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Background

Reference is made to 

- para 4.31 of the Summary Record of the OSPAR Annual Meeting 1997

- the draft revised OSPAR Guidelines for the Management of Dredged Material at 

OSPAR 97/4/13-E

- SIME (2) 97/3/13-E, SIME (2) 97/3/13.Add.1-E(L) and summary record SIME(2) 97/12/1-E

- Norwegian State Pollution Monitoring Programme Report 693/97 (NIVA-3656-1997)

- CONSSO OCT 97/9/1 where it is stated that "the situation with regard to pollution from TBT is even more serious than documented earlier" and agreed that "North Sea states should address the issue of TBT at the OSPAR meeting in July 1998".
Action requested

SEBA is invited to take note of the attached information which indicates that sediment contamination in harbour basins and coastal areas may be the main source of biologically available TBT by desorption or active remobilisation out of sediments or leaching of small paint particles in the neighbourhood of dockyards. TBT is not biodegradable and accumulates in the sediments from which it can be released to the environment for 20 years or longer. Due to different origin (eg. use in marinas/on pleasure boats and yachts until the EU wide phase-out in 1989, losses from shipyards etc), TBT levels do not necessarily correlate with levels of heavy metals and organohalogens from the river catchment that are trapped and deposited in harbour and estuarine sediments. Therefore, TBT contamination in sediments to be considered and/or permitted for disposal as dredged spoil often reaches unacceptable levels that are known to induce endocrine disruption in marine invertebrates such as imposex effects in gastropods. 

Beyond the evidence of increasing TBT contamination of offshore areas caused by sea-going vessels (cf. SIME 97/6/NGO.1-E) and beyond the urgent need to phase out the use of TBT antifouling paints on ships hulls longer than 25 m, there is serious concern that the current practice of legal dumping of dredged spoil may introduce large quantities of toxic TBT into the maritime area. This would not comply with the provisions of OSPAR and contradict the Precautionary Principle. To prevent further remobilization of TBT, mandatory testing of the content of triorganotin compounds in dredged material is urgently required.

WWF calls upon OSPAR and Contracting Parties to amend the Technical Annex I to the draft OSPAR Guidelines for the Management of Dregded Material by upgrading organotin compounds from the secondary group of determinants to be measured "based upon local information of contamination or historic inputs" into the primary group of determinants to be measured " in all cases where chemical analysis is required".

* Compiled by WWF Germany in cooperation with LimnoMar, Laboratory for Freshwater / Marine Research and Comparative Pathology, Hamburg. 
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- ABSTRACT -

Since several years, restrictions of the use of TBT on pleasure boats are valid in the EU. Nevertheless the expected decline in biological effects like the imposex phenomenon and intersexuality in snails, as well as shell deformations in oysters remained restricted to selected coastal areas of Europe. In soft bottom coastal areas the decrease of TBT-associated phenomena was negligible. Along the German North Sea an Baltic coast, high concentrations of TBT in sediments and the remobilisation by desorption turned out to be an essential source of contamination. Hot spots in marinas (up to 20.000 µg/kg TBT) and commercial harbours were identified. Imposex and intersex phenomena are still present in Hydrobia ulvae and Littorina littorea. Sediment burden of 20 µg/kg TBT were found to be sufficient to induce first effects. Comparison of sediment burden and NOECs for snails and mussels gives rise to concern for future practice in dredging and disposal of TBT-contaminated sediments. 
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Introduction

Tributyl tin compounds such as tributyltinoxide (TBTO), tributyltinchloride (TBTCL) (general: TBT) are extremely toxic substances belonging to the organo-tin group. TBT is used mainly in antifouling paints for ship-hulls to inhibit growth of algae, barnacles or mussels, which are killed upon contact with the paint. In addition, TBT is used as a catalyst or as a stabilizer in the production of plastics like formica as well as a biocide in wood preservatives, and for the conservation of out-door textiles.

TBT is released from the antifouling paint into water due to the low water-solubility, the TBT-compounds are rapidly adsorbed to suspended matter and deposit. At the sea bottom they accumulate in the sediments. The active substance TBT is highly toxic and also damaging to a multitude of non target species. Numerous bottom-dwelling organisms such as snails and mussels  take up TBT via their food or the contact with water and sediments. The compound accumulates in their tissues and causes damage such as shell deformation or inhibition of larval release (Alzieu et al., 1989). Reductions  of the Pacific oyster Crassostrea gigas were already observed in French oyster banks in the 80’s. Damage to native populations in German waters has also become evident: new investigations have revealed serious impairments in the reproductive systems of certain snail species occurring in the North Sea and the Baltic (Stroben et al. 1993; Brumm-Scholz et al. 1994; Michaelis, 1996; Oehlmann et al. 1996; Ide et al., 1997). The previously frequently occurring common whelk ( Buccinum undatum) has become rare. In the case of Hydrobia ulvae TBT causes formation of superimposed male sex organs,(imposex) and in the periwinkle Littorina littorea it causes a reduction of the secondary female organs and their reversal into male organs. The gonads are disturbed in the reproductive cycle but remain female  (intersexuality). These morphological abnormalities lead to sterility in the organisms and are evidently caused by TBT contamination. The endocrine effect of TBT is caused by the blockage of the estrogen- and an increase in testosterone production (Oehlmann, 1994).  Disturbances in development and reproduction have also been observed in other snail species such as the dog whelk Nucella lapillus and  Hinia reticulata. Both react very sensitive to TBT concentrations. Histopathological changes due to TBT contamination have also been detected in fish, particularly in the sensitive larval stages. Some crustacea react with a diminished capability  of tissue repair (Anonymous, 1994).

The EC  banned  TBT-containing paints  for ships below 25 m  EC in 1989, due to the evidence of their extremely hazardous nature (EC Directive 76/769/EEC). As the most severe effects occurred in the neighbourhood of marinas and in coastal areas, further application and introduction via pleasure craft should be stopped. Untill today high concentrations of organotin compounds are still found in the sediments of areas highly frequented by shipping, such as harbours and shipping routes, as well as in marinas. Tributyl tin is highly persistent in anaerobic  sediment layers, from which it can diffuse back into the water over a timespan of 10 to 20 years. Any sediment movement amplifies the remobilization. Bottom-dwelling organisms in particular are exposed to this contamination, hitherto unederestimated in its effects.

In spite of the knowledge of contamination, only few guidelines for the treatment of TBT contaminated sediment have been adopted to date. In the following pages, the TBT concentrations in coastal and harbour sediments and the effects of this hazardous substance on Hydrobia ulvae and Littorina littorea in the North Sea and the Baltic are presented.

TBT contamination in the sediments of harbours and coastal areas of the German North Sea and Baltic 

The data on TBT-contaminated sediments  and their effects were investigated in the research project ‘Survey of morphopathological and histopathological effects of organotin compounds on marine molluscs and determination of their use in future biological effects monitoring’ funded by the German Federal Environmental Agency (UBA) (Oehlmann et al. 1996; Kalbfus et al. 1996). Throughout the years 1994 and 1995, up to 3 sediment samples were collected at 19 sampling sites on the German North Sea and Baltic coasts, and their TBT concentrations measured (µg per kg).

Tab.1:TBT-concentration of the sediment samples in micrograms per kilogram 
(µg/kg) dry weight in 1994 (YH: Marina; H: Commercial harbour; A: Reference site; n. d.: no data)


April
June/July
Sept./Oct.

 North Sea coast

 Lower Saxony 
 Emden / Knock (A)
750
300
450

 Westermarsch (A)
120
73
50

 Norddeich (YH)
1100
810
610

 Dornumer / Accumersiel (YH)
4100
500
1350

 Neuharlingersiel (mole)
n. d.
610
5400

 North Sea coast

 Schleswig-Holstein 
 Meldorf (YH)
20000
910
2500

 Büsum (YH)
750
3200
1100

 Husum (H)
4300
5100
600

 Südwesthörn (H)
100
93
170

 Baltic coast

 Schleswig-Holstein  

 Glücksburg (YH)
26000
5900
35000

 Eckernförde (YH)
8300
1800
5700

 Kiel / Schilksee (YH)
470000
n. d.
110000

 Grömitz (YH)
31000
13000
4300

 Baltic coast

 Mecklenburg-

 Vorpommeranian 
 Boiensdorf (A)
25
55
10

 Rügen, Lohme (A)
22
n. d.
n. d.

 Warnemünde (YH)
2500
980
160

 Stralsund (YH)
3300
4200
1800

 Wiek near Greifswald (H)
1300
1200
1000

The samplings stations were mainly in harbours, where a higher TBT contamination of the sediments is to be expected due to ship and boat traffic, but also reference areas far from harbours (e.g. Boiensdorf). Along with shipping, construction and ship-yard activities influencing the sea bottom are of  importance for the degree of contamination.

The data of 1994 elucidated that in comparison to sampling stations, investigated previously in 1989, the decline of TBT-concentrations in sediments was far slighter as expected (Kalbfus et al. 1990; Jantzen & Wilken, 1991)

Effects on Hydrobia ulvae and Littorina littorea
At the same sampling sites and at the same times, specimens were collected of  Hydrobia ulvae and Littorina littorea. The  periwinkle is frequent in the North Sea. In the Baltic, occurrence is limited by decreasing salinities, so that it is not found east of the Darßer Schwelle (near Rostock). Hydrobia is frequent in the Baltic but also occurs in the North Sea. In the laboratory, the collected individuals were examined morphometrically, histologically and by scanning electron microscope, and their reproductive capacities were determined. The two following tables demonstrate the extent to which reproductive impairments and sexual changes occurred in the two snail species. Table 2 shows the percentage of sterile females in Littorina at each sampling site. Sterility stands here for the final stage of developmental disturbances and can lead to population changes up to extinction of the species. Sterility, however, is a final stage of the complex effects of TBT. Even the first changes in the sexual systems can also affect reproduction. Table 3 shows the percentage of  Hydrobia with morphological changes in the reproductive system on the basis of imposex-incidence.  The term imposex-incidence is used to designate the changes in the genital tract, including the first signs of change, e.g. the formation of male sex organs in females. In Hydrobia, sterility does not necessarily stands at the end of a progression of sexual changes, as is the case for the periwinkle, but can occur as the first sign of deformity. There are individuals which are capable of reproduction even in the last stage of deformity (Schulte-Oehlmann, 1997).

Tab. 2:  Sterile female periwinkle Littorina  littorea (%) in 1994


( YH: Marina; H: Commercial harbour; A: Reference site; n. d.: no data)


April
June/July
Sept./Oct.

 North Sea coast

 Lower Saxony 
 Emden / Knock (A)
0.0
0.0
0.0

 Westermarsch (A)
0.0
0.0
0.0

 Norddeich (YH)
40.9
24.1
44.4

 Dornumer / Accumersiel (YH)
92.0
69.2
60.0

 Neuharlingersiel (mole)
n. d.
0.0
0.0

 North Sea coast

 Schleswig-Holstein  

 Meldorf (YH)
14.8
25.0
16.7

 Büsum (YH)
89.3
92.3
85.2

 Husum (H)
9.1
0.0
5.9

 Südwesthörn (H)
0.0
0.0
0.0

 Baltic coast

 Schleswig-Holstein  

 Boisendorf (A)
0.0
0.0
0.0

 Glücksburg (YH)
41.2
47.1
37.5

 Eckernförde (YH)
100.0
97.1
91.7

 Kiel / Schilksee (YH)
90.0
100.0
96.7

 Grömitz (YH)
94.4
96.8
100.0

Tab. 3:  Hydrobia ulvae with imposex incidence (%) in 1994 and 1995 (*)


( YH: Marina; H: Commercial harbour; A: Reference site; n. d.: no data)


April/May

June/July

Sept./Oct.

 North Sea coast 

 Lower Saxony 
 Neuharlingersiel (mole)
22.2
*
11.8

57.9

 Baltic coast 

 Schleswig-Holstein 

 Glücksburg (YH)
61.5
*
90.0
*
63.6

 Eckernförde (YH)
65.2
*
57.1
*
64.3

 Kiel / Schilksee (YH)
30.0
*
41.7
*
47.4

 Grömitz (YH)
100.0

31.3
*
33.3

 Baltic coast

 Mecklenburg-

 Vorpommeranian
 Boiensdorf (A)
0.0

0.0

60.0

 Rügen, Lohme (A)
0.0

n. d.

n. d.

 Warnemünde (YH)
10.7

6.3

7.1

 Stralsund (YH)
100.0

14.3

40.0

 Wiek near Greifswald (H)
100.0

100.0

50.0

It is conspicuous that in the highly TBT-contaminated marinas the proportion of sterile individuals of the periwinkle is significantly higher than in the less contaminated waters. The sediments of the four harbours with the highest frequency of sterile individuals (>90%) all have TBT-concentrations above 4100 µg/kg. In the waters far from the harbours, such as Boiensdorf or Westermarsch, there were no sterile snails. For Hydrobia, the relationship between the TBT-contamination of the sediments and the proportion of individuals with changes in the reproductive system was also significantly evident.  In the yacht harbours Wismar/Wendorf and Grömitz, high TBT-contaminations were measured in the sediments, and the proportion of Hydrobia with imposex incidence was over 80%. In Wiek near Greifswald and in Stralsund, deformities were found in all snails collected, although the contamination in the sampled sediments was lower than in the harbours mentioned above.This contradictory situation could have been caused by just performed dredging acitivities. 

Figure 1: Ratio of the number of sterile female Littorina  littorea in the samples to the TBT-contamination in the sediment (Oehlmann et al. 1996)
Figure 2: Ratio of imposex-incidence in Hydrobia ulvae to the TBT-contamination in the sediment (Oehlmann et al. 1996).

Figures 1 and 2 show that for both species there is a positive correlation between TBT-contamination in the sediment and sterility effects as well as imposex incidence. In order to make statistically significant statements, further laboratory tests and research are necessary. The steep rise in the curves in the low concentration range shows that Hydrobia reacts more sensitively in this range than does the periwinkle. It has to be emphasised that the increase in sterility, resp. imposex incidence starts at 10 and 20µg /kg TBT.

As mentioned above, TBT is capable of influencing the endocrine system by means of changes in the hormone level. Deformities and sex changes in snails are caused on the one hand by the constant stress of TBT in the environment and its accumulation in the tissues of the snails. On the other hand, so-called ‘windows of time’ short-term exposure to TBT-contamination during the transition to sexual maturity- can cause a "cascade" of changes which eventually lead to sterility, even if the TBT-contamination does not persist. Extremely low concentrations of contaminants can act as an initial impetus. The way in which the organism reacts is species-specific and has not been sufficiently investigated.

Up to now the biological effects of TBT were mostly associated with concentrations in the water column. The significance of desorption and remobilisation of TBT in sediments are getting now more attention.

Biological effects of sediments on other molluscs
Most important in this context are construction and maintenance measures for insuring the safety of shipping and the economic viability of harbours. In order to counteract the process of sedimentation and subsequent reduction in water depth, sediment is periodically removed from most harbours or relocated. The responsible authorities must give permission to these activities and decide where to dispose the sediment. 

Treating the highly contaminated sediments of the German North and Baltic Sea coast but also in fresh-water areas close to ports the crucial question is, what are the lowest TBT- concentration which  have an impact on marine organisms. This item is of particular interest in assessing the impact of dredging and the disposal of TBT-contaminated sediments. It is well known that mussels and snails react most sensitive towards TBT contamination. The effect of sediment contamination on molluscs does not only depend on the sensitivity of the species but as well on their type of nutrition, their contact with the sediment and the specific adsorption and desorption of TBT in the respective sediment (pH, salinity etc.) (Langston & Pope, 1995).

The marine snails living on the German coast and in the South of the North Sea partly live on hard substrate (rocks, bank reinforcements, groins, sheet pilings etc.). Examples are the periwinkle Littorina littorea, which is widely spread on shores as well as the dogwhelk Nucella lapillus which is particularly found on the rocky shore of the island Helgoland. Other gastropods as Hydrobia sp. and Hinia reticulata live on soft bottoms and are therefore in close contact with highly loaded fine grain-sized sediments.

Mussels such as the Pacific oyster Crassostrea gigas, the European flat oyster (Ostrea edulis), the blue mussel (Mytilus edulis) as well as Scrobicularia plana live in direct contact with the sediment and filtrate suspended matter from near-bottom-water. Blue mussels approximately filtrate 3 litres per hour, Crassostrea gigas filtrates up to 37 litres an hour.

Addditionally, molluscs are very sensitive to increased local sediment contamination due to their low mobility, short reproduction cycles and high rate of accumulation.

Several snail and mussel species found in marine and brackish waters on German shores are known to be TBT sensitive. Littorinid and Hydrobiid species are still present in dense populations. Hinia reticulata however was not seen since the 1960’s. This species suffers from  high rates of parasitation by trematodes on the North-Friesian coast, and it is assumed that the stock was decimated due to the effects of severe infestation (Lauckner,1980). In German coastal waters of the Baltic Sea Hinia reticulata was not reported since 1960  (Jagnow & Gosselck,1987). It is known, that Hinia reticulata reacts rather sensitive towards TBT contamination (Stroben et al. 1992). Which factors exactly contributed to its disappearance in German coastal waters has not been elucidated.

Buccinum undatum and Neptunea antiqua occur more off-shore. Living specimens of these two species are still found on the North-Friesian coast, however along the East-Friesian coast and in the Baltic only empty shells can be found. Neptunea antiqua was regularly found in the Kiel and Mecklenburg Bay until 1980. Since then it has disappeared and is scarce in other parts of the Baltic Sea as well. It could be shown for Buccinum and for Neptunea that these species react sensitive towards TBT (Ide et al. 1997). It is unclear whether the decrease of the population in the southern North Sea and the Baltic is associated with TBT- contamination or other factors. The occurrence of the dogwhelk (Nucella lapillus) is limited to a small population on the rocky shores of Helgoland which however is on the decline since decades. Collecting activities were made responsible for this decrease, however research on a small number of dogwhelks showed formation of male sexual organs as well as sterility (Oehlmann 1994).

Since the introduction for oyster production the Pacific oyster can be found in certain areas of the North-Friesian Wadden Sea around Sylt (Reise & Ruth, in preparation). In addition to that a recurrence of the flat oyster has been observed over the last few years. Both react sensitive to TBT contamination by shell deformation and growth disturbance. The blue mussel occur in dense populations along the German North Sea and partly Baltic Sea coast. The population of Scrobicularia plana showed a decline in the Southern North Sea over a period of several years which was suspected to be associated with TBT (Essink et al. 1991. Since 1996 Scrobicularia recovered and is present in higher densities (Michaelis, pers. comm.)

The lowest observed effect concentrations for TBT water concentrations in the relevant molluscs are as follows:

Littorina littorea (1.5 ng/l Oehlmann 1994).

Hydrobia ulvae (5-10 ng/l Schulte-Oehlmann et al. 1996).

Hinia reticulata (5 ng/l Stroben et al. 1992).

Buccinum undatum (> 10 ng/l, Mensink et al. 1996).

At the given concentrations a deformation of female sexual  organs towards the development of male  sexual organs (Imposex or Intersex) can be induced.

Shell deformations in adult Crassostrea gigas (5 ng/l, Anonymous, 1992).

Severe growth disturbance in adult individuals of  Ostrea edulis (60 ng/l, Anonymous, 1992).

Growth reduction in adult animals of Mytilus edulis (310 ng/l , Anonymous, 1992).

Absorption and desorption of TBT in sediments and their biological effects
Due to the high affinity of to suspended matter organo-tin compounds sedimentate and lead to much higher concentrations as in the water coloumn. The remobilisation of TBT from the sediment became apparent when after years of  the ban on TBT for pleasure boats, the water  concentrations did not decline at all sites. Up to now,  sediment contamination in harbours and in some coastal areas are the main source for biologically available TBT by desorption or active remobilisation.

Even in cases of sediment contamination of 100 µg/kg TBT in the sediment, water concentrations of more than 7,2 - 40 ng/l were measured. In cases of sediment contamination of  200 µg/kg TBT, water concentrations of 24 -72 ng/l were found (Langston & Pope, 1995). In the UK the Environmental Quality Standard of 2 ng/l is being exceeded in many harbours by the mobilisation of TBT from the sediment.

In the Bay of Arcachon where approx. 1.2  tons  of TBT are bound in the sediments (Ruiz et al. 1996), shell deformations in oysters still occur 10 years  after  the ban of  TBT containing paints. Mean sediment contamination of 37 µg/kg TBT causes shell deformation in 46% of the oysters, in another area of the bay with a sediment contamination of 12 µg/kg, shell deformation in occurs in 38% of the oysters (Sarradin et al., 1994).

Biological effects in other species caused by sediment contamination of TBT occur at following concentrations:

Detrimental effect on spat of Scrobicularia plana (300 µg/kg, Ruiz et al., 1994)

Intersex induction Littorina littorea (10 µg/kg, Bauer et al., 1996)

Imposex induction Hydrobia ulvae (50 µg/kg, Schulte-Oehlmann, 1997).

Toxic effects on meiobenthos (300 µg/kg, Austen & McEvoy, 1997)

In addition to the expected decrease of  biological effects in marinas an improvement was expected by the employment of regulations for TBT-applications and removal in dockyards. But even in these cases sediment contamination proved to be highly problematic. The removal of old paint layers is carried out in shipyards through sand-, grit- or waterblast procedures in which sand, granulate or water theoretically have to be recovered and filtrated.

The specific problem of TBT-contamination caused by the removal of TBT-containing antifouling paints in shipyards is that  TBT is still bound to small particles of the paint matrix. Where TBT is present as TBT-containing paint residue, the release of TBT to the water column would not be governed by water solubility, but by the leaching rate of TBT from the paint matrix (Page et al. 1996).

An experiment in which the maximal leaching rate of TBT in the sediment was investigated showed that an average of 1370 ng/l TBT was leached from a sediment which was contaminated with 3900 µg/kg TBT. This is 70 times greater than the UK environmental quality target of 20 ng/l and 700 times higher than the UK 2 ng/l environmental quality standard for sea water.

In general, the contamination of sediments with TBT is very high in  seaports with shipyard-activities. Since the employment of environmental regulations for German shipyards, paint removal and new applications are more and more carried out abroad, especially in Poland. Not only the lower costs but also less restrictive environmental legislation lead to a considerable increase of activities. Subsequently, TBT-values, which have been measured at the Polish coast in the Bay of Gdynia, are elevated (1800-2900 µg/kg TBT+DBT+MBT). The contamination of seafish with organotin compounds shows as well elevated values (14-455 µg/kg TBT+DBT+MBT) (Kannan & Falandysz, 1997). Based on the average daily fish consumption per capita by Poles of 50 g, the estimated daily intake of butyl tins is in the range of 0.77-20.8 µg/person. The upper value exceeds the tolerable daily intake (TDI) of 250 µg/kg dw/day. Correspondant values of 2.4-11.0 µg/kg TBT+DBT+MBT were found in human livers (cit. op.).

Handling and disposal of dredged spoils.

Dredged spoils can originate in national parks, federal shipping channels, federal harbours, state harbours or in private areas, and for each case different laws apply to their handling. Thus, either federal or state laws regarding nature protection, water, waste or building codes must be considered. Different authorities can be concerned with permits governing the handling of sediments and the further disposal of dredged spoils: water and shipping authorities, national park agencies, environmental protection agencies, state and county authorities etc.. The permit procedure is usually very complex and different from case to case.

 Possible means of disposal of harbour sediments:

 •
Relocation: Deposition of dredged spoils near the location of dredging.

 •
Dumping: Deposition of dredged spoils in a location other than the dredging site.

 •
Introduction in another body of water.

 •
Harrowing: Plowing the bottom in order to remobilize and relocate sediments during periods of strong currents.

 •
Mud pumping: Disposal of the dredged spoils at mud fields.

 •
Use: Direct use of the dredged spoils on the land or in a water body.

 •
Recycling: Processing of contaminated dredged spoils and subsequent use of the sediments. The highly contaminated remains are then disposed of appropriately  (Deposition).

 •
Deposition: On the land in specially designated areas.

Certain areas are selected for the dumping or pumping of dredged spoils In the coastal area of Lower Saxony, dredged spoils are used for maintenance purposes (Nieder-sächsisches Landesamt für Ökologie, 1997). The dumping sites are frequently near the Wadden Sea. A positive effect of  the reintroduction of sediments into the Wadden Sea ecosystem is avoidance of a loss in the sediment budget. The major proportion of the spoils are dredged in federal waterways, which are administered by the Water and Shipping Agencies of the German Federal Government, and in the industrial harbours.

Criteria for determining the deposition sites of dredging spoils are e.g. the amount dredged, the reasons for dredging (construction, maintenance or rehabilitation measures), the condition of the sediments (e.g. the grain size distribution) and the level of contamination. TBT has not been included in the substances which are to be monitored regulary, but has rather only been measured when there is a suspicion of contamination (Oslo and Paris Commissions, 1991). Considering the hazardous nature and the wide distribution of TBT, a correction of this state of affairs should be long overdue.

Some national and international examples for dealing with TBT-contaminated sediments 

Existing concepts for the treatment and handling of TBT-contaminated sediments and examples of other countries as well as results from working groups show that TBT must be taken seriously as a hazardous substance, and that guide values are extremely different.

Germany
In its recommendations for dealing with contaminated dredge spoils from the Elbe, the Water Quality Monitoring Board for the Elbe (ARGE Elbe) also used contaminant concentrations in sediments to classify water body quality (categories I-IV) (ARGE Elbe 1996a).

Table 4: Guide values for assessment of organo-tin contamination in dredged spoils and sediment of the Elbe region (Note: one microgram Sn per kilogram is equivalent to around 0.3 micrograms TBT per kilogram) (ARGE Elbe, 1996a).

environmental quality
I
I-II
II
II-III
III
III-IV
IV

organo-tin compounds (µ/kg)
n. n.
≤10
≤25
≤75
≤150
≤250
>250

According to this classification scheme around 70% of the sediments analysed in the UBA research project were in the last two categories III-IV and IV (more than 150 micrograms Sn per kilogram or more than 450 micrograms TBT per kilogram). The general goals for contamination of sediments correspond to category II (low anthropogenic contamination). Though this category is equivalent to the sediment threshold value of the Sewage Sludge Ordnance of 1992, its values are high enough to induce some  damaging effects in benthic organisms.

Hamburg Harbour has disposed of its contaminated dredged spoils exclusively on land for some time. Regular measurements of tributyltin compounds in harbour sediments reveal the harbour area to be in the categories II-III to IV according to the classification of the ARGE Elbe, the median lying in category III (ARGE Elbe, 1996b). The Hamburg concept provides that the dredged spoils are processed in the facility METHA II, going through stages of separation into sand and silt (Kröning, Rosenstock, 1989). The contaminated silt is then deposited at sites conforming to modern standards.

The Netherlands

At the International Symposium on Anti fouling Paints for Ocean-going Vessels, Den Haag, 1996, Joost Stronckhorst reported on the TBT-contamination of the Rotter-dam harbour and on the possibilities for disposal of contaminated harbour sediments (Stronkhorst, 1996). Based on ecotoxicological studies of the effects of TBT-contaminated sediments on organisms, he assumes that a TBT concentration above 500-1000 µg/kg dry weight (for sediments with a content of 5% organic matter) causes extreme harm to the marine environment. The proper consequences of this would be removal of all material with higher concentrations and disposal of it as "hazardous waste". A possibility would be deposition of the material in sealed off locations on land or in specially constructed lagoons, so-called "slufter". The amount of the material to be disposed of would lead to costs of around 0.3 to 1 million US $ per year (around 3 US $ per cubic meter), which are needed to remediate the harbour of Rotterdam.

Even according to the Dutch model for Rotterdam Harbour, most of the German harbour sediments tested in the frame of the research project lie above the permissible threshold concentrations for dumping in waters and must therefore be disposed of on land as hazardous waste.

USA

In 1989 the US-American Fish and Wildlife Service suggested guide values for TBT contamination in its Criteria for Protection of Nature Reserves and Human Health. In order to prevent hazards, the mean values of a marine sediment sample series should not exceed 1 microgram per kilogram after one hour or 7 micrograms per kilogram after four days.

In a review comparing the results of three programmes that are monitoring tributyltin in the aquatic environment in contrast to a decline in water concentrations of TBT, trends in a sediment contamination are inconsistently. In one survey mean values are around 250 µg/kg for harbours and marinas, whereas for ecological areas around 5 µg/kg (Russell et al. 1996). Even if the water concentrations were mostly below the EPA marine chronic water quality criterion of 10 ng/l, due to several investigations cited in this paper, harm to marine life cannot be excluded. Accordingly, in the contribution of the USA to the corresponding group of the IMO (MEPC 40/11) it is stated that it is impossible to determine that TBT is present at levels wich do not cause serious damage. The US administration believes that a Precautionary Approach must be applied to prevent further degradation of the marine environment.

Positions of Intergovernmental Fora and/or their Subsidiary Bodies
Oslo and Paris Commissions (OSPAR): To date, according to the relevant guidelines for dredged material under the Oslo and Paris Conventions for the Prevention of Marine Pollution, organotin compounds are only included in the group of substances to be measured when contamination is suspected (Oslo and/or Paris Commissions, 1991 & 1997 a). The inclusion of organotin compounds in the group of substances to be measured in any case is very important. This year, ecotoxicological criteria were agreed upon by the OSPAR Annual Meeting in Brussels for heavy metals, PCBs, PAHs, TBT and a few organochlorine pesticides in order to identify endangered areas and to designate certain priority substances (Oslo & Paris Commissions 1997 b). These set a preliminary guide value of 0.005-0.05 micrograms per kilogram for TBT. More highly contaminated regions are to be covered by monitoring programmes. Most of the shipping lanes of marine and coastal regions probably lie above these values. 

International Maritime Organisation (IMO): At present, the TBT contamination is being registered by the International Maritime Organisation (IMO, 1994). A world-wide agreement to ban antifouling paints containing TBT for all ships is supposed to be discussed after initiative by a TBT Correspondence Group and/or the North Sea States (NORTH SEA CONFERENCE 1995). IMO Marine Environmental Protection Committee (IMO MEPC) noted recently the need to develop measures aimed at a total ban on the use of TBT in antifouling coatings within 5 years and/or measures aimed at a total ban of the use of all persistent organic pollutants in antifouling coatings within 10 years, with a number of contracting parties eg. Norway calling for immediate development of alternative antifouling systems (IMO, 1997). The decisions of IMO are binding for the states and must be taken up in national laws. It should be urgent that a short-term ultimation be set for the use of TBT.

International Conference on the Protection of the North Sea (NSC): At the 3rd NSC (The Hague, 1990), it was already decided that TBT inputs must be reduced. At the 4th NSC (Esbjerg, 1995), a ban on antifouling paints containing TBT was discussed . The Ministers agreed "to take concerted action within IMO in order to ultimately phase out the use of TBT on all ships worldwide" (Esbjerg Declaration ED § 42 v & Annex 3 § 1.3.3, NORTH SEA CONFERENCE, 1995) and "if no adequate progress has been made before the end of 1997 within IMO", the Ministers agreed "to consider solutions based on the phasing out of the use of TBT on ships flying the North Sea States' flags trading exclusively within the North Sea area." (Esbjerg Declaration Annex 3 § 1.3.4; NORTH SEA CONFERENCE, 1995). In autumn 1997, the Committee of North Sea Senior Officials (CONSSO) concluded that "the situation with regard to pollution from TBT is even more serious than documented earlier. However, a potential unilateral ban on TBT by North Sea was once more postponed until November 1998 awaiting the outcome of the 42nd Meeting of IMO MEPC  and of the OSPAR Ministerial Meeting in July 1998 (NORTH SEA CONFERENCE, 1997).

Conclusions

To date, there is no binding nationwide threshold concentration for permissable levels of TBT in dredge spoils. 

The "Application of the Guidelines on Dredged Material of the Oslo and Helsinki Commissions in the Federal Water and Navigation Administration" represents the transformation of the dredged spoils guidelines of the Oslo-Paris Convention into German law. For TBT, threshold concentrations have not been set. Some individual Federal states of Germany have got concepts for dredged spoils in their legislation. However, with the exception of Hamburg, TBT is not among the substances to be routinely measured for the assessment of dredge spoils. At present, guide values are being reviewed by a working group of the Federal Ministry of the Environment together with the Federal Agency for Hydrology and a TBT threshold concentration binding for all Federal states should be established. 

In the "Sediment Quality Criteria (SQC)" for other contaminants submitted to OSPAR by Germany, guide values are not based on ecotoxicological findings but rather orient themselves on existing sediment concentrations in the Wadden Sea measured in the period 1982-1987 (Oslo and Paris Commissions, 1997c). It would be important to orient a future threshold concentration on the effects on marine organisms rather than on the existing levels of contamination. Taking into account the biological effect data given above, guide values for TBT contamination of sediments have to be as low as recommended by OSPAR (0.005 - 0.05 µg/kg) to avoid harm to marine organisms.

Consequently, most German harbours will not be able to dispose their harbour sediments any longer due to high level of contamination. As disposal of dredged spoils on land is very expensive, harbour administrators should have an elementary interest in a worldwide ban on TBT in antifouling paints. To insure that in a few years a similar problem will not come up in harbours under a new name, they should insist on preventing other toxic and/or persistent substances from being used as substitutes. This is especially true for the use of other pesticides. Although copper may be 1000 less toxic than TBT, it cannot be recommended as an alternative solution because it accumulates in the sediments as well.

 Summary

 •
High TBT contamination has been found in harbour areas of the German North Sea and the Baltic.

 •
TBT is not biodegradable and accumulates in the sediments from which it can be released to the environment for 20 years or longer.

 •
There is scientific evidence regarding the consequences of TBT contamination for several species of marine molluscs.

 •
Masculinisation of females and other reproductive disturbances are severe effects which can lead to the extinction of populations or even species. Marine molluscs are sensitive to extremely low concentrations of TBT. 

 •
Effects on humans at the end of the food chain cannot be excluded.

In order to prevent further harm from tributyltin compounds,  WWF calls for following:

According to the Precautionary Principle, further input of TBT compounds into the environment have to be avoided by a worldwide ban on the production, trade and application of organotin compounds.

Voluntary agreement on the phase out of the use of TBT in antifouling paints by the paint industry.

Amendment of the technical Annexes to the OSCOM Guidelines for the Management of Dregdged Material: upgrade of organotin compounds from the secondary group of determinants to be measured "based upon local information of contamination or historic inputs" towards the primary group of determinants to be measured " in all cases where chemical analysis is required."

Consistent monitoring of harbours, coastal regions and the open sea for TBT. 

Financial support for testing of alternative solutions for ships' hulls.

Rejection of other persistent and toxic substances such as copper and pesticides as TBT substitutes.

Exchange of information by means of working groups with scientists, politicians, industry and environmental NGOs.
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