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SUMMARY
The aim of this report is to assess the present status and the 
need for further research on toxicity, sources, fate and 
determination of tributyltin (TBT) in the environment. The 
emphasis of the present report has been on information which may 
have an impact on the regulation concerning the use of TBT. The 
evaluation of available data show that the toxicity of TBT 
towards aquatic organisms, which tend to be the most exposed and 
sensitive, is well documented. The main release of TBT 
progresses into the aquatic environment. No significant reduction 
of TBT levels in the technosphere (eg sewage treatment plants) is 
supposed to occur. Degradation of TBT in the aquatic environment 
is a slow process. Half-lives range from 1 to 3 weeks under 
optimal conditions to several years under anaerobic conditions. 
TBT accumulates in sewage sludges, sediment and biota. High 
residue levels in sewage sludge indicate sources other than 
antifouling paints.
The present situation of TBT pollution in the aquatic environment 
is reflected in several recent publications. Levels of TBT 
determined in surface water are often higher than the no observed 
effect levels for sensitive stages of aquatic organisms.
The publications show that there is still a lack of knowledge of 
TBT levels in most compartments of the environment. Analytical 
methods are available for the determination of TBT and its 
degradation products at trace levels. A preferred method is gas 
chromatography combined with a highly specific and sensitive 
detector. In this respect, interlaboratory comparisons and 
quality assurance programmes are recommended.
Areas of future research which have been identified include:

Assessment of sources other than antifouling paints 
Fate of TBT in sewage treatment plants 
Improvement of the database on residue levels of TBT in 
different compartments
Impact of TBT released from sewage sludge and dredged 
sediments
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1. INTRODUCTION
The present report deals with various aspects of the impact on 
the environment by the use of tributyltin (TBT). The main 
sections give an overview on use, emission, toxicity and 
environmental fate of TBT, butyltin spéciation at trace levels 
and conclusions and recommendations for future research. The 
report was prepared by a TBT task group for the Directorate 
General XII of the Commission of European Community. The report 
gives detailed conclusions and recommendations for further 
research activities within the EC.
The first meeting was held in Rome on October 22, 1987, and the 
drafts were prepared by and distributed to the members of the 
task force. The contributions were revised and edited in the 
course of two meetings (Zürich, December 20th, 1987, and Oslo, 
January 7th, 1988). The final document was prepared at a meeting 
in Frankfurt on January 25th, 1988. While every effort has been 
made to present information as accurately and complete as 
possible without unduly delaying the finalization of the report, 
omissions may have occurred due to the short preparation time. 
Nevertheless, we feei that the present paper is a valuable 
contribution concerning the status of environmental research on 
TBT.
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2. BACKGROUND

The element tin, belonging to the IV-group elements in the 
periodic table of the elements, forms stable, covalent tin-carbon 
bonds. Organotin compounds contain the element tin in its 
+4-oxidation state, which may have one to four organic side 
chains attached.

The physico-chemical properties of organotin compounds may range 
from the monobutyl tin ion, which resembles the inorganic tin(IV) 
ion1 to the neutral, lipophilic substance Bu4Sn. Mono- to tri­
substituted organotins carry a nominal charge of +3, +2 or +1,
respectively; the counterions attached may contribute signific­
antly to the properties of the substance (e.g. in heat stabiliz­
ers for synthetic polymers [Blunden and Chapman 1986, Gächter and 
Müller 1979, Zuckerman et al. 1978]). The polarities of these 
bonds may range from nearly ionic to covalent-similar nature 
[Cotton and Wilkinson 1974]. Depending on environmental
conditions, these anions may be exchanged fairly easily [Laughlin
et al. 1984].

The first commercial organotin compound to be introduced into the 
market in 1936 was dibutyltin dilaurate, which was used as heat 
stabilizer for synthetic polymers [Zuckerman et al. 1978]. Since 
then, a still increasing number of organotin compounds is 
produced for very different purposes: methyl- and ethyltins are 
used as stabilizers for PVC, dibutyltins are catalysts in 
polyurethane foams and stabilizers in PVC, tributyltins are used 
as biocides, and tricyclohexyl-, phenylneopentyl- and phenyltins 
have found widespread applications as agrochemicals and biocides 
[Zuckerman et al. 1978, WHO 1980, Worthing 1987]. Tributyltins 
are not used deliberately in agriculture, as they show 
pronounced phytotoxicity and persistence in soil. Tetrabutyltin 
is used only as an intermediate and is not a technical product.

Annual world consumption of organotin compounds was estimated to 
be 33 000 tons in 1983 [Stewart 1980, Blunden and Chapman 1986]; 
butyltins, mostly in the form of dibutyltin and tributyltin, 
account for about 5000 tons per year [Laughlin et al. 1984].
As tributyltin, together with the methyltins and phenyltins, 
belongs to the most toxic organotin compounds [WHO 1980, 
Chliamovitch 1984], the use and disposal of butyltins has raised

1Abbreviations used for butyltins in this review: BuxSn?n+ 
with X + z * 4 and n ■ 4 - x designates a butyltin species with x 
butyl groups attached. Alkyl groups are abbreviated with: Me 
Methyl, Et Ethyl, Pr Propyl, Bu n-Butyl, Hex n-Hexyl, Phe Phenyl ; 
H hydrogen. Bu^Sn+ is also abbreviated by the term TBT 
(for tributyltin). The charge of the ion does not imply the 
presence of true ionized species. Counterions (anions, e.g. 
halogenides) are designated by the sign X. TBTO is the 
abbreviation of tributyltinoxide.
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growing concern regarding the impact on the environment [Jones 
and Millson 1984]. A series of studies, which have been reviewed 
[Chliamowitch 1984, WHO 1980], demonstrate that low 
concentrations (ppt or ng/L) of tributyltin in aqueous 
environments may have adverse effects on sensitive stages of 
invertebrates as well as vertebrates.
Consequently, the use or emissions of tributyltins have been the 
subject of regulations in several countries, such as the UK, 
France, Switzerland and the USA. Concurrently, analytical methods 
for the specific and sensitive assays of tributyltin and its 
degradation products in environmental samples were developed.



ENVIRONMENTAL TOXICOLOGY

butyltin is one of the few chemicals known to produce 
icific adverse effects on nontarget marine invertebrates.
:ause TBT is a slow-acting toxic compound, early toxicity 
iting based on standard protocols of short duration tests 
.led to indicate these effects [Laughlin and Lindén 1987]. 
rever, since French and English biologists discovered the 
•logical effects of TBT on the oyster fisheries close to yacht 
•bours, toxicological studies on a variety of organisms have 
sn carried out. It has been demonstrated that TBT, together 
:h the methyltins and phenyltins, belongs to the most toxic 
ranotin compounds [WHO 1980].
series of studies, which have recently been reviewed 
iliamovitch 1984, WHO 1980], demonstrate that low 
•centrations [ppt or ng/L levels] of TBT in aqueous 
'ironments may have adverse effects on sensitive stages of 
vertebrates as well as vertebrates. Laboratory as well as field 
•eriments have shown that TBT is toxic towards protozoae 
•shioka 1986], bacteria [Steinhäuser et al 1985; Augustin et al 
12; Argaman et al 1984] and algae [Blank et al 1984; 
sinhäuser et al 1985; Walsh et al 1985; DOE 1986] down to 
îcentrations well below 100 ng/L.
a recent report to the EC [Meinema et al 1986] on evaluation 
the impact of organotin compounds on the aquatic environment 
was concluded that TBT and tributyltinoxide (TBTO] are toxic 
a large variety of microorganisms, algae and plankton,
Lluscs and crustaceans. The observed nontoxic level is 
îerally below 1 ug/L.
has also been reported that TBTO is toxic to fish. Generally, 
CO shows a high toxicity to several freshwater and marine fish 
scies [Meinema et al 1986], These include rainbow trout (Salmo 
Lrdneri!, bluegill (Lepomis macrochirus!, guppy (Lebistes 
:iculatus!, goldfish (Carassius auratus!, cichlids (Tilapia 
Lotica!, striped bass (Morone saxatilis!, atlantic menhaden 
revoortia tyrannus!, mummichog (Fundulus heteroclitus!, poacher 
lonus catophractus!, sole (Solea solea!, sheepshead minnow 
/prinodon variegatus!, bleak (Alburnus alburnus! and flatfish 
Ltharichthvs stiomareus!. For example, the no-observed effect- 
icentration (NOEC) for Salmo gairdneri is reported to be 
.2 ug/L, the larval stadium being particularly sensitive.
ta also exist for toxicity of TBT to other aquatic animals, 
js and tadpoles of the frog Rana temporaria are sensitive to 
CO. Furthermore, toxicity of TBTO to a polychaete worm and to 
i urchin has been reported [Meinema et al 1986].
extensive review of the toxicity of TBT on mammalian animals 
3 given at a recent ORTEPA workshop [ORTEPA 1986, the 
formation presented on that occasion will be published in the 
ir future]. It is clear, however, that TBT exhibit moderate 
•cicity in acute and subchronic tests and that sublethal effects
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may occur at low dietary levels. The acute oral LD50 for TBTO in 
rat applied in the diet or in vegetable oils is in the order of 
150 to 250 mg/kg percutaneously [Duncan 1980]. A delayed toxic 
effect is reported in acute tests with many animals dying after a 
considerable loss of weight [Truhaut et al 1976]. TBTO aerosol 
inhalation causes death in guinea pigs within one hour at 
concentrations of 0.2 mg TBTO/L air [Meinema et al 1986].
Other toxic effects of TBT include atrophy of the thymus and 
peripheral lymphoid organs, depletion of splenic iron stores, 
erythrocyte rosettes in mesenteric lymph nodes, decreased 
pituitary-thyroid axis and increased LG immunoreactivity and 
secretion [Kranje et al 1984; Vos et al 1984]. Inhibition of 
neutrophil Chemotaxis, inhibition of glutathione-S-aryltransfer­
ase from rat liver, inhibition of glucose-6-phosphate dehydrogen­
ase, cell detachment of hamster kidney cells and brain ATPase 
[Meinema et al 1986, and references cited therein].
To the best of our knowledge, there is no conclusive evidence for 
mutagenic or carcinogenic action of TBT either by direct contact 
or via food, nor in relation with the presence of these compounds 
in water.
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4. ENVIRONMENTAL FATE

4.1 Use pattern and releases into the environment (pathways and 
relative amounts)
One of the major pathways concerning the input of tributyltin 
compounds into the water is their use as biocide in antifouling 
paints. To be effective, continuous release of small amounts of 
tributyltin is necessary. To diminish the input of these 
substances into the environment, actions have been taken in 
several EC member states:

antifouling paints have been modified so that the 
tributyltin compounds (TBT) are covalently bound; the 
release mechanism from these polymers is completely 
different (abrasion instead of leaching), thus the release 
on a mass versus time scale is no longer exponential but 
linear

production or use restrictions
deliberate renunciation by the formulating industry 
concerning the use of tributyltin monomers and the amounts 
of the copolymers in antifouling paints

Other uses of TBT as biocides which have not been considered as 
much until now are:

in wood preservatives
as bactericide in hospitals and stables 
as general biocide

The latter uses more or less result in emissions into the air 
during application or from treated surfaces despite the relative­
ly low vapour pressures of TBT compounds (TBTO at 20*C 85-10“
6 Pa, Maguire et al 1983).
Since photochemical reactions are reported to be relatively fast, 
it is believed, however, that these will diminish the 
concentration of TBT in air appreciably. Additionally, airborne 
TBT can be washed out by precipitation processes, although TBT 
could not be measured in two rainwater samples from Switzerland 
at levels of 1 ng/1 [Müller 1987a]. Thus, presence of TBT in air 
will be only of local interest.
There are no known uses of TBT resulting in a deliberate release 
to soil.
By far the largest amount of TBT used in the technosphere is 
released chemically unaltered into surface waters.
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4.2 Reduction by sewage treatment
If the TBT released into water is subject to biological sewage 
purification (which only applies to most of the amount not used 
in antifouling paints), there is the chance for concentration 
reduction by adsorption or degradation. Due to the very low 
volatility of TBT compounds which is significantly smaller than 
that of water [Maguire et al 1983], stripping is of no 
relevance.
Adsorption of TBT onto surfaces eg onto activated sewage sludge 
is significant. Several literature values of measured 
n-octanol/water partition coefficients for tributyltin oxide and 
chloride are in the range between 1200 and 8000 [Maguire et al 
1983; Laughlin et al 1986; Laughlin and Lindén 1987]. Therefore, 
TBT is expected to be enriched in sewage sludge, especially 
because degradation processes are slower under anaerobic than 
under aerobic conditions [WHO 1980].
Concentrations in activated sludges of two sewage treatment 
plants in Switzerland were in the range of 1 mg/kg dry weight, 
which is surprisingly high, a pooled sample of digested sludge 
contained about 0,2 mg/kg dry weight [Zingg 1985]. In industrial 
areas, the concentrations in sewage sludges may be even higher, 
the highest value being 6 mg/kg dry weight [Müller 1987a]. If 
polluted sludges are applied to soil, contamination problems have 
to be taken into account on a longer time scale, since TBT is 
extremely toxic to several classes of organisms which are essen­
tial for soil biocenoses and since the half-life in non-sterile 
soils is reported to be more than 100 days [Walsh et al 1985]. 
Furthermore, bound residues of TBT could be solved by complexing 
agents and reach the groundwater. Therefore, further research 
concerning this problem is urgently required.
Despite the relatively strong adsorption onto sewage sludge, a 
major reduction of TBT amounts in the sewage waters is not to be 
expected, since the mass of the solid phases is too low compared 
to the water phase.
Degradation of TBT in sewage plants takes place, but there is 
some doubt if the responsible processes will result in a signifi­
cant reduction of TBT concentrations during normal operation 
conditions. While there is information that the degradation of 
other compounds is not inhibited below concentrations of 1 to 5 
mg/1 TBT [Augustin et al 1982], transformation of TBT was first 
observed after 290 days [Walsh et al 1985]. Conservatively ("on 
the safe side"), no significant degradation should be expected at 
all.
In summary, adsorption or degradation processes should not result 
in a significant decrease of TBT concentrations during sewage 
treatment.
Measurements at two Swiss sewage plants, where influent and 
effluent samples were taken at the same time (without a time-lag 
corresponding to the sewage residence times), showed influent to



luent ratios of 1.0 to 5.4 [Zingg 1985], which ind4c3t~<3 th 
hing to up to 80 percent of the TBT in the sewage is somehow 
minated from the water phase during treatment, provided t. 
centrations do not change during the day, an assumption which 
obviously not true. Therefore, no conclusions can be drawn 
m these few measurements. Additional measurements are 
essary to study the fate of TBT during sewage treatment.

Fate of TBT in the aqueous environment 

.1 Concentrations in water

mentioned in chapter 4.2, TBT compounds are almost non- 
atile from aqueous solutions, so that the environmental impact 
restricted mainly to water, sediment and soil. Up to now, 
re are not enough monitoring data to allow a Europe-wide 
vey, but present data suggest that the mobility of these 
stances in surface waters is sufficient to result not only in 
al but in regional problems. According to the few data which 
e been published yet, several surface waters in Switzerland 
tain TBT in concentrations between 1 and 50 ng/1 [Zingg 1985; 
1er 1984; Müller 1987a], the higher values being in the range 
sured for sewage plant effluents (20 to 64 ng/1 [Zingg 1985; 
1er 1987a]. Most of the coastal waters of Southwest England
0 contain TBT at levels below 100 ng/1 [Cleary and Stebbing 
5]. In marinas and harbours of England and Denmark, however, 
centrations of up to 3000 ng/1 have been measured [Cleary and 
bbing 1985; Laughlin and Lindén 1987]; most of the values were 
ween 100 and 1000 ng/1 [Laughlin and Lindén 1987]. These
els often exceed the concentrations which have been found to 
toxic towards aquatic organisms (10 to 1000 ng/1).
1 water solubilities of TBT compounds as they were determined 
the laboratory strongly depend on pH values; at about pH 6,
i lowest solubilities were measured (about 1 mg/1 for TBTO and 
'C1), at pH 3 to 4 they increase to about 2 mg/1 TBTC1 and 10 
1 TBTO, respectively [Maguire et al 1983]. At pH 8 to 10, 
ues of about 6 mg/1 (TBTC1) and 15 to 30 mg/1 (TBTO) are 
lorted [Maguire 1983]. Thus, water solubilities of TBT 
ipounds are 3 to 5 orders of magnitude higher than toxic 
icentrations.

general, the following mechanisms govern TBT levels in surface 
:ers:

»hotolysis
legradation by microorganisms and algae 
legradation by organisms of higher trophic levels 
idsorption onto suspended solids and sediment
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4.3.2 Photolysis and biological degradation
Photolysis is reported to be a major degradation pathway of TBT 
compounds. The transformation products are dibutyl- and mono- 
butyltin as well as inorganic tin [Augustin et al 1982]. In 
seawater and estuaries, methyltin compounds are also reported to 
be formed.
When comparing laboratory studies with real field behaviour, one 
has to bear in mind that

- at a wavelength of 300 nm the intensity of sunlight is 
comparatively small, so that a half-life of about 1 day 
reported for the photolysis of TBTC1 at this wavelength 
[Maguire et al 1983] is not representative.
- fulvic acids which are present in most surface waters 
enhance the photolysis rate at 300 nm and at 350 nm by a 
factor of 2 to 3.

Measured half-lives of TBTC1 under artificial UV light range from 
0.6 days at 300 nm in the presence of fulvic acids [Maguire et 
al 1983] to more than 18 days at 350 nm and 6 days in the 
presence of fulvic acids at the same wavelength, respectively 
[Maguire et al 1983]. In another study, the photochemical 
degradation rate of TBT under strong UV light is reported to be 7
days [WHO 1980].

TBT in natural and distilled waters irradiated by sunlight during 
summer (Burlington, Canada) [Maguire et al 1983; Walsh et al
1985; WHO 1980; Maguire and Tkacz 1985] was only slowly degraded
with half-lives of up to 120 days. Other laboratory experiments 
irradiating TBT at concentrations in the ug/l-range in estuarine 
waters with sunlight resulted in half-life values of 4 to 15 days 
[Seligman et al 1986a,b; Lee et al 1987]. Similar half-lives of 
5 to 19 days have been estimated for the degradation of TBT in an 
enclosed coastal ecosystem [Hinga et al 1987]. It has been shown 
that the biodégradation of TBT in estuarine waters at 
temperatures corresponding to winter conditions is slow (half- 
life <30 days), while at 23 *C the half-lives where in the range 
of two to four weeks in the dark and one to two weeks under 
artificial light [Olson and Brinckman 1986].
When data from laboratory experiments are extrapolated to 
naturally occurring photolytic or photochemical processes, it 
should be realized that these reactions can only occur within the 
upper 2 m of water. Below that limit, the light intensity is too 
low. Degradation processes of organic substances in river waters 
mainly take place at the so-called "Aufwuchs", i.e. a litoral 
zone on the banks where the abundance of degrading organisms is 
greatest.
Thus, transformation by microorganisms in estuarine and coastal 
waters is possible, but occurs only with moderate to slow rates, 
at least at low temperatures like in winter. The degradation is



accelerated by the influence of light. The degradation half lives 
are in the range of some weeks and hence may often not compete 
with adsorption.
The transformation of TBT by large numbers of algae seems also to 
be an effective biodégradation process [Maguire et al 1984; Lee 
et al 1987], with a half-life reported to be 25 days [Maguire et 
al 1984], resulting mainly in dibutyltin . Degradation by 
organisms of a higher trophic level are not believed to play an 
important role due to their relatively low abundance in natural 
waters.

4.3.3 Adsorption and Accumulation
Due to the medium range water solubility and the tendency of TBT 
compounds to adsorb onto solid surfaces (see chapter 4.2), these 
substances will be found in the solubilized form as well as 
adsorbed onto suspended particles. They tend to settle with these 
particles resulting in enhanced sediment concentrations.
Aie degradation of TBT compounds in the partly anaerobic sediment 
is believed to be negligible since transformation processes under 
such conditions are reported to be even slower than aerobic 
transformation processes [Blunden and Chapman 1982]. The 
biological degradation of TBT by oligochaetes [Maguire and Tkacz 
1985] cannot account for a quantitatively relevant amount. In 
accordance with this, concentrations up to several mg per 
pediment have been.reported in yacht habours, where usually TBT 
containing antifouling paints are used, and in adjacent 
estuaries. Concentrations in adjacent or remote areas of Swiss 
lakes are reported to range between 0.002 and 0.28 mg/kg dry 
weight [Müller 1984, 1987a].
nie most polluted areas, i.e. estuaries, are in particular those 
places where most of the millions of tons of dredged material 
are dredged and to a major part again released to the water or 
banks nearby. The dredging is necessary to keep the waterways 
clear from settled sand and sediment, and, for economical 
reasons, this material is only partly deposited on land. The 
possible remobilisation of TBT during the dredging operations and 
subsequent damage of aquatic organisms has to be regarded 
carefully, especially when the extreme toxicity is taken into 
account. Monitoring of sediments to be dredged, especially of the 
■mali particle fractions, is therefore strongly advised.
If the dredged material is disposed of on land, its agricultural 
i»e may be limited - among others - by the concentration level of 
TBT.
Bioaconcentration of TBT has been shown for several aquatic 
species. Measured values are much higher than calculated from the 
oetanol/water partition coefficient. They range from 1000 to 
above io 000 for macroorganisms [Laughlin and Lindén 1987] and 
vO 000 for algae and bacteria [Laughlin and Lindén 1987]. These
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high concentration factors may result in bioaccumulation along 
the food chain.

4.4 Conclusions
In summary, the reduction of TBT levels in sewage plants is not 
well documented; high levels in some sewage sludges indicate that 
biological degradation is of minor importance.
Concentrations of TBT in surface waters are often higher than 
concentrations which have been shown to be toxic to aquatic 
organisms.
The overall photochemical and biological degradation half-lives 
of TBT compounds in the environment can be given by one to three 
weeks under optimum conditions (upper 2 m sunlight, near 
Aufwuchs, no sedimentation).
This means that TBT once released to surface waters is either 
buried in the sediment until it happens to be remobilized by 
dredging or high water, or the major portion is washed to the sea 
before it can be degraded (travel time down the Rhine river, 
e.g., one to three weeks), or it is released directly into the 
sea from antifouling paints.
Areas of concern are

- sewage treatment
- soils applied with contaminated sewage sludges
- freshwater and estuarine water near point releases like 
sewage plant outlets, if TBT compounds are released by 
uses other than antifouling paints for marine ships

- freshwater and estuarine sediments (condition like above), 
especially before dredging

- seawater
- marine and coastal sediments
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5. DETERMINATION OF BUTYLTIN COMPOUNDS IN ENVIRONMENTAL AND 
BIOLOGICAL SAMPLES

5.1 Introduction
The progress made in this field is reflected in the growing 
number of references contained in review papers which appeared in 
the last few years [Chapman 1983, Mushak 1984, Riggle et al 1978, 
Blunden 1986], The toxicity and environmental behaviour of the 
various butyltins is drastically different- tributyltin is the 
most toxic to aquatic organisms and inorganic tin(IV) has low 
toxicity [Chliamovitch 1984, WHO 1980]. Therefore, the 
ecotoxicological risk assessment and the search for sources of 
pollution etc. have to rely on data of trace level concentrations 
of specific butyl tin compounds (butyltin gpeciatton). Non 
specific data, e.g. on total organic bound tin, are not adequate 
for this purpose.

There is now a range of methods for specific and sensitive 
butyltin spéciation available. Interlaboratory comparisons have 
shown that several approaches may be used [Blair et al 1986, 
Stephenson §t ál 1987], and thai eauli method lias to be uafefuiiy 
checked and evaluated with respect to its drawbacks and 
shortcomings. Nevertheless, there seems to be a general agreement 
on implementing an efficient chromatographic separation step in 
combination with a specific and sensitive detection method into 
the procedure-

The methods of choice are in general gas chromatography (GC, 
preferably high resolution capillary GC, HRGC) or high 
performance liquid chromatography (HPLC). These separation 
techniques usually define sample preparation (by the mode of 
sample introduction) as well as the choice of detection methods 
available. Therefore, methods will be grouped into sections 
concerning procedures using GC, HPLC, and others (low resolution 
or non-chromatographic methods such as hydride generation with 
purge and trap).

5.2 Butyltin specifiation using gas chromatography
This section is grouped into subsections on sample preparation, 
derivatization and detection. All papers from this section are 
summarised in Table 1.

5.2.1 Liquid and solid phase extraction

In trace level determination of butyltin species using GC, a 
separation of the compounds of interest from the matrix, 
concentration and in most cases also a derivatization is 
required.



TABLE 1. Butyltin speciaticr using g^s chromatography

Butyltins determined® Matrix Memnrjk iodP Reference

Bu3 - au2 - Bu3Sn+ Fresii sea «ater Hybride generation purge LRGC-AAS 0.1-2 ppb Ccnard 1986
Bu2Sn — Bu3Sn+ Sea wabersedttment Arri.d extraction followed 400 ppt Htettori

by hydride fora. ISGC-BCD
Buo - 3u3SrH- - Bu¿Sn Sea water Hybride formation extraction LBGC-FPD 20-30 ppt mali 1987
Bu3SN+ Sea water Solid phase extraction HRGC-BCD Hunk 1987
Bu1Bu2 - Bu3Sn+ Sea water, sari im. Extraction pentylaition GC-PFD 4 ppt (as Sn) Maguire 1986

( 1981-1986)
Bu1Bu2 ~ 0u3Sn+ Water, sediment Extraction-hydride- generation líSGC-FPD 5 ppt Miatthias 1987
BuiBu2 - Bu3Sn+ Sea water Extraction-methylati on, LRGC-MS 10 ppt Mteinana 1978
Bu1Bu2 ~ Bu3Sn+ Sea water Aiitaan. hydride gener. low ppt Miichel 1987

purge/trap FRGC-AAsS
Bu3Sn+ Biota Acid extr., alumina 50 ppb Mfcxriyama 1986

cle¡an-up LRGC-ECD
Bu1Bu2 - Bu3Sn+ Fresii water, sew. Extraction, éthylation l ppt Mfiiller 1987

sludge, sediment HRGC-FPD, GC-PCI-MB
Bu3Sn+ Sea water, seriim. Acid extraction, L3GC-ECD 100 ppt Takahzishi 1987
Bu2 - 3u3Sn+ Biota Cation exchange id phase B ppb Ttakami 1987

extr. hydride genear. GC-ECD
Bu3Sn+ Biota Acid extraction LHGC-ECD 0.5 ppb TSBkeuchi 1987

after Floris il clean-up
Bu3Sn+ Biota Acid extraction, ISGC-ECD 10 ppb Tbaxia 1987
Bu2 - au3Sn+ Sea water Extraction, hexylation, HHGC-AAS 5 ppt tanger 1986
Bu2 - 3u3Sn+ Sea water Hydride generation purge/trap LEGC-AAS 5 ppt Vmlkirs 1987
Bu2 - 3u3Sn+ Water Hydride generation HRGC-AAS 10 ppb Wool ins 1984
Bu2 - Bu3Sn+ Waste water Extraction, méthylation HHGC-El MS 100 ppt Z_Letz 1987

a Bu- means BuSn3+, Bu2- Bu2Sn2+; b for abbreviations cf. section 3.
c values are in general given for Bu3Sn+-determination in water unless stated otherwise.
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Butyltins may be extracted out of environmental samrlos (water,, 
sediment, sludge, biota) using appropriate solvents or 
flolid~phag@ extraction, ëiliua material tttbdified with c.. groups 
Vas used alone [Matthias and Bellama 1987, Junk and Richard 
1987] or loaded with a complexing agent [Miiller 1987a] and was 
found to be well suited for aqueous samples. A cation exchange 
material containing sulfonyl groups was used tn adsorb butyltin 
residues contained in digested fish tissue [Takami et al 1987], 
followed by hydride forming. Poropak was used to sample butyltins 
in air, followed by elution and méthylation [Zimmerli and 
Zimmermann 1980].

The extraction behaviour of the ionic butyltins and inorganic 
tin(IV) was investigated by the group of Meinema and his 
colleagues [Meinema et al 1978]. They used various organic 
solvents, which do not mix with water, with the addition of 
mineral acid and complexing agents to extract butyltins 
fromaqueous solutions and found tropolone (a
hydroxy-cycloheptatrienone) to be best suited for extraction of 
all butyltins, combined with méthylation by the Grignard reagent 
MeMgBr and GC/MS analysis. In this way, mono- to trisubsti- tuted 
butyltins and inorganic tin(IV) can be determined simultaneously. 
This extraction has in the meantime been used and successfully 
mvaluated by several groups [Maguire et al 1981, 1982, 1983,
1984, 1985, 1986, Müller 1987a, Unger et al 1986, Zingg 1985, 
Zietz and Haag 1987].

5.2.2 Derivatization by alkylation vs. GC of free halogenides
The extraction step after addition of hydrobromic or hydrochloric 
acid leads to an a organic solution of butyltins as their 
halogenides. Whereas Bu_SnX2 and Bu.SnX (X: bromide or chloride) 
are sufficiently volatile for GC-determination, Bu.SnX2 and 
BuSnX3 show pronounced adsorption and reactivity in the GC system 
and are therefore difficult to be determined.
Nevertheless, a series of papers, mainly from japanese authors, 
report (partly in japanese) on tributyltin detection as free 
halogenides (sea water [Junk and Richard 1987, Takashi 1987] 
sediment and biota [Tsuda 1986, Takeushi 1987, Moriyama 1986, 
Tsuda 1987]). The procedures suggested base mainly on acid/base 
treatment of the matrix, extraction of TBT as chloride and clean 
up via acid treated adsorption material. Determination is by 
packed column GC with electron capture detection (ECD). In 
general, this method is adequate for TBT-residue determination in 
biota, but limits of detection are rather high (cf. also section
4.2.4 Specific detectors). As the chromatographic resolution 
achieved with the free halogenides on packed columns is poor and 
interferences from coextracted material were observed even on 
capillary columns [Junk and Richard 1987], this approach seems to 
fee less favorable.

The butyltin halogenides, present in an organic solvent, are 
easily converted into the corresponding tet»substituted
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butylalkyltin compounds by means of either a Grignard reagent or 
an alkyllithium compound [Coates and Wade 1980]. The alkylation 
reaction proceeds smoothly and goes to completion when carried 
out in a suitable solvent, e.g. diethylether or tetrahydrofuran. 
Tetraalkyltins are much easier to handle with respect of sample 
clean up and GC determination than the respective halogenides. 
This approach was used in a series of papers with various 
alkylating agents.

Méthylation was used by various groups [Meinema 1978, Zimmerli 
1980, Müller 1984, Zingg 1985, Zietz 1987], éthylation [Müller 
1987a], pentylation [Maguire 1981 - 1986] and hexylation [Unger
1986] were used as well. The choice of the alkyl group to be 
introduced is not very critical. Butylation is excluded, as the 
alkyl group introduced must be different from those already 
present at the tin atom. The size of the alkyl group introduced 
defines the volatility of the derivatives. Méthylation is not 
advisable when environmental méthylation of butyltins has also to 
be taken into account [Tugrul et al 1983]; larger alkylgroups 
than butyl invert the order of elution in GC (e.g. BuSnHex. 
elutes latest, Bu.SnHex elutes first) which in some cases may not 
be desirable.

5.2.3 Hydride generation prior or after extraction
Tin and alkyltin compounds readily form the respective hydrides 
[Cotton and Wilkinson 1974]. The reaction proceeds in aqueous 
solution with sodium borohydride as reagent and leads to neutral, 
apolar and volatile tinhydride species. These compounds can be 
extracted from the reaction solution and analyzed by GC using 
various detector systems (cf. section 4.2.4).
Similar to the halogenides, the hydrides show a sufficient 
response with the ECD [Hattori et al 1984, Tsuda et al 1986]. The 
method was modified and applied by several groups [Valkirs et al 
1986, Valkirs et al 1987, Donard et al 1986, Haii et al 1987, 
Takami et al 1987] for the examination of residues in sea water, 
sediment and biota.
Some methods are based on hydride formation in the extract [Tsuda 
1986, Matthias and Bellama 1987] or in the solid phase 
extraction material [Takami et al 1987]. The advantage of the in 
situ derivatization is that extraction of the butyltins, which 
may be critical, is circumvented. The method works well for 
surface water samples, but requires careful sample pretreatment, 
when sediment or sewage sludge samples are to be analysed 
[Hattori 1984] due to strongly adsorbed butyltin species.
This problem exists also in surface water samples, where there is 
a part of butyltins present which is not converted to hydrides 
[Tsuda et al 1986]. This is explained by butyltins adsorbed on 
particles, thus shielding the organotins from being converted. 
This is less encountered when organic solvents or solid phase 
extraction is used, as the particles are also extracted either by
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the organic solvent in the aqueous phase or on the adsorption 
material. Therefore, filtering off the paruin e= ur* t w erahaiysis is tatëly reported.
Butyltin hydrides are considered to be less stable than the 
tetraalkyltins because they possess reducing properties [Cotton 
1974, Unger 1986]. This may be a drawback when clean up or 
repeated injections (e.g. using different detection systems) are 
to be carried out. The volatilities of these compounds are 
considerably higher as compared to e.g. the éthylation product of 
BuSn^+, BuSnEt^, so that losses in evaporation steps may occur.

Hydride generation seems to be a highly attractive method for 
butyltin spéciation in surface water samples, allowing 
simultaneous determination of all butyltins. Furthermore, this 
method may easily be automatized for routine monitoring of 
environmental pollution [Michel 1987],

5.2.4 Gas chromatography with specific detectors
The use of the flame photometric detector (FPD) for the sensitive and specif1c determination of organotin compounds in s hydioyen 
rich flame has been described by Aue and Flinn [1977]. The 
detector performance (sensitivity, chromatographic signal shape) 
is strongly dependent on gas flows, which have to be carefully 
optimized [Müller 1987a]. A series of publications make use of 
this relatively inexpensive and simple detector, also in 
combination with other detection methods (cf. Table 1).

Interfering signals in the gas chromatogram, presumably from 
coextracted organic phosphates, can be circumvented by the use of 
an optical filter positioned between the detector cell and the 
multiplier; however these filters (if available) reduce 
sensitivity from typically low pg to ng-range [zimmeri! and 
Zimmermannn 19BÜJ. The dynamic range is good to excellent, but 
the system is sensitive to injections of high amounts (ng or 
more) of organotins. A decrease in detector performance 
("poisoning") is then observed; a phenomenon which occurs also in 
the optical cell of a GC/atomic absorbtion spectrometer (GC/AAS) 
combination [Maguire 1983] and which requires comparably frequent 
cleaning.
The use of a mass spectrometer as a selective detector for 
GC (either packed column or capillary column) has been applied to the detemlnation of butyltins. Roth electron impact (El) 
ionization [Meinema 1978 et al, Zietz and Haag 1987] and positive 
ion chemical ionization (PCI) [Müller 1987a, Unger et al 1986] 
have utilised. As butyltins undergo extensive fragmentation under 
EI-conditions [Gielen and Mayence 1972] and the ion current 
distributes on the complex tin isotopic cluster, EI-MS seems to 
be less favorable and more prone to interferences than the FPD or
a a r . PCT with methane ae reactant gae was found to be more 
sensitive and yielding simpler mass spectra for organotin 
compounds [Fish et al 1974]. Furthermore, numerous coeluting



compounds are virtually transparent under Cl-conditions, thus 
enhancing butyltin detection. In multiple ion detection (MID)either In the II or 01 mode, ene hàe te edft&idet the cample*
isotopic pattern of tin. As in the mass range of interest (200 - 
400 amu, depending on the alkyl group or hydrogen introduced in 
the derivatization step) numerous substances may interfere, at 
least three signals in the ion cluster of each fragment of 
interest have to be observed for confirmation purposes, This leads to a significant reduction in the inherent high sensitivity 
of MS/ MID detection. Nevertheless, MS is a valuable tool in the 
identification and confirmation of organotin compounds detected 
in environmental sample extracts.

Atomic absorption spectrometry (AAS) has proved to be a very 
sensitive and specific detection method for organotins. It may bs 
regarded as a drawback that no commercial interface exists for 
the combination of the GC with the AAS [Forsyth 1987]. This 
interfacing has to be done very carefully in order to fully 
maintain the high separation power of HRGC, because the optical 
cell in the spectrometer may contribute significantly to 
chromatographic signal broadening.Ths exeellent detection limits, 
large dynamic range and chromatograms free of interfering signals 
are highly attractive features of a GC-AAS combination [Maguire 
et al 1983].

Electcon capture detection (Rep) was used for detection of free
halogenides [Junk and Richard 1987, Takeushi et al 1987,
Moriyama et al 1986] and hydrides of the butyltins [Takami et al
1987]. This detector possesses sufficient sensitivity, is easy to 
handle, but offers insufficient specificity for the organotins in 
the trace level concentration range as compared to the FPD, AAS or Mfi. Ths occurrence of interfering signals in the gas 
chromatogram is highly expectable due to coextracted material 
with strong ECD-response. Tetraalkyltins cannot be detected using 
the ECD [Müller 1987b].
Beside AAS, inductively coupled plasma emission (ICP) was used in 
combination with GC [Deubelbeis et al 1986], ICP offers high sensitivity together with multi-element capability, but 
instrument costs are considerably higher than for AAS.
Whereas flame ionization detection is not sensitive and rather 
unspecific for organotins, the quenching of an FID was used for 
detection of alkyltins [Hansen et al 1985]. Experiences using this detegtlen technique are too sparse to make a judgement.

5.3 High performance liquid chromatographic methods

HPLC methods offer the advantage of the separation of 
underivatized butyltins, but suffers from a lack of established, 
sensitive and specific detection techniques which are available 
for GC. These techniques (AAS, FPD, MS) are predominantly gas 
phase methods and are easily coupled with gas chromatography. The 
liquid effluent of a HPLC column has to be modified by more or



18

less sophisticated procedures to b ompatib with *h 
techniques. Unfortunately, minimal detectable amounts for such 
combinations as reported for a HPLC-AAS interface [Burns et al 
1981] are higher by several orders of magnitude as compared to 
the combination GC-AAS or GC-FPD [Maguire et al 1983b]. Direct 
coupling of an ion-exchange HPLC with a graphite furnace AAS in 
a non-continuous mode [Jewett and Brinckman 1981] showed a 
comparably low resolution and sensitivity.

As the low UV-absorbance of butyltins prevents their direct 
photometric detection, HPLC methods have to rely on pre- or 
postcolumn reaction.

Morin, a hydroxyflavone, forms fluorescent derivatives with ionic 
alkyl- and phenyltins in postcolumn reaction, rendering these 
compounds detectable at the low pg-level [Blair et al 1987, Yu 
and Arakawa 1983; Langseth 1984].

HPLC using a post-column reaotion with oxin and photometric 
detection [Lakata et al 1984] was described. But up to now, these 
techniques have not been adapted for routine analysis of 
butyltins in environmental samples. This may be due to the fact, 
that these sensitive HPLC methods require careful sample 
preparation procedures to maintain the optimal conditions for 
pie- or poeteelumn reaction with the chramophore. one can 
therefore conclude that HPLC can separate and detect butyltin 
species with sufficient sensitivity and specificity, but sample 
preparation and detection methods are tedious and require careful 
adaptation to make them work with real environmental samples. The 
HPLC methods seem to be well suited for special applications, 
e.g. organotin determinations in toxicological experiments [Yu«nd AraKawa Î983] or assays of organotin stabil!gar migrations
[Koch and Figge 1975]. However, at present they seem less 
adequate for trace level detection of butyltins in environmental 
samples.
A recent publication [Irth et al 1987] on a sensitive and 
specific HPLC method based on a pre-column adsorption of trace 
metals in water samples as carbamates followed by chromatographic 
separation indicates that the potentialities of LC methods are 
not yet fully exploited. Liquid chromatography may also be a 
valuable tool in the investigation of the various forms of 
butyltins in the environment: Laughlin followed the conversion of 
Bu_Sn+ into sulfides and oxides using HPLC [Laughlin et al
1986].

5.4 Other methods
Thin-layer chromatographic methods were, from a historical point 
of view, the first steps towards butyltin spéciation. As the 
separation efficiency is relatively low (typically 1 000 plates) 
compared with HPLC (typically 10 000 plates; HRGC: 50 - 100 000 effective plates), Therefore, sensitivity and specificity are
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considered to bo insufficient for trace analysis of butyltins 
[Meineina et al 1978, Koch and Figge 1975].
Hydride generation in aqueous solution followed by purge and trap 
was used for methyl- and butyltin determination [Hodge et al 
1979, Donard et al 1986, Randall and Weber 1986]. The method is 
well suited for determination of methyl tins, hut of limited 
value for butyltins. BuSnH3 is sufficiently volatile for being 
purged out of an aqueous solution, but the purging efficiency 
decreases further from Bu2SnH2 to Bu3SnH. The hydrides evaporate 
from the cold trap (after removal of the liquid nitrogen) into 
the optical path of an AAS system. This distillation provides an 
insufficient time resolution of the butyltin hydrides. Hydride 
generation followed by liquid extraction (cf. section 5.2.) is 
therefore to be preferred.
A series of papers dealing with the non-chromatographicdetermination of single butyltins have also been published. In 
most cases, combinations of various extraction and liquid/liquid 
partition steps together with a fluorometric [Arakawa et al 1983] 
or AAS detection steps [Apte and Gardner 1987, Pinel et al 1986, 
Parks et al 1985] were used. Limits of detection achieved range 
from ppm to ppb-range , but in most cases interferences from 
closely related organotins or other ooextraoted material seem to 
be insufficiently checked. This holds also for single-species 
electrochemical methods such as anodic stripping voltammetry 
[Kenis and Zirino 1983], where other organotin compounds may have 
similar electrochemical potentials. Nevertheless, these methods 
may be valuable in combination with specific methods, as they are 
fast, inexpensive ahd usually require minimal sample preparation. 
Total tin methods [Short and Thrower 1986] also belong to this 
category of methods, which do not meet the requirements for 
butyltin spéciation.

5.5 Limits of detection precision and accuracy, intercalibration 
tests, standard materials.
5.5.1 Limits of detection, precision and accuracy

As in general, limits of detection (LOO) ef the methods 
summarized in section 3.2. and 3.3 and Table 1 are defined by
- the absolute sensitivity of the detection system

- the aliquot of sample which can be introduced into the separation system.
- eventual chemical interferences which limit quantitation (or 
the specificity of the detection system)

LODb have to be dietinotly lower than ne-adveree-effect- levels 
of Bu Sn+ for aquatic organisms [Chliamovitch 1984], if possible 
low enough to determine background levels for localisation of 
sources of pollution. This level can roughly be fixed in the low 
ng/l-concentration range for surface water and is met as well
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using the hydride generation and extraction/ alkyiatiun <*pp' acn 
(cf. Table 1).

The accuracy can, of course, only be assessed using certified 
standard materials as distributed by the organizing laboratories 
of interlaboratory comparisons.

The corresponding LODs for determination of butyltins in more 
complex matrices (sediments, sludge of biological material) are 
considerably higher than in surface water samples (ppb/ppm or 
ppt, respectively). The residue levels generally encountered in 
these samples follow a similar trend [Maguire et al 1986, Müller 
1987a]).

5.5.2 Accuracy, interlaboratory comparisons

Three interlaboratory tests were carried out on butyltin 
spéciation in the last few years. The results of two tests are 
available. W.R. Blair at the NBS very carefully organized a test 
in 1984 on butyltin spéciation at the 100 ppt-level without 
specifying a method. A total number of 27 labs cooperated. The 
results show that good to excellent precision and accuracy may 
be achieved using different approaches [Blair et al 1986].

Recently, a second test was carried out with the aim of 
simultaneous spéciation of Bu_Sn2+, Bu_Sn+ and Bu.Sn at levels of 
total 100 - 300 ng/1. Results of this test are expected to be 
available in the near future.
Another interlaboratory comparison for butyltin spéciation in 
sediment material and mussel tissue with 7 laboratories 
cooperating was organized by the group of M. Stephenson 
[Stephenson et al 1987]. Data reported agree within a factor of 2 
to 3 for Bu.Sn+ determinations (at levels of several hundred ppb 
for sediment and a few ppm for mussel tissue). Standard 
deviations for Bu2Sn2+ were, if reported, considerably higher.

5.5.3 Standard Material
There is still a lack of high purity standard material (99.9% or 
better) of butyltin compounds. In most cases, purity is 
determined by AAS and does not exceed 95 %.
Whereas many authors report on methods and data relying on 
external standardisation, there is a growing interest in the use 
of internal standards. Pe3Sn+ [Unger et al 1986] and HexBu_Sn+ 
[Müller 1984, 1987a] were used as internal standards, addea prior 
to sample preparation. Internal standards are usually homologues 
of Bu_Sn3+, which is the most toxic of the butyltins. If 
detection of all ionic butyltins is required, the addition of 
corresponding homologues (e.g. PrSn_+, Pr_Sn2+ and Pr_Sn+) would 
be advisable.
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The possibilities of using stable, labelled compounds as 
surrogates for butyltins are rather limited, as they would 
require the use of a mass spectrometer for detection.
Furthermore, possible mass spectral interferences have to be 
carefully considered. The complex isotopic pattern of tin (m/z 
116 to 126) requires the complete separation of the strategic 
mass spectral fragments produced by the labeled surrogate from 
those of the native compound. This can not be achieved by using a 
labeled tin, as there exists no stable tin isotope with a mass 
higher than 124 amu [Weast 1979].

113The radioactive isotop Sn was used for elucidation of the 
environmental fate of TBT in an enclosed ecosystem [Hinga et al
1987]. Its use for routine analysis can, of course, not be 
recommended, as butyltin spéciation calls for detection of 
specific butyltin compounds.

5.6 Conclus ions
Butyltin spéciation means determination of specific butyltin 
compounds in environmental samples or biota. It can be carried 
out by separation of the butyltins from the matrix and separation 
of the various butyltin species using an efficient 
chromatographic step and specific detection.
The methods of choice are either extraction/alkylation or hydride 
generation/extraction followed by high resolution GC. Detection 
methods are either AAS, FPD or MS in the PCI-mode. These methods 
are shown to be adequate in terms of specificity, limits of 
detection, as well as of precision and accuracy.

Butyltin spéciation at trace levels is, however, a demanding task 
calling for specialized, experienced laboratories with skilled 
personnel and good equipment. There are several laboratories 
which carry out butyltin determinations on a routine base [Blair 
et al 1986]. The two main approaches (extraction/alkylation or 
hydride generation) seem to be more or less equivalent in their 
performance. Extraction/alkylation is more universally applicable 
than hydride generation and may therefore be considered as more 
favorable for a monitoring programme covering a wide range of 
matrices.



CONCLUSIONS AND RECOMMENDATIONS

The high toxicity of TBT towards aquatic organisms is well 
documented. As far as environmental regulations are 
concerned further toxicity testing is presently not 
required.

Triphenyltin is used as a substitute for TBT in several 
applications. The toxicity of triphenyltin is also well 
documented and comparable to that of TBT. Its use should 
therefore also be restricted.

Data indicate that there are differences in the use patterns 
between various countries. To provide a basis for 
regulations, country specific assessments of sources other 
than antifouling paints are therefore recommended.

The few data available on TBT residues in sewage sludge 
indicate a high degree of contamination. Further studies on 
levels, fate and ultimate degradation in sewage treatment 
plants are recommended.
The environmental impact of using TBT contaminated sludge in 
soil amendment should be studied.
There is a lack of knowledge concerning TBT levels in fresh 
waters, estuaries, river water, and sediment and biota in 
contact with these waters. Measurements are strongly 
recommended in order to determine the present environmental 
concentrations, to study changes in concentration with time 
and for identification of potential new sources of TBT.
TBT has a long half-life time under anaerobic conditions in 
sediments (months to years). However, TBT may be remobilized 
when sediments are dredged. The environmental impact of such 
remobilization should be studied.
Degradation pathways of TBT in the aquatic environment are 
well known. Properties of degradation products, e.g. 
toxicity and physico-chemical data are sufficiently 
established. Further studies on degradation in the aquatic 
environment are presently not recommended.
Volatilization of TBT from water is negligible. Photolytic 
degradation in the atmosphere is rapid. This indicates that 
air is not an important vector for TBT distribution in the 
environment. Further studies are not recommended.
TBT and other organotin compounds are bioavailable. Observed 
bioconcentration factors (- 10 000) are higher than 
estimated from octanol/water partition coefficients. 
Bioconcentration should be considered when evaluating the 
environmental hazards for higher trophic levels.
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11. Analytical methods are available for the determination of 
TBT and its degradation products at trace levels. The 
preferred method is presently gas chromatography combined 
with a highly sensitive and specific detector. Further 
research is not recommended.

12. Laboratories determining TBT and other organotin compounds 
should have quality assurance of their methods, e.g. 
participation in interlaboratory tests.

13. When TBT is determined it is recommended also to include 
determination of its degradation products and other 
organotin compounds, e.g. triphenyltin whenever possible.
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