TBT, koppar,
tillväxthämningstest, Östersjön
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1. Introduction
1.1 Antifouling paints and the Baltic Sea
Sweden has one of the world biggest archipelagos with over 60.000 islands and gives
excellent condition for a rich boat life. The thriving archipelagos are easily accessed to people
due to the right of common access. Free fishing along the coasts also adds to an enhanced
experience. Altogether the interests of boat owners from other countries are increasing which
leads that more are spending their holidays along the Swedish coasts (Swedish Maritime
Administration, 2009). These are some of the main reasons why every spring 1.3 million of
pleasure boats are launched into Stockholm’s archipelago (GP, 2008). Areas with high boat
density will be very likely to affect both flora and fauna along coasts, especially if the boats
are covered with substances that might affect multiple marine organisms.
Organisms such as mussels, barnacles and algae provide a problem for many boat owners.
These fouling organisms will attach to the hull, which will increase the friction and lead to
lower speed, impaired manoeuvrability and increased fuel consumption (Eklund and
Karlsson, 2004). To prevent this problem boat owners apply antifouling paint on the vessel.
Most paints function by continuous releasing biocides, creating an inhospitable surface and
therefore prevent growth (Stupak et al, 2003). Today there are also alternatives available that
work by physical effect. The biocide-based paints are very effective keeping the boats clean,
however during the last decades they have also been shown to cause adverse effects in nontarget organism (Eklund et al, 2006).
The Baltic Sea posses some unique properties compared to other oceans around the world.
Evolutionary the sea is very young, its present state derived for about 7000 to 8500 years ago,
after the last ice age. The water in the sea is brackish due to a constant flow of fresh water
from the main land (Johansson, 2006). Combined with the limited inflow of salt water from
the narrow Danish straits, the water exchange is very slow which result in a salinity ranging
between 10 PSU (Practical Salinity Unit) in the south and 2 PSU in the north. This makes the
Baltic region into one of the largest brackish water areas in the world (Kautsky and Kautsky,
2000). However, the Baltic Sea is also one of the most polluted seas in the world (Jansson,
2003). It is surrounded by 14 densely populated and industrialized countries where estimated
90 million people live within the drainage area. The countries put a lot of pressure on the
Baltic Sea, discharging nutrients and pollutants out in the bay. Many other factors also
contribute to an increase in contamination. The limited water exchange results in a long
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residence time of 30 years, allowing pollutants to remain for a long time (Johansson, 2006).
The sea is in general very shallow, with an average depth just about 60 meters, with a
halocline layer preventing vertical circulation, and oxygen-rich water from reaching the deep
water. The oxygenation is therefore restricted by salt-water inflow events, which occurs
irregularly (Kautsky and Kautsky 2000).

a)

b)

Picture 1:a)The drainage area of The Baltic Sea Basin and (http://www.grida.no/baltic/png/baltic_basemap.png) b) the salinity
concentration variation measured by PSU (Practical Salinity Unit) within the zones
(http://www.fimr.fi/en/tietoa/veden_liikkeet/en_GB/hydrografia/_files/12076504320083237/default/SUOLAISUUDET.gif).

The low salinity- and oxygen halt makes it difficult for species to establish. Most of the
organisms living in the Baltic Sea derive from either marine- or freshwater species and are
still adapting to the unusual salinity range (Rýden et al, 2003; Kautsky and Tedengren, 1992).
Many organisms therefore live under constant stress, which can negatively affect individuals’
ability to grow, reproduce, consume food etc. The stress makes them more vulnerable for
additional strain, such as pollution. (Naturvårdsverket, 2005)
1.2 Tributyltin in antifouling paint
In the 1960s manufactures introduced Tributyltin (TBT) as an active substance in antifouling
paints (Cato et al, 2007). The substance was very effective but the first deleterious effect
emerged at the end of 1970s when the oyster industry at Arachnon Bay (France) reported
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severe deterioration in population growth. Laboratory and in situ experiments revealed that
Tributyltin contamination was the cause of reproduction failure within the bay. Undesired
effects from TBT usage disrupt the hormonal production, making females of marine
gastropods develop male characteristics (Claude 2000; Cato et al, 2007). But not only oysters
are vulnerable to very low levels. Ecotoxicological data suggest that other species of bivalves
and molluscs also are very sensitive to TBT exposure (Claude, 1998). Tributyltin is so toxic
that quality standards are set to 0.0002µg TBT/ L for water and 0.02 µg TBT / kg dry weight
for sediment (Eklund et al, 2008).
The half-life of the substance in seawater is highly variable and may last from a few days to
weeks depending on the environmental conditions such as pH, temperature, turbidity and
light. However, Tributyltin is only slightly soluble in water and a high amount will instead be
adsorbed on particles. Degradation in sediments is much slower and may last for several years
(Claude 1998; Johansson 2000). In conditions with low oxygen levels, the compound can
remain from several years to decades. Due to the discovery of toxic impact and high
persistence, restrictions were made and since 2008, no ships or vessels applied with
Tributyltin based paints are allowed to enter any harbour in EU (Kemi.se; Cato et al 2007).
1.3 Antifouling paints used at present
Since the ban, many manufactures have replaced TBT with different copper compounds as the
active component (Eklund et al, 2006). However, copper is also very toxic and may affect
non-target organisms (Hall and Andersson, 1999). Current regulations state that copper-based
paints are not allowed to be used on boats running on the Swedish east coast. However, the
paints can be applied on boats and other vessels weighing over 200kg running on the Swedish
west coast. Boat owners who have bought paints containing copper before the restriction 2001
may still use it until depleted (Kemi.se).
The restriction on harmful substances in paints required a development of new types of
antifouling strategies. Today, both biocide-based and biocide-free antifouling paints are
available on the Swedish market. Some paints are supposed to prevent fouling in a physical
way by dissolving or peeling off continuously. Others function by giving the hull a smooth
surface, which will affect organisms’ adhesion, making them easy to rinse off (Sjöfartsverket,
2000-2001). With present regulation only paints that work by having a chemical or biological
effect need to be approved by the Swedish National Chemicals Inspectorate (KEMI). Paints
that are supposed to have a physiological effect do not need to be evaluated, even though they
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may contain residues harmful to the environment. It is the manufactures responsibility to label
and inform customers for a correct management (kemi.se).
The aim of this study was to investigate and gather information on the ecotoxicological
potential in one self-polishing biocide-free and one copper-based antifouling paint. In order to
do so a growth-inhibition test with the red macro alga Ceramium tenuicorne was performed.
Since Tributyltin has been acknowledged to have a toxic effect on marine species, a
prohibited TBT-based paint was used as reference.

2. Materials and method
2.1 Antifouling paints
Three antifouling paints were used in this study, where two are available for purchase on the
Swedish market.
Mille Light, White, (Hempel Färg AB) is a self-polishing paint recommended for use within
most parts of the Swedish east coast. Since it is labelled biocide-free the Swedish National
Chemicals Inspectorate (KEMI) does not need to investigate the active substance. No
information of contents was found on the label.
Fabi (International Paint Ltd) is a paint only allowed for boats mainly running on the Swedish
west coast (from Trelleborg to the Norwegian border) due to its active component being
copper (I) oxide 6%. It is registered as “Fabi 3959” at the Swedish National Chemicals
Inspectorate with a qualification of class 3 (Kemi.se).
Hard racing superior that contains Tributyltin (TBT) and copper was used as reference paint.
The substance TBT is forbidden and therefore the paint is not allowed or available on the
market.
2.2 The Leakage procedure
The paints were applied in 5cm2 squares on plastic petri dishes. Before the leakage procedure
started, the painted dishes were put into beakers with 0.5L of natural brackish water for 1h.
This water was then discarded because of the possibility that it may contain residues of
preservatives or solvents. The dishes were then transferred into pre-cleaned autoclaved
beakers containing 0.5L of vacuum filtered water gathered from Askö, 90 km south of
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Stockholm (smf.se). Two beakers (B1, B2) per paint were used which gives a total of 6
beakers. To prevent growth of photosynthetic organisms during the leakage procedure, the
beakers were covered with aluminium foil. The beakers were put on a shaking table to
simulate water movement, as if applied on a vessel. The leakage was performed at room
temperature 22 ± 2 ◦C, for 7 days. After 1 week of leakage, 30ml of water were collected from
each beaker in acid-cleaned polyethylene bottles and stored in a refrigerator at Södertörn
University for later analyze of content of the four metals Cu, Zn, Sn and Pb at ITM
(Department of Applied Environmental Science), at Stockholm University. For the growth
inhibition study leakage water from day 7 was used.
2.3 Test organisms
The organism used to study the growth inhibition effect of leakage water from the antifouling
paints was the red macro alga Ceramium tenuicorne. C. tenuicorne is a brackish water alga,
common and indigenous in the Baltic Sea (Eklund, 1998; Bergström et al 2003) but since the
species are cosmopolitan it has a continuous distribution around the world (Eklund, 2005) In
the Baltic Sea, red algae have a wide range of ecological functions, acting as primary
producers and providing foraging areas and shelter for fish, invertebrates and other aquatic
organisms (Pihl et al, 1995). C. tenuicorne is frequently used in toxicity-tests due to that it is
easily cultured in laboratory conditions and being sensitive to changes in habitat, which
makes it a good indicator (Eklund, 1998; 2005). Also, the species has a wide salinity range,
from 4‰ to 32‰, which makes it possible to perform studies over extended areas (Eklund,
2005). The algae used in this study were clones isolated in 1995 from the northern part of the
Proper Baltic near Askö Laboratory by Dr. Britta Eklund, Stockholm University.
2.4 The growth inhibition test
The algae were cultivated in autoclaved natural seawater added with phosphor, nitrogen, iron,
and trace elements. The test was performed on female generation since it grows more
uniformly and faster compared to male generation (Bergström et al, 2003). The growth
inhibition was estimated by measuring the length of the alga at day 0 and again after 7 days
exposure to the leakage water. The alga was cut according to the procedure described by
Britta Eklund and Karin Ek (2004) with two branches and four initial claws, with a length
from the first branch to the outermost point between 2 and 3.5mm (See Picture 2).
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Picture 2: Piece of C. tenuicorne with two branches and four initial claws (from von Seth, 2009)

The leakage water from the three antifouling paints was diluted into different concentrations.
A total of 9 concentrations were used for each series ranging from 0.1%-20% for Hard racing
Superior, 0.2%-100% for Mille Light and 0.1%-10% for Fabi. The dilution medium used in
the study was natural brackish water collected from Askö, added into all the petri dishes.
Three replicates were made for each test concentration and 6 for the control. The test
solutions were transferred to small sterile petri dishes, 5 cm in diameter, with covers. Each
petri dish contained 2 pieces of algae, which had been randomly picked.
Since the same tweezer was used to transfer the algae to every petri dish, there was a risk of
contamination. To reduce the risk of increasing toxicity in lower brackets the alga was picked
from control-concentration and in rising concentration -order. The dishes were then randomly
spread out on a tray to avoid impacts of external factors such as light, position and oxygen.
The petri dishes were incubated in a culture chamber for 7 days at room temperature, 22±2°C,
and a circadian rhythm of 14 hours of light and 10 hours of darkness. To avoid a large extent
of evaporation the trays where covered with plastic film (Eklund and Ek, 2004).
A second test series (S2) was also performed three weeks after the first set (S1) with a dilution
factor of 0.001%-0.1% for Hard Race superior and 0.1%-25% for Mille Light. Fabi was not
included in the second rounds. The same leakage water and procedures as above where
utilized.
2.5 Calculations and statistical analyses
The median effective concentration (EC50), which is the concentration where the algae shows
a 50% growth inhibition compared to controls was calculated in REGTOX-EV6.xls (Regtox
6.3 software program.xls). This method calculates EC-values for macro alga with
corresponding 95% limits by optimizing the curve fit with successive iterations (Eklund and
Karlsson 2004).
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Analysis of variance (ANOVA) followed by non-orthogonal pair-wise treatment contrasts
were used to compare treatments and controls in the exposure series. This was done using the
R package software.
3. Results
3.1 Leakage water content
The metal analyses made during the leakage procedure expressed high variation of substances
between the three investigated paints. All of the analyzed substances tin (Sn), zinc (Zn), lead
(Pb) and copper (Cu) were only present in the reference paint, Hard racing superior. Least
substances, Zn and Cu, were observed in the biocide-free Mille Light. Notable, all paints had
leaked considerable amounts of Zink (Zn) with an average of 411 – 1648µg/l compared to the
control 4.8µg/l (Table 1).
Table 1: Results from analyses performed on water samples collected from day 7 of the leakage procedure. The amount of
copper (Cu), zinc (Zn), tin (Sn) and lead (Pb) were measured. The controls 1-2 contained Askö water. The paints correspond
to Fabi, Mille Light (ML) and Hard racing superior (HRS). S1-S2 represents the test series and B1-B2 beaker values.

3.2 The Ceramium growth inhibition test
After one week of leakage all of the tested antifouling paints Fabi, Hard racing superior and
Mille Light had a growth inhibition effect on C. tenuicorne (Figure 1-5).The data suggest that
there is a difference in average effective concentration between the paint series.
3.2.1 Hard racing superior
The first series (S1) with the reference paint; Hard racing superior expressed notable values.
The paint gave clear results with almost 100% growth inhibition in every dilution factor
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(Figure 1). The REGTOX program could not calculate EC50 values since every alga, except
the controls, have experienced almost complete growth inhibition. In the second series (S2),
with higher dilution, EC50 values could be calculated to 0.0027%.
For the first tested series (S1), there was a significant difference between all tested
concentrations, including the lowest concentration, and controls (P≤ 0.001). Two
concentrations in the second series (S2), 0.001% and 0.002% with B1 expressed nonsignificant differences with P= 0.132 and P= 0.139 respectively. For the other concentrations
there was significant difference (P≤ 0.001 – 0.01). In the same series with B2, non-significant
values (P≤ 0.051 – 0.25) were obtained from five concentrations (0.001, 0.004, 0.016, 0.025
and 0.048%). The four remaining concentrations expressed significance with P≤ 0.01.

Growth (mm)

Hard Race superior S1 ‐ Average ± SE
2,5
2
1,5
1
0,5
0
0

0,1 0,25 0,5

1

2

4

8

12

20

Concentra0on % Leakage water
B1 B2

Figure 1:Mean relative growth of Ceramium tenuicorne clones exposed to Hard racing superior, in water leakage
concentration 0 (control), 0.1 0.25, 0.5, 1, 2, 4, 8, 12 and 20%. Error bars show standard error.

100,0%
Growth inhibi0on

Growth (mm)

4

Hard Race superior S2 ‐ Average ±
SE

3
2
1

Hard race superior S2 ‐Normalized
growth inhibi0on

80,0%
60,0%
40,0%
20,0%
0,0%

0

Concentra0on % Leakage water
B1 B2

Concentra0on % Leakage water
B1
B2

a)

b)

Figure 2: a) Mean relative growth and b) normalized growth inhibition of Ceramium tenuicorne clones exposed to Hard
racing superior, in water leakage concentration 0 (control), 000.1 0.002, 0.004, 0.008, 0.016, 0.025, 0.048, 0.08 and 0.1%.
Error bars show standard error.
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3.2.2 Fabi
There was a clear growth inhibition effect due to the copper-based Fabi on all tested series.
The REGTOX-data involving Fabi show a small difference in average effective concentration
between B1 (EC50=0.13%) and B2 (EC50=0.32%).
There was a slight but non-significant difference between the concentrations 0.5 and 0.1% and
controls in B2 with P= 0.08 and P= 0.1 respectively. For the remaining concentrations in both
beakers significant values were expressed (P≤ 0.001 – 0.01).
Fabi ‐ Average ± SE
100,0%

2,5

Growth inhibi0on

Growth (mm)

3
2
1,5
1
0,5

Fabi ‐ Normalized growth
inhibi0on

80,0%
60,0%
40,0%
20,0%
0,0%

0
0

0,1 0,3 0,5 1 1,5 3
6
8
Concentra0on % Leakage water

B1

a)

0 0,1 0,3 0,5 1 1,5 3

10

6

8

10

Concentra0on % Leakage water

B1

B2

B2

b)

Figure 3:a) Mean relative growth and b) normalized growth inhibition of C. tenuicorne clones exposed to Mille Light, in
water leakage concentration 0 (control), 0.1 0.3, 0.5, 1, 1.5, 3, 6, 8 and 10%. Error bars show standard error.

3.2.3 Mille Light
Mille Light, in the first series (S1) exposed a decline in growth for B1 at 0.2% dilution.
Almost complete growth inhibition can be seen in the highest concentration values (100%
leakage water). All algae in B2, including the controls, had grown to a much less extent than
in all other series (mean growth ± 0.12 mm). Since the test demand a certain amount of
growth the alga in B2 failed and is thus not included. The same beaker, in S2, gave better
results with lower standard errors. The EC50 varies between 3.86% and 1.13%, which
indicates a negative effect on growth for the studied alga.
For the first tested series (S1), there was a significant difference between all tested
concentrations, including the lowest concentration, and controls (P≤ 0.01). For the second
series (S2) non-significant values could be obtained from the concentrations, 0.1, 0.5, 1, 2 and
3.2% from both beakers respectively (P= 0.08 – 0.3). The other concentrations showed
significant values (P≤ 0.01).
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Growth (mm)

2
1

0
0

0,2 0,8 1,6 3,2 6,4 12,5 25 50 100
Concentra0on % Leakage water
B2

Growth inhibi0on

Mille Light S1 ‐Average ± SE

3

a)

Mille Light S1 ‐ Normalized growth
inhibi0on
100,0%
50,0%
0,0%
0 0,2 0,8 1,6 3,2 6,4 12,5 25 50 100
Concentra0on
B2% Leakage water

b)

Figure 4:a) Mean relative growth and b) growth inhibition of C. tenuicorneclones exposed to Mille Light, in water leakage
concentration 0 (control), 0.1 0.25, 0.5, 1, 2, 3.2, 6.4, 12.5 and 25%. Error bars show standard error.

Mille Light S2 ‐ Average ± SE

2,0
1,0
0,0
0

0,1 0,25 0,5 1 2 3,2 6,4 12,5 25
Concentra0on % Leakage water
B1
B2

Growth inhibi0on %

Growth (mm)

3,0

a)

100,0%

Mille Light S2 ‐ Normalized growth
inhibi0on

50,0%
0,0%
0 0,1 0,25 0,5 1 2 3,2 6,4 12,5 25
Concentra0on % Leakage water
B1 B2

b)

Figure 5: a) Mean relative growth and b) normalized growth inhibition of C. tenuicorne clones exposed to Mille Light, in
water leakage concentration 0 (control), 0.1 0.25, 0.5, 1, 2, 3.2, 6.4, 12.5 and 25%. Error bars show standard error.

3.3 Median effective concentrations
Median effective concentrations calculated by REGTOX expressed in percentage of leakage water and as
concentration of the four analysed metals are found in Table 2 and 3, respectively.
Table 2: Median Effective Concentration values (EC10 and EC50) of growth rate inhibition on the red alga C. tenuicorne
provided by REGTOX-EV6.xls. The dilution used for each series and paint is located beneath. B1-B2 represent beakers, x
were insufficient values could be obtained .See text for details.
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Table 3: Median effective concentration (EC10 and EC50) expressed as concentration (µg/l) of copper (Cu), zinc (Zn), tin
(Sn) and lead (Pb). S1-S2 represents the test series, B1-B2 beaker and x were insufficient values could be obtained. The
paints correspond to Fabi Mille Light (ML) and Hard racing superior (HRS).

4. Discussion
Since the Baltic Sea is sensitive to pollution in a higher extent than other oceans the recent
restrictions on antifouling paints involving both TBT and copper on the east coast was to
reduce the discharge of toxic substances and stress to the aquatic environment. The ban
required that new non-toxic alternatives could be released on the market for boat owners to
use instead of traditional paints, containing harmful substances. The council of Europe states
that one of the main demands on biocide-free antifouling paints is to provide negligible
adverse effects during occupational use, for consumers and for the aquatic environment
(Council of Europe, 1996). This is not an easy task considering that alternatives have to
compete with long lasting, highly efficient and well-priced paints but also perform similar
results (Löschau, 2005).
In this study, all of the investigated paints appear to have a negative effect on growth on the
tested macro algae. The response varied between the studied paints, but with EC50 values
ranging between 3.86–0.0027% all three are leaking substances in concentrations high enough
to be harmful to C. tenuicorne. The toxicity of the various paints are in the following order,
Hard racing superior > Fabi > Mille Light. It is possible that the toxicity between paints
respective beakers could depend on other substances not analysed in this study.
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The reference paint, Hard racing superior, containing a combination of Tributyltin and copper,
was the most toxic. Negative effects from TBT on aquatic organisms have been
acknowledged for decades. Studies have showed that both periphyton community
photosynthesis and reproduction of the green algae Scenedesmums vacuolatusonly were
sensitive, and only 59nM TBT and 215nM TBT respectively, were needed for a toxic
response (Arrhenius et al, 2006).This study verifies that with an EC50 value of 0.007 µg/l TBT
very low amount of doses are needed to establish a growth inhibition effect. Despite current
restriction a recent study indicates that the substance still can cause problems especially in
areas close to harbours. Data collected from sediment provide evidence that despite a 19-years
old ban TBT is still being released into the environment. Since the analysis revealed very high
concentrations in sediment situated beneath a boat washer (63 000 µg/kg DW) the source
probably arrive from old layers being scrubbed off when cleaned (Eklund et al, 2008).
The result from Fabi “3959” also indicates high toxicity (EC50 = 0.13-0.32%). This was
expected since many studies have documented similar effect on algae for copper (Eklund,
2004;Sandberg 2009).As seen in Table 3 only 1.1µg/l Cu is required to obtained the EC50
value. The metal content in one Swedish harbour, Bullandö Marina, was estimated for copper
to be 1.52µg/l at the start of the season when boats are launched, to rise after a few months
to6.62µg/l as highest value (Kemi, 2004) This indicates that areas with high boat density, with
vessels applied with copper-based paints, may express a direct negative effect on the algae. A
notable observation in the present study is that the algae, including controls, in Fabi B2, seem
to have grown much less than in any other set. Even though the condition where
recommended for macro algae (Eklund and Ek, 2004) they might still have been stressed by
other factors that inhibit growth. The reasons for this trend might be light intensity, pH,
temperature, salinity or failed acclimatization from the macro alga. However, even though the
algae in B2 have grown less the result still indicate a similar trend in growth inhibition as seen
with B1. This is further elucidated when observing Figure 3a and b.
Surprisingly the result from the biocide-free antifouling paint Mille Light indicates a
significant decrease on growth. Since the declaration of content on the paint jar label is
insufficient, we can only speculate what the growth inhibition response acts upon. Previous
studies involving physical eroding paints have shown that many of them are leaking high
concentrations of zinc. The analyses on heavy metal traces from the investigated paint water
revealed a leakage concentration of zinc approximately 90 times higher than the control
(mean average 411µg/l Zn) (Table 1). The content represents high values especially when
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compared with data gathered from one marina where the zinc concentrations were estimated
around 2.73µg/l to 20µg/l as highest (Kemi, 2004).The effect of Zn on growth on C.
tenuicorne has been established to be around 20-33 µg/l in sea water with 7‰ salinity
(Eklund, 2005). The result is, although lower, still similar in this article (Mean average EC50=
15µg/l Zn (± SE 6.3)).Therefore it is also possible that other substances leaking from the paint
could have contributed to or increased the toxic effect.
Also, it is important to remember that more evaluations need to be considered when
establishing the toxic effect on environment from a substance. Fate, occurrence and
persistence are all important factors. A substance harmful to certain organisms will be more
toxic if it is also very persistent and bio-available than one easily degradable. According to
the free ion activity model the toxicity of a substance is related to the divalent ion of the
metal. In water with high salinity, more cations can form inorganic complexes and become
non-available for organisms’ uptake (Di Toro et al, 2001). Hence, both zinc and copper
toxicity increase in environments with less saline water. Therefore, antifouling paints used in
the Baltic Sea, especially along the northern boarders, would be more harmful and regulations
involving use of paints on west and east coast are therefore essential for a better preservation
on aquatic environments. From 2001, copper-based paints are not allowed to be applied on
boats running on the Swedish east coast (kemi.se). However, the company “International” has
recently reintroduced paints containing copper; including this article studied Fabi “3959”, on
the east coast market. The explanation behind this decision is that the law only forbids using
these paints but there is no prohibition on selling them. The producers claim that it is the boat
owners’ responsibility to use an authorized product (DN, 2009). Since there are no controls,
forbidden paints can easily be applied and used in sensitive areas. Also boat owners are
allowed to launch their newly painted boats in east coast-marinas if they are mainly going to
run it on the west coast.
Paint customers on the east coast that follow the regulations have to use alternatives.
However, this study shows that the paint labelled biocide-free is in fact harmful to one
common non-target specie in the Baltic Sea. Even though the paint should not contain any
known biocides it seems the paint still leaks harmful substances. Apart from biocides,
antifouling paints generally also need to contain binders, solvent and preservatives, which all
by themselves can give a toxic response. With present regulation, manufactures do not need to
inform about the content, just merely how the customer should manage the product correctly.
If the product does not contain substances with the purpose of affecting living organisms the
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manufactures only need to register it at the Swedish chemical inspectorate (KIFS, 2004). This
is a loophole that needs further investigation. Also better antifouling strategies need to be
developed.
However, there are some environmentally friendly methods, which will have the same effects
as if the hulls were applied with toxic biocide-based paintings. One such method is to use a
boat-wash that simply brushes off fouling organisms, such as barnacles, from the hull. The
process is similar to a regular car wash. This manual method can effectively remove larvae a
couple of weeks after attachment while they are still small. By following this procedure 2-3
times a season, boat owners do not need to use antifouling paints at all and will have the same
effect as if the vessels were applied with toxic biocide-based paintings. Another simple
method is to transport the boat to a fresh-water area. The barnacles cannot handle the new
conditions and will let go of the hull. In general boats only used in fresh-water does not suffer
from heavy fouling problems that might occur more often in more saline water e.g. Swedish
West coast (Miljönämnden I Helsingborg, 2008; hrs.se, 2009)
It is also worth noting that physical paints that function by giving a smooth and easily
cleansed surface, such as silicon, seem to be less harmful than eroding paints (Eklund, 2004).
A disadvantage is that they are intended for large ships and not small pleasure boats. This
makes the process of application complicated since the paint requires many coatings on the
vessel.
The data gathered in this study imply that the current distinction between biocide-based paints
and physically working is inadequate. Toxic substances may be leaking from biocide-free
paints as well and in high-density boat areas non-target species such as C. tenuicorne might
be negatively affected. A more intensified control regarding physical fouling paints has to be
established. The results from this study suggest that more ecotoxicological information needs
to be collected from mixtures and substances, regardless the intended mode of action, e.g.
chemically or physically, before new products reach the market.
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5. Conclusion
Although having different modes of action all of the investigated antifouling paints were
harmful to the red macro alga C. tenuicorne and consequently potentially harmful to the
Baltic Sea environment. Notably the study shows that new biocide-free paints available on the
market can cause a direct negative effect to non-target species. Also, since macro algae
provide a range of other functions such as foraging and shelter for marine organisms, the paint
will cause an indirect effect on the Baltic Sea ecosystem. By using growth inhibition test it
became evident that with EC50 values of 1.13% and 3.84% the biocide-free paint Mille Light
in fact is destructive to the environment. One reason for the problem is the current legislation,
which proclaims that physically working paints do not need to inform the content of the
product.
Also, the test indicates that paints with copper (I) oxide as active component are very harmful
to one non-target species and can cause serious impact if not utilized carefully. This may be of
extra importance in the Baltic Sea area, where the limited water exchange allows pollutants to
persist for a long time. Regulations involving a Swedish east respective west coast are
therefore essential. The notable high growth inhibition with the reference paint Hard racing
superior, as well has other tests involving the substance, clearly demonstrate that the
prohibition of Tributyltin was a crucial step in the right direction. However, old layers of paint
on vessels releasing the substance may pose a serious ecological problem, especially around
marinas where higher concentrations have been detected.
At present the current legislation is insufficient and it is suggested that before new products
are released into the market more information about potential ecotoxicological effects needs
to be gathered also for biocide-free antifouling paints.
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