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SAMENVATTING
Uit chemische en biologische waarnemingen in het Deltagebied, Rijn en 
Schelde estuarium en in het kustgebied van de Noordzee, gekoppeld aan resul
taten uit de literatuur, blijkt dat organotinverbindingen een ecologisch 
probleem veroorzaken in het milieu van de Nederlandse zoute wateren. Maatre
gelen worden voorgesteld.

Organotinverbindingen behoren tot een categorie stoffen die in Nederland 
weinig aandacht hebben gekregen. Zij vinden hun toepassing in: houtverduurza- 
mingsmiddelen, aangroeiwerende middelen, conserveringsmiddelen in verf, 
schimmelbestrijdings-middelen, Insectenbestrijdingsmiddelen, stabilisatoren 
in Polyvinylchloride en katalysatoren.
Ruim 500 ton komt jaarlijks direct en diffuus in het nederlandse milieu. 
Hiervan komt per jaar 85 ton in het zoute water. Indicatoren voor organotin 
effecten in het zoute water zijn de japanse oester en de purperslak. Bij 
extreem lage concentraties organotin (l*10“®gram per liter) treed al schelp- 
verdikking op bij de japanse oester en de vrouwelijke purperslak krijgt 
mannelijke geslachtskenmerken, een verschijnsel aangeduld met de term impo- 
sex.
In 1988 is door de DGW in samenwerking met de universlteit van Bordeaux een 
onderzoek gedaan naar het voorkomen en de effecten van organotin in de 
Nederlandse zoute wateren.
In de onderzochte havens en bij Vlissingen werd opgelost tribu-tyltin gevon
den: de concentratie lag tussen de 9.1 en 1650 nanogram per liter. Veldonder
zoek heeft aangetoond dat alle japanse oesters schelpafwijkingen vertonen in 
de Delta, waarbij de sterkste verdikkingen rond de jachthavens gevonden 
worden. Alle purperslakken in de Delta vertonen imposex, zodat op het moment 
van een steriele populatie gesproken kan worden.
In aansluiting op Internationale wetgevingen worden maatregelen ter voorko
ming van een verdere aantasting van het ecosysteem voorgesteld zoals: het 
verbod op het gebruik van organotin houdende verven op schepen kleiner dan 25 
meter en op alle permanente en semi-permanente opstellingen in het marine 
milieu. Het onderzoek naar vervangende aangroeiwerende verfsoorten moet 
aangemoedigd worden. Onderzoek naar de afbraak en de beschikbaarheid van 
tributyltin in de waterfase en in het sediment moet aangemoedigd worden.
In 1989 is het onderzoek naar het voorkomen van tributyltin voortgezet in een 
40-tal nederlandse havens.
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SAMENVATTING
Uit chemische en biologische waarnemingen in het Deltagebied, Rijn en 
Schelde estuarium en in het kustgebied van de Noordzee, gekoppeld aan resul
taten uit de literatuur, blijkt dat organotinverbindingen een ecologisch 
probleem veroorzaken in het milieu van de Nederlandse zoute wateren. Maatre
gelen worden voorgesteld.

Organotinverbindingen behoren tot een categorie stoffen die in Nederland 
weinig aandacht hebben gekregen. Zij vinden hun toepassing in; houtverduurza- 
mingsmiddelen, aangroeiwerende middelen, conserveringsmiddelen in verf, 
s ch immelbestrijdings-middelen, insectenbestrijdingsmiddelen, stabilisatoren 
in Polyvinylchloride en katalysatoren.
Ruim 500 ton komt jaarlijks direct en diffuus in het nederlandse milieu. 
Hiervan komt per jaar 85 ton in het zoute water. Indicatoren voor organotin 
effecten in het zoute water zijn de japanse oester en de purperslak. Bij 
extreem lage concentraties organotin (l*10“^gram per liter) treed al schelp- 
verdikking op bij de japanse oester en de vrouwelijke purperslak krijgt 
mannelijke geslachtskenmerken, een verschijnsel aangeduid met de term impo- 
sex.
In 1988 is door de DGW in samenwerking met de universiteit van Bordeaux een 
onderzoek gedaan naar het voorkomen en de effecten van organotin in de 
Nederlandse zoute wateren.
In de onderzochte havens en bij Vlissingen werd opgelost tribu-tyltin gevon
den; de concentratie lag tussen de 9.1 en 1650 nanograra per liter. Veldonder
zoek heeft aangetoond dat alle japanse oesters schelpafwijkingen vertonen in 
de Delta, waarbij de sterkste verdikkingen rond de jachthavens gevonden 
worden. Alle purperslakken in de Delta vertonen Iraposex, zodat op het moment 
van een steriele populatie gesproken kan worden.
In aansluiting op internationale wetgevingen worden maatregelen ter voorko
ming van een verdere aantasting van het ecosysteem voorgesteld zoals: het 
verbod op het gebruik van organotin houdende verven op schepen kleiner dan 25 
meter en op alle permanente en semi-permanente opstellingen in het marine 
milieu. Het onderzoek naar vervangende aangroeiwerende verfsoorten moet 
aangemoedigd worden. Onderzoek naar de afbraak en de beschikbaarheid van 
tributyltin in de waterfase en in het sediment moet aangemoedigd worden.
In 1989 is het onderzoek naar het voorkomen van tributyltin voortgezet in een 
40-tal nederlandse havens.
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INTRODUCTION

The fouling of ships is a problem of worldwide importance. Fouling slows down 

the vessel and leads to higher fuel consumption. In the last ten years anti- 

fouling paints containing organotin compounds have been increasingly used to 

treat hulls to prevent fouling. These organotin compounds (usually tributyl

tin) not only discourage a wide spectrum of marine organisms from settling on 

the hull, but also adversely affect many organisms in the surrounding seawa

ter. Therefore, concern is growing about the environmental threat they pose. 
?

Figure 1'shows the sources of tributyltin in the aquatic environment and the 

fate of these compounds.

At the moment little is known about the relative contribution of these diffe

rent sources of tributyltin compounds (TBT) to the concentration in the 

receiving water. Furthermore, the processes of their degradation and accumu

lation are also poorly understood (UNEP, 1988).

Yet, over 30 years ago, in the introduction to their three-volume work on 

research on organotin, van der Kerk and Luyten (1954) stated that "... among 

all organometallic compounds organotin compounds belong to the best studied 

in every aspect: chemistry, physical properties, applications and biological 

effects. There are no signs which would indicate the approach of a change in 

this position."

Worldwide organotin production and use started in 1940 and had increased to 

35000 tonnes by 1982 (UNEP, 1988). During the 1960s organotins began to be 

used in anti-fouling paints. The yearly use of organotin compounds in the 

Netherlands has been estimated to be 850 tonnes of which 97 tonnes is used in 

anti-fouling
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paints (Olsthoorn,1987). Two factories in the Netherlands manufacture organo

tin compounds: Akzo Chemie b.v. in Amersfoort en M&T Chemicals in Vlissingen 

(Olsthoorn,1987)

Concern about the negative effects of tributyltin compounds in the aquatic 

environment first emerged in France in the early 1970s (Alzieu et al.,1980). 

The serious problems encountered in the commercial culture of the Pacific 

oyster (Crassostrea gigas) in France were soon followed by reports of simi- 

lair problems in England (Waldock & Miller, 1983). Although the concern about 

the effects of organotin compounds was initially highlighted by the problems 

experienced by commercial shell fish fisheries, considerable evidence of far 

more extensive effects in the aquatic environment was subsequently presented. 

Once released into the aquatic environment TriBultylTin (TBT) is involved in 

different processes. For instance, it adsorbs to particulate matter. It is 

degraded biologically and via photochemical processes, releasing a butyl 

group step by step . The resulting ionic tin and intermediates in the debuty- 

lation chain are then methylated by bacterial processes in the sediments, to 

become trimethyltin (TMT). The rates of degradation of TBT are poorly known, 

especially in sediments (Clark et al., 1988).
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Effects of dissolved TBT (n g /l)
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Figure 2. Summary of the available data on the toxicity (sublethal and 
lethal) of TBT to spat and adults of the dogwhelk (Nucella lapillus) f the 
Pacific oyster (Crassostrea gigas) and the mussel (Mytilus edulis) (UNEP, 
1988). larvae» adults, MH. population dead, i*' ~_~l range of TBT
concentrations found in Dutch coastal waters.



TOXICITY.

Whereas inorganic tin compounds are relatively innocuous, organotin compounds 

are very toxic. However, their effects differ strongly, depending on the com

pound and the species of organism. In general, trialkyl tin compounds are 

more toxic than dialkyltin and monoalkyltin compounds; for mammals and 

insects the triraethyltin and triethyltin compounds are roost toxic. The longer 

the hydrocarbon chain in the organotin compounds, the lower the toxicity for 

mammals, but the higher the toxicity for fungi, algae and bivalves (Haii & 

Pinkney, 1985; Maguire, 1987; Snoey et al., 1987). In general, tributyltin is 

very toxic to many aquatic organisms (UNEP, 1988),

Specific indicators for the toxicity for tributyltin compounds in the marine 

environment are the Pacific oyster (Crassostrea gigas) and the dog whelk 

(Nucella lapillus) (Bryan et al.,1988; Gibbs et al, 1988).

The data available on the toxicity (sublethal and lethal) of TBT to spat and 

adults of the oyster, dog whelk and mussel are summarized in Figure 2 (UNEP, 

1988).

At concentrations of 30 ng.TBT per litre the growth of shellfish is retarted 

and abnormal thickening of the shell valve can already be observed in the 

Pacific oyster. The thickening of the valve is expressed by the ratio between 

the length and thickness (L/T). The gradient is from 4 to 11: values of 4-5 

indicate that the oysters are severely deformed, 6-8 is an intermediate zone 

with shell thickening, 9-10 a subnormal population and above 10 a normal 

population (Heral, et al, 1981). The spat of the oysters
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Is already affected at concentrations below 30 ng. TBT per litre (Lawler St 

Aldrich, 1987).

The most sensitive of the organisms in Figure 2 are the juvenile of the dog 

whelk, Nucella lapillus. They are already affected at extremely low concen

trations of 0.4 ng. TBT per litre (Maguire, 1987). In the females of this 

species a penis is induced. As a result of this phenomenon (called imposex) 

they become sterile. Failure in recruitment causes the population to age 

until local extinction. The degree of penis induction is expressed in percen

tage RFS (relative penis size index) (Gibbs et al., 1988),

MEASURES AND LEGISLATION

The first restriction to the use of TBT in anti-fouling paints was made in 

France. In 1982 the French government banned the use of TBT paints on ships 

less than 25 long. Other countries subsequently took measures to reduce the 

TBT input to the environment. For instance, an initial measure in the United 

Kingdom was to prohibit anti-fouling paints containing more then 7.5Z tin. 

Later, the use of organotin-containing paints on boats less than 25 metres 

long was also prohibited. In most countries the water quality target level 

for TBT has been set at 1 ng per litre. After the legislation in France and 

the United Kingdom, cultivated oysters improved considerably and further 

deterioration of the dog whelk population was halted (UNEP, 1988).

In the USA the EPA announced that only two tributyltin hull
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paints would be allowed to be sold in 1989. The 1988 organotin Anti-fouling 

Paint Control Act (December, 1988) established that only paints releasing 

less than 4 ug/cm2/day could be certified for sale and use in the USA (Anony

mous, 1989). The Act established this release rate as an Interim measure 

until further study

had delivered a more scientifically based standard. The Act also prohibits 

the use of TBT paints on all vessels less than 25 m in length that have non- 

aluminium hulls.

Shipowners in both the USA and Europe have responded positively to the intro

duction of new TBT-free anti-fouling paints. It has been reported that in the 

USA nearly 100 merchant vessels and over 60 naval ships have been treated 

with the TBT-free products. After the TBT ban in the United Kingdom it was 

found that the ecosystem had recovered after a few years (Waldock et al., 

1988).

International European cooperation (EEC legislation) is under way.
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IMPACT OF TBT IN DUTCH COASTAL WATERS.

In 1988 the Tidal Waters Division of the Dutch Ministry of Transport and 

Public Works and the University of Bordeaux began a joint investigation on 

the impact of TBT in Dutch coastal waters. The concentrations of the diffe

rent butyltln compounds were measured in the water phase (dissolved and 

particulate) and in the sediments, at different locations (Fig. 3) in July 

and October.

The specific effects of TBT on the Pacific oyster and the dog whelk were 

studied in four locations (Fig. 3 marked with *). Since all local dog whelk 

populations were seriously affected (RPS<=65.9%, Fig.3), it was necessary to 

transfer relatively clean dog whelks from England (RPS=0.8%) to the Nether

lands. They were exposed to ambient concentrations of TBT for 6-7 weeks at 

different locations (see Figure 3, locations marked with an *).

The concentrations of dissolved and particulate TBT and TBT in the sediments 

and the effects on the dog whelks (increase in RPS, *RPS) and on the local 

oyster population (valve thickening, L/T) are summarized in Figure 3.

The concentration of dissolved TBT ranged from 9.1 to 1650 ng per litre! the 

4 marinas in the southwest of the Netherlands, 1 marina in the Wadden Sea and 

at 1 location in the main channel of the Scheldt estuary near the M&T organo- 

tin-producing factory. Dissolved TBT was also detected in the Wilton Feye- 

noord harbour of Rotterdam (150 ng per litre).

Particulate TBT was measured in all the particulate matter collected at all 

locations in the Rhine and Scheldt estuaries,
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(aleo at places where the concentration of dissolved TBT was below detection 

limit (<1.8 ng per litre). The concentration of particulate TBT varied 

between 92-235 ng per g dry matter. Near the organotin factory in the Scheldt 

estuary TBT was also found in the sediments, in concentrations ranging from 

67 to 311 ng per g sediment.

At all locations in the estuaries the concentrations of dibutyltin (DBT) and

monobutyltin (MBT) were above detection limit (>0.4 ng per litre).

Only at the 4 locations in the coastal zone of the North Sea were no TBT or

DBT detected and only dissolved and particulate MBT was found.

A natural population of dog whelks with an RPS index of 65.92 was found in 

the Eastern Scheldt. The RPS Index of the exposed dog whelks increased from

0.82 to values around 1.92 and up to 7.72 within 7 weeks at four marinas 

marinas (¿RPS in Figure 3). At two of these marinas there was an appreciable 

valve thickening of the Pacific oyster (L/T ratio between 5.8 and 8.7).

TBT concentrations in mussels ranged from 46-945 ng per g dry weight at the 

four different locations marked with an * in Figure 3.
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DISCUSSION

It le difficult to compare the concentrations of dissolved TBT measured in 

this study with those already published» because in most studies the total 

TBT (dissolved plus particulate) was measured (UNEPt1988),

At 6 different locations (the 5 marinas and a site in the Western Scheldt 

near an organotin-producing factory) the concentrations of TBT considerably 

exceeded 1 ng TBT per litre, which is the level at which TBT is thought to 

have no effect on organisms. At these locations, the specific effects of TBT 

(i.e. imposex of the dog whelk and shell thickening of the oysters) were 

found. The field populations of dog whelk in these locations are completely 

sterile (R.PS=65.9%).

TBT was found in all sediments and suspended matter sampled at the estuarine 

locations, at concentrations higher then those published in the literature 

for polluted areas (UNEP,1988).

The distribution of TBT over the water phase and suspended matter, expressed 

in the distribution coefficient Kp was on average, 24*10^ kg per litre, which 

is in agreement with the published data ( 0 .11-55.4*10^ kg/1, UNEP,1988). 

This indicates that nearly all dissolved TBT adsorbs on particles and will 

accumulate in the sediments.

The effects on the dog whelk (severe imposex) and on the Pacific oyster 

(shell thickening) in the southwestern part of the Netherlands indicate that 

here the ecosystem is strongly affected by these organotin compounds. The 

natural population of dog whelks is dying out.

All the shellfish sampled were founds to contain TBT (46-945 ng/g
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for mussels and 109-126 ng/g for oysters). The bioconcentration factor (BCF) 

for TBT in the mussels was 11,000, which is in agreement with values publis

hed in the literature (UNEP,1988).

The acceptable dally intake (ADI) for humans ranges between 1,6 and 3.2 pg 

per kg bodyweight (UNEP,1988). This means that a person weighing 60 kg is 

permitted to eat about 650 g mussels per day.
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CONCLUSIONS AND PROPOSED MEASURES

Various conclusions about the use of organotin compounds can be drawn from 

this research and from research done elsewhere, and on the basis of this, 

measures to alleviate the problem can be proposed.

1. The increasing use of organotin as anti-foulant has introduced an environ

mental problem in the Netherlands too.

2. Rising levels of organotin compounds form a threat to all creatures using 

marine waters.

3. To minimize the problem in the shortrun, only anti-fouling paints with low

triorganotin release rates should be permitted.

4. The use of anti-fouling TBT paints on all vessels less than 25 metres long 

must be prohibited in the Netherlands, in line with the measures already 

taken in the United Kingdom, France and the USA (1990)

5. Research on alternatives to replace organotin anti-fouling paints must be 

encouraged,

6. The use of anti-fouling paints containing organotin compounds on boats 

must be banned once alternatives are commercially available (i.e.circa 1995).

7. The use of anti-fouling paints containing organotin compounds on all 

structures used in the aquatic environment must be banned.

8. The use of new anti-foulants that do not contain TBT or copper must be 

encouraged.

9. The lack of knowledge on the availability and the degradation rate of TBT 

in sediments is cause for concern. Studies of the availability studies of the 

degradation products of TBT (e.g. trimethyltin) and their effects on orga

nisms must be encouraged.
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