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Executive Summary

A review of available literature produced since 2000 on the presence and impact of organotins, predominantly tributyltin, in the marine environment has been undertaken. The review highlights four main themes:

· That Shipping lanes and areas of heavy usage from larger vessels still remain a great concern in the context of the contamination and impacts of organotin emanating from anti-fouling systems.

· That marine sediments represent a significant reservoir for tributyltin contamination to these and other areas, and that this has given rise, or will give rise, to persistence of contamination for many years to come. 

· That other environmental parameters need to be addressed outside of the present concern about sources in order to maintain or create a tributyltin free environment.

· That concerns over the disposal of tributyltin contaminated waste, from dredged material discharges in addition to hull cleaning activities, may prove crucial to the ongoing improvement in levels of contamination as these sources are deemed to be a long lasting but at present latent source of TBT.

Introduction

The International Convention on the Control of Harmful Anti-Fouling Systems (AFS) on Ships, which calls for a global prohibition on the use of organotins, such as tributyltin, metabolites dibutyl and monobutyltin, and triphenyltin (TBT, DBT, MBT, TPT), as active biocides in antifouling paints, still awaits ratification. As of April 2004, only 8 member states, representing less than 10% of the world’s merchant shipping tonnage have signed up to the Convention, requiring the signatures of at least another 17 states accounting for over 15% of tonnage before adoption (IMO, 2004).

TBT has been used with considerable success to reduce biofouling on ships’ hulls. However, the mechanism by which this active biocide moves from the hull paint into the environment, by a slow ‘leaching’, and the mechanism of sub lethal toxicity, has resulted in non-target organisms being severely impacted. These effects include shell thickening in oysters and imposex in gastropod molluscs. This latter problem causes male sexual characteristics to occur in female organisms, thus leading to a radical shift in the reproductive ability of the population (Evans et al., 2000a). Other effects such as disturbances in the osmoregulatory system in fish (Hartl et al., 2000), the impact on coral communities (Negri et al., 2002, Smith et al., 2003), and the suppression of immune systems in mussels (St-Jean et al., 2002) have been identified, along with impacts upon sediment communities have such as decreases in foraminifera biomass, species density, and diversity (Dahllof et al., 2001). These effects remain and have been observed on a global scale with no marine ecosystem escaping, including both the Arctic (Strand and Asmund, 2003) and Antarctic (New Scientist, 2004).  

Before adoption and ratification of the Convention, the EU and a number of other states took it upon themselves to enforce regulations by which the use of TBT was banned on all vessels of less than 25m in length. However, until recently, this ban had not been extended into other countries that represent a significant proportion of the shipping community, nor was enforced on commercial vessels over 25m. A new amendment, banning the application of TBT anti-fouling systems on all vessels in all EU countries under the Marketing and Use Directive was adopted in 2003.  Additionally in 2003 the application of TBT anti-fouling systems was forbidden on ships entitled to fly the flags of EU member states (where ever they are in the world) and all ships with TBT on their hulls will not be permitted to enter EU ports and harbours from the 1/1/2008 (European Union, 2003).

However, recent studies in Antarctica revealed that TBT contamination ‘close to the maximum found anywhere except for ship breaking areas’ was probably the result of unrestricted TBT use on hull coatings for icebreakers in the area (New Scientist, 2004). Furthermore, a grounding on the Great Barrier Reef in 1999 grossly elevated TBT concentrations at the site (Haynes and Loong, 2002). This suggests that continued unregulated use of organotins may threaten our most fragile and undisturbed ecosystems.

This paper documents the current ‘state of the art’, with regard to present day contamination levels, in response to this uneven use of TBT. It highlights that, whilst the current situation generally represents a positive impact of current legislation in relation to specific areas of vessel usage, the need for vigilance and pressure for ratification is still very evident. Moreover, it suggests that a longer-term strategy may be required due to the contaminant sink represented by marine sediments, and that contextual issues do not allow a ‘one size fits all’ solution that might be inferred from some data. 

Review of current information

Table One outlines a number of current sources that describe contamination levels in seawater by TBT and/or other organotin compounds.  However, seawater is a transitory medium, and better indications of historical and new contamination may be achieved using sediment analysis. Alongside this information, a geographical location has been given in order to identify the situation in the context of organotin contamination.

Situation
Location
Source

Some improvement  possibly relating to already existing regulations on small craft
U.K./North Sea

Baltic/German Bight

Australia

Canada

Iceland

Greenland
(Evans et al., 2000b, Rees et al., 2001b, Thomas et al., 2001, Birchenough et al., 2002b, Birchenough et al., 2002a, De Wolf et al., 2004)
(Biselli et al., 2000)
(Rees et al., 2001a)
(Reitsema et al., 2002)
(Svavarsson, 2000)
(Jacobsen and Asmund, 2000)

No improvement 
Mediterranean coastal areas

German coast

Portuguese coast
(Axiak et al., 2000, Rilov et al., 2000, Michel et al., 2001, Barroso and Moreira, 2002, Diez et al., 2003, Terlizzi et al., 2004)
(Rudel et al., 2003)
(Santos et al, 2002)

Reported levels of contamination and associated effects still high
Singapore

Thailand

Israeli coast

Philippines

India

China

North Sea

Iberian West coast

Sicily (Italy)
(Basheer et al., 2002)
(Tanabe et al., 2000, Bech, 2002)
Rilov et al., 2000

(Tanabe et al., 2000)
(Tanabe et al., 2000)
(Jiang et al., 2001)
(ten Hallers-Tjabbes et al., 2003a)

(ten Hallers-Tjabbes et al., 2003b & Santos et al., 2004)

(ten Hallers-Tjabbes et al., 2003b)

Reported levels of improvement possibly relating to already existing regulations on small craft, but with significant spatial variability.
Bermuda/U.S.

German Bight/Skaggerak

Japan
(Connelly et al., 2001, Peachey, 2003)
(Ten Hallers-Tjabbes et al., 2003)
(Takeuchi et al., 2004)

Table 1. Recent organotin research across the world in the context of seawater contamination levels.

Geographical Variation and Legislation
Globally, there appears to be a dichotomy between more economically developed states who have felt able to adopt the present day ban on TBT based AFS, and often less economically developed states who have tended to not. This highlights the need for a “global level playing field” in the context of the as yet un-ratified AFS Convention and efficient enforcement of existing and proposed legislation.  However, the ban also extends to the use of TBT in aquaculture and fishing industries. Some authors have argued that ignoring this aspect of TBT usage could adversely impact upon human health, especially in areas where shellfish consumption is high. A recent study, by Belfroid et al. (2000), suggested that little data exist for TBT in foodstuffs. However, in over one third of all countries where data does exist, TBT levels were found that were greater than the Total Average Residue Level, which is the level in seafood that is tolerable for the average consumption in a 60kg person. Worryingly, this data came from many countries where the ban is in place, and outside of regions where seawater and sediment data would suggest high contamination. Moreover, many of these areas would exist alongside regions of high shellfish consumption, such as southeast Asia.

Champ (2000, and 2003) has argued that the low cost of so-called ‘free-association’ TBT in relation to alternatives, such as self polishing copolymer paints, which contain TBT but release it at a relatively slow rate, mean that TBT usage and contamination will prevail in less economically developed countries. Presumably, until a worldwide ban is in place, through the ratification of the AFS Convention, this practice will continue. However, whether this is an adequate reason for continued contamination of these areas, and a continued globalisation of the problem due to the worldwide nature of the shipping industry, even into areas where legislation is enforced, is a moot point.

Geographical Variations and Environmental Context

Suggestions that the environmental evidence would support claims for maintenance of the status quo concerning TBT usage appear to be at the best misplaced, and at the least rather parochial. Areas such as the United States, where the less than 25m ban is in place, report varied results (Connelly et al., 2001, Peachey, 2003), suggesting that the eradication of this source of contamination is not the complete answer. This inference is supported by the conflicting evidence from the German coastline (Biselli et al., 2000,  when compared with Rudel et al., 2003). Moreover, areas that are geographically closely related such as the German Bight and the Skagerrak have very different contamination levels, reflecting causes that may not be directly related to shipping density, but to environmental parameters that have, as yet, been ignored (Ten Hallers-Tjabbes et al., 2003). A fuller understanding of environmental dynamics, such as stratification of the water column, tidal characteristics, and the role of suspended sediments may well help throw more light upon the variability found within many marine environments.

Nowhere is this more in evident than in the Mediterranean. European states that have a coastal zone that extends into the Mediterranean Sea have reported no significant improvement in TBT levels in seawater. Moreover, in a number of studies, the presence of TBT, rather than its metabolites DBT and MBT, suggests that the use of TBT is still prevalent in the area. This may be through illegal usage, the impact of commercial or larger vessels, the flux of TBT from marine sediments, or the input from areas of the coast where states do not enforce a TBT ban. Certainly, this final aspect is supported from data from the Israeli coast (see Table 1). Moreover, the relative longevity of the problem, with respect to the time since the 25m ban was enforced in some areas, would suggest that the enclosed nature of the Mediterranean does not allow for contaminants to be diluted and dispersed, as they would be in areas such as the North East Atlantic. It might also suggest that large vessels were the major source of contamination all along. 

Similarly, areas where contamination is generally low show hot spots where water movements are restricted. These include enclosed basins (Connelly et al., 2001, Takeuchi et al., 2004) and harbours (e.g. Axiak et al., 2000, Rees et al., 2001a, Haynes and Loong, 2002, Diez et al., 2003, Strand and Asmund, 2003)
The development, therefore, of an argument against further legislation and the lack of ratification of the existing AFS instrument shows a short-sighted approach to the contamination issue. If environmental dynamics fail to be appreciated, any risk assessment based upon data from well-flushed, non-enclosed environments seems to be flawed and non transferable to less dynamic systems.

Highly Localised Acute Contamination

The studies above might suggest that the present ban on TBT on relatively small craft should shift the focus of contamination onto centres of high commercial shipping activity. However, a number of authors have suggested that TBT concentrations can also vary with practice within those areas. A number of authors report that in areas of moderate traffic, and in a dynamic environment, high TBT levels are still apparent. Moreover, these levels are greater than those of MBT and DBT, suggesting that recent inputs to the marine environment have occurred. In many of these cases, the activity of hull cleaning has been cited as a possible vector of contamination (Birchenough et al., 2002a, Marshall and Rajkumar, 2003).  Therefore, it should be argued that continued monitoring of the disposal of sand blasted hull material is vital in order to eradicate acute and small scale ‘hot spots’ of contamination (Champ, 2003), and that a full ratification of the Convention would address the issue of shipyards which inadequately manage dry dock waste. 

Other authors point to ship groundings as presenting a potentially acute and severe focus for contamination. Two groundings in the Great Barrier Reef area have been studied recently, showing gross contamination of the local environment due to the waste generated by a grounded hull (Haynes and Loong, 2002, Negri et al., 2002, Smith et al., 2003).

The accidental discharge of TBT into the environment cannot be avoided whilst marine accidents still occur. Since there will always be a risk of grounding, an eradication of TBT usage on all hulls is the only way to prevent such contamination occurring in these cases.

The Chronic Contamination Issue: Marine Sediments

As studies on seawater concentrations of TBT have often proved inconclusive due to the transitory nature of the medium, many studies have turned their attention to TBT contamination in sediments (e.g. Biselli et al., 2000, Nehring, 2000, Svavarsson, 2000, Maata and Koshy, 2001, Michel et al., 2001, Rees et al., 2001a, Diez et al., 2002, Haynes and Loong, 2002, Arambarri et al., 2003, Diez et al., 2003, Nogueira et al., 2003, Strand et al., 2003, Takeuchi et al., 2004). The majority of TBT in sediments comes from two sources; paint chippings, from hull cleaning activities, which become incorporated into the matrix, or direct adsorption from seawater onto the surfaces of sediment.

The adsorption of TBT onto sediment surfaces would also imply an eventual desorption, either into porewaters, where a diffusive flux can be set up between the relatively clean overlying seawater and the contaminated interstitial water, or directly back into the water column after disturbance. Such disturbances could be storms or other periods of increased turbulence, bioturbation from organisms associated with sediments or, in the context of ports and harbours, dredging events.  All these events have the potential to re-work the organotin sediment source making it bioavailable with associated impacts on a plethora of organisms including the potential for bioaccumulation and food chain effects.

The ‘capping’ of contaminated material by fresh sediment will often drive these lower sediments to anoxia. Degradation of material is often slower in these conditions. Since anoxic, or suboxic, conditions are relatively ubiquitous in coastal sediments, due to the high flux of sediment and organic material that drive initial oxygen utilisation and then prevent reoxygenation, it is clear that TBT levels in these sediments will remain high for a much longer time than has been found in seawater.

The contamination of sediment creates a twofold problem. Firstly, studies that have shown relative improvement in TBT contamination in seawater still show incidence of imposex in organisms such as dog whelk (Nucella lapillus). Since these organisms are predators, and feed on filter feeders, it has been suggested that much of the TBT, which causes imposex within these communities, is sediment derived (Birchenough et al., 2002b). Secondly, the environmental mobility of TBT and its metabolites through sediment/water interactions may create a long term, chronic exposure problem, and an issue when it comes to sediment management within commercial shipping areas.

Conclusion

TBT research over the last four years has taken two main forms. Firstly, it has sought to provide a temporal view of the effect that legislation banning TBT usage on small craft has had on the marine environment. Secondly, it has further explored the spatial variation within TBT contamination.

The main findings of reviewing this work suggest that in areas where the ban on the use of free association TBT paint on small craft is in place, there has been a significant improvement in seawater concentration of TBT, and a recovery in the populations of various studied species. However, these successes are environmentally controlled, whereby the hydrodynamics of the marine environment under study is key to the lessening of any impact from a supposed reduced source of TBT. Where environments are more sluggish, no real improvement has been seen.

In areas where the 25m ban is not in place, TBT contamination is still rife, and, many suggest, still dangerous. There is a suggestion amongst some authors that this geographical polarisation also represents an economic disparity whereby states that can least afford to give up TBT-based AFSs are the same states that can least afford the amelioration of any negative impacts due to TBT contamination. This further highlights the need for a “global level playing field” in the context of the as yet un-ratified AFS Convention and efficient enforcement of existing and proposed legislation.

Finally, research suggests that there are acute, local problems associated with the continued use of TBT, which may decrease as TBT-based AFSs are phased out. However, the possibility of acute contamination in areas of grounding and hull cleaning requires continued consideration. Secondly, many authors now feel that the marine sediment sink for TBT represents a potential source for chronic contamination of the marine environment for years to come.  In light of this, the source to sink pathway must be eliminated or at least minimised, hence rapid ratification of the AFS Convention must be undertaken in order to eliminate a major source of a chemical, which is still considered to be the most toxic chemical to be deliberately released into the marine environment representing an existing and tangible threat.
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