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‘I-he most important organotin in Canada are the 
tributyltin ccmpounds, which are used as antifouling agents paint for 
boats, ships and docks, as general lulrber Preservatives and as 
slimicides in cooling water. The tributyltin species is annng the most 
toxic to aquatic organisms of all chemicals identified in the Great Lakes. 

- Water and sediment sairples from 265 locations across Canada 
were analyzed for tributyltin and its degradation products. In 10% of 
the water samples tributyltin was found at concentrations which could 
cause growth retardation upon chronic exposure to a sensitive organism, 
rainbow trout yolk sac fry. High concentrations of tributyltin were 
found in some sediments (up to 10 mg Sn/kg dry weight), but the biolog- 
ical availability of sedinent-associated is 
Tributy_lt':in was mainly found in areas of heavy boating and shipping

_ 

traffic, which is consistent with its use as an antifouling agent in 
sane paints for boats, ships and docks. On the basis of our work on 
physical, chemical and biological removal in aquatic eco- 
systems, we conclude that the main factors limiting the persistence of 
tributyltin are sunlight in water and biological 
in water and sediment, and under Canadian climatic ccnditicns the half- 
life is likely to be at least a few to several mcnths.



PRééENCE ET PERSISTANCE DU TRIBUTYLélAIN 
DANS LE3 EAUX CANADIENNES 

R. James Maguire 
_Division des contaminants de l'environnement 
Institut national de recherche sur les eaux 

Ministere de l‘environnement 
Burlington, Ontario, Canada L7R 4A6 

Les pesticides 5 base d'organo-étains les plus importants 
au Canada sont les composés du tributylétain que l‘on utilise dans les 
peintures antisalissures pour navires et installations portuaires, 
comme agent de préservation général pour le bois et come algicide- 
bactéricide dans les eaux de refroidissement- 'De tous les produits 
chimiques présents dans les Grands Lacs, les composés du tributylétain 
figurent pafmi les produits les plus toxiques pour les organismes 
aquatiques. 

Des échantillons d‘eau et de sédiments provenant de 265 
endroits différents répartis dans l'ensemble du Canada ont été analysés 
pour déceler la présence du tributylétain et de ses produits de 
dégradation. On a constaté que 10 p. cent des échantillons d‘eau 
contenaient des concentrations de tributylétain capables d'entrainer 
un retard de la croissance de 1'alevin vésiculé de la truite arc=en-ciel 
(organisme sensible) si l'exposition est de nature chronique. On a 
décelé des concentrations élevées (jusqu'a 10 mg Sn/kg de poids sec) 
de tributylétain dans certains sédiments, mais on ignore quelle est la 
biodisponibilité du tributylétain lié aux sédiments. Le tributylétain 
était surtout présent dans les endroits ou le trafic maritime est dense, 
ce qui permet d'établir un lien avec l'utilisation de ce produit dans 
la fabrication des peintures antisalissures pour navires et installations 
portuaires. D'aprés les travaux réalisés sur les mécanismes physiques, 

'0 chimiques et biologiques d elimination du tributylétain, il ressort que 
les principaux facteurs qui limitent la persistance de ce produit
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soient la photodégradation pour ce qui est de l'eau, et _1a biodégra- 
dation pour ce qui est de 1'eau et des sédiments. De plus, il ressort 
que dans les conditions climatiques canadiennes, la demi—vie du 
tributylétain serait d'au moins quelques mois 5 plusieurs mois.
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ABSTRRCT 
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The most important organotin pesticides in Canada are the 
tributyltin compounds,“ which are used as antifouling agents in 
some paints for boats, ships and docks,. as general lumber 
preservatives and as slimicides in cooling water. ~ The 
tributyltin species is among the most toxic to aquatic organisms 
of all chemicals identified in the Great Lakes. 

.Hater and sediment samples from 255 locations across Canada 
were analyzed for tributyltin and its degradation products. In 
10% of the water samples tributyltin was found at concentrations 
which could cause growth retardation upon chronic exposure to a 
sensitive organism, rainbow trout yolk sac fry. High 
concentrations of tributyltin were found in some sediments (up to 
ll mg Sn/kg dry weight), but the biological availability of 
sediment—associated tributyltin is unknown, Tributyltin was 
mainly found in areas of heavy boating and shipping traffic» 
which is consistent with its use as an antifouling agent in some 
paints for boats,_ ships and docks. On the basis of our work on 
physical, chemical and biological removal mechanisms in fresh 
water aquatic ecosystems, we conclude that the main factors 
limiting the persistence of tributyltin are sunlight degradation 
in water and biological degradation in water and sediment, and 
under Canadian climatic conditions the half-life is likely to be 
at least a few to several months.



In the long history of man's use of tin, the use of 
organotin compounds, and contamination of the environment by 
organotin compounds, are relatively recent phenomena. In 
England, tin was first mined in Cornwall 500 years before the 
birth of Christ. One of the earliest reference to pollution 
of any sort in the English literature was made by the 16th 
century poet Edmund Spenser in his work “Faerie Queen’, in"which 
he described the River Dart in Cornwall as ‘nigh choked with 
sands of tinny mines‘. 

Tin as a metal and in its chemical compounds has a wide 
variety of use. Organotin compounds in the past 25 years have 
developed into important industrial commodities. Tin is 
unsurpassed by any other metal in the number of its organic 
applications, and these include such widely divergent fields as 
stabilizers for poly(vinyl chloride), industrial catalysts, 
industrial and agricultural pesticides, and wood preserving ad 
antifouling agents. The global consumption of tin in all forms 
was about 200 million kg in 1976, and of this total, about 25 
million kg was in the form of organotin compounds (1). in 1976, 
American consumption of organotin compounds was about 11 million 
kg, and an 11 to 13% annual growth in consumption was predicted 
for the period 1978 to 1988. It has been estimated that Canadian 
consumption of organotin compounds is about one tenth of American 
consumption (2). 

In 1979, the Canadian Department of Environment, which had 
noted the increasing annual consumption of organotin compounds in 
Canada, placed them on its Environmental Contaminants Act 
Category Ill list (3), which essentially meant that further 
information was required on their occurrence, persistence and 
toxicity in order to make environmental and human health risk 
assessments.

' 

The main organotin compounds which are likely to be released 
to the environment in Canada are those of triphenyltin, 
tricyclohexyltin, di—n~octyltin, di-n—butyltin, dimethyltin and 
tri—n—butyltin (2). Triphenyltin and tricyclohexyltin are 
agricultural pesticides. Di—n-octyltin is used as a stabilizer 
in some food wrappings. Di—n-butyltin is used as a p0ly(vinyl 
chloride) stabilizer, as is dimethyltin, and as a catalyst in a 
number of industrial processes. Tri-n-butyltin is used as an 
antifouling agent in some paints for boats, ships and docks, as a 
general lumber preservative and as a slimicide in cooling water. 
It is by far the most toxic to aquatic organisms of all organotin 
compounds used in Canada. He have been attempting to determine 
the aquatic environmental occurrence, persistence and fate of 
tributyltin. _ 

The structure of tributyltin compounds in water is a matter 
of some interest, and a conclusion may be drawn froe several 
indirect lines of evidence. First, it appears that tributyltin



compounds dissolved in water yield the same cation. Support for 
this contention comes from (i) observations that the thin layer 
(6,5) and high performance liquid (6) chromatographic behaviour 
of Bu,5nX compounds (X = F, Cl, Br, OAc and OSflBu=) is 
independent of the nature of X, probably because of anion 
exchange. on chromatography in acidic solvents, (ii) the 
observation that the nature of the metabolites of Bu,SnX (X = Cl, 
0Ac, and 05nBu,) produced by rat liver microsomal monooxygenase 
at pH 7.h is independent of X (Q), and (iii) observations- that 
the toxicity of tributyltin compounds to some mammals and fish is 
independent of the nature of X (7,8). By analogy with the more 
soluble lower trialkyltin compounds (9,l0) therefore, the 
dissolution of tributyltin compounds likely produces the hydrated 
Buasn‘ ion (or some species which has a readily-exchangeable 
counter ion), which behaves as a simple monoprotic acid (in QQX 
ethanol the pKa is 5.58 - ref. ll). For brevity, the 
tributyltin, dibutyltin and monobutyltin species are referred to 
in’ this article as though they existed only in cationic form 
(e.g., 8u;Sn°), since we were more interested in debutylation 
reactions than in cation hydrolysis, largely because the toxicity 
of butyltin compounds decreases with decreasing number of butyl 
groups (7). 

Table l demonstrates the high toxicity of tributyltin to 
some aquatic organisms (26). Although many of the data are for 
marine organisms, it is reasonable to assume that the toxicity 
would be comparable for fresh water organisms. Table l also 
shows that, for guppies at least, the toxicity of tributyltin 
compounds is independent of the nature of the counter ion. 

By the late 1970s, although tributyltin compounds had been 
registered as pesticides in a number of countries, and although 
tributyltin was recognized as being very toxic to aquatic 
organisms, little was known in the open literature of its 
persistence in aquatic, ecosystems. Since there were no 
satisfactory methods for its trace analysis, there was, in 
addition, no information on its environmental occurrence. The 
rest of this article describes our analytical methods, the 
occurrence of tributyltin in water, sediment and fish in Canada, 
and the persistence and fate of tributyltin in aquatic 
ecosystems. 

Metabolic studies have indicated that tributyltin degrades 
by a sequential debutylation pathway, probably involving 
hydroxylated intermediates, to relatively non—toxic inorganic tin 
(Q). He expected abiotic degradation to proceed by the same 
mechanism, and, accordingly, we developed a method whereby 
tributyltin, dibutyltin, monobutyltin and inorganic tin are 
determined as their normal pentyl derivatives by packedecolumn 
gas chromatography with either a modified flame photometric 
detector (22) or an atomic absorption spectrophotometric detector 
(23), in which case we use a quartz—tube furnace heated to about 
1000 degrees. Either detector can determine as little as 50 pg of 
any of the butylpentyltin derivatives. There is no scrambling of 
alkyl groups in this derivatization. ~f

h 
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Tributyltin, dibutyltin and monobutyltin can be extracted 
quantitatively from dry sediment (Eh), or water at pH l to 7 
(22), with the complexing agent tropolone dissolved in benzene. 
The procedure for these species in fish (25) and oligochaete 
worms (Ea) is to dissolve the tissue in hydrochloric acid, dilute 
the acid with water and then extract with tropolone in benzene. 
Recoveries of these three species from fish and oligochaetes are 
not quantitative, but are greater than 60%. Hhile the recovery 
of Sn(lV) from spiked acidic solutions is quantitative, 
recoveries from spiked solutions of pH 5 to 8 are low and 
variable, probably because unextractable stannic oxide is formed. 
Recoveries of Sntlvl from spiked fish, oligochaetes and sediment 
are good to excellent. ‘ 

Although Sn(IVl was the only inorganic tin species for which 
recoveries were determined, the tin present in the water, 
sediment and fish samples is reported as total inorganic tin, 
since any 5n(lIl which might have been present in our extracts 
would likely have been oxidized to Sn(IV) during pentylation. 

None of our results has been corrected for recovery. 

Considering that a fairly specific detector for tin was used 
in the analyses, identities of the butylpentyltin derivatives 
were deemed to be confirmed by co-chromatography with authentic 
standards on two column packing materials of very different 
polarity. This same criterion of identification was used for 
those mixed methylbutyltin compounds which were occasionally 
observed in the water and sediment samples.

A 

In the quantitation of the butylpentyltin derivatives, use 
was made of appropriate reagent blanks. The results summarized 
below are all above the limit of quantitation, as opposed to the 
limit of detection. The limit of quantitation is defined as the 
reagent blank value plus ten times its standard deviation (27). 
For these analyses, this was equivalent to stating that a 
chromatographic peak was not accepted as real unless it iwas at 
least 2 to 3 times as large as any corresponding peak in the 
reagent blank. 

Our survey of water and sediment samples collected from 30 
locations in Ontario in 1981 demonstrated the presence of 
tributyltin, dibutyltin, monobutyltin and inorganic tin in 
harbours, marinas and shipping channels (26,28). Recently we 
completed a survey for tributyltin in water and sediment from 875 
locations across' Canada (25). ‘ The results are summarized in 

In subsurface water, tributyltin was determined reliably in 
Q3 of 221 samples. In general it was found in areas of heavy 
boating or shipping traffic, which is consistent with its use as 
an antifouling agent. The highest concentration of tributyltin 
found was in a harbour in Port Hope, Ontario, on the north shore 
of Lake Ontario. The concentration was 2.3 ug SnlL, which is

5



about one quarter of the QB hr LC-50 value for adult rainbow 

trout (21), and in addition it exceeds the 12 day LC*l00 value of 

1.8 ug Sn/L for rainbow trout yolk sac fry 
(20). At another 7 

locations the tributyltin concentration was 
less than 1.8 ug Sn/L 

but greater than 0.37 ug Sn/L, a concentration which was 
found, 

over a period of 110 days, to cause a significant and dose- 

related growth retardation in rainbow trout yolk 
sac fry (20). 

At a further 13 locations the tributyltin concentration 
was less 

than 0.37 ug Sn/L but greater than 
0.07 ug Sn/L, a concentration 

at which growth retardation of rainbow trout 
yolk sac fry- over 

ll0 days was observed, but was significant only during the 
last 

few weeks of the exposure period (20). Therefore in 21 of these 

k3 locations at which tributyltin was 
determined reliably, there 

may be cause for concern with regard to chronic toxicity or 

effects _in sensitive organisms. These 21 locations represent 

about 10% of all locations at which water samples were 
taken. 

The tributyltin concentrations observed in water in this 

survey are similar to those found earlier in the Ontario survey 

(28), but are generally higher than those in 
seawater in England 

(29), rivers and lakes in Switzerland (30), and San Diego Bay in 

the United States (31). 

No attempt was made to determine the partitioning of 

tributyltin between suspended solids and solution since the 

solids-to-water partition coefficient of 3000 ug/kg/ug/L at a 

suspended solids concentration of 10 mg/L (32) indicates that 

most tributyltin is associated with the aqueous phase of the 

water column and very little is adsorbed onto 
suspended solids. 

we assume, therefore, that all the tributyltin found in water is 

bioavailable and potentially toxic to aquatic 
life- 

As far as the sediments are concerned, tributyltin was 

determined reliably in 78 of 235 samples. ln general the pattern 

of its occurrence was similar to its pattern in water. The ten 

highest concentrations, up to about ll mg/kg dry weight, were all 

found in different parts of Vancouver Harbour. However, the 

toxicological significance of sediment4associated tributyltin 
is 

at present difficult to assess. 

There are few other data with which to compare 
the sediment 

results. with the exception of the high concentrations in 

Vancouver Harbour, the concentrations in sediment reported in 

this survey are similar to those found in our earlier survey in 

Ontario (Eh), and to the concentration in one Japanese river 

sediment (33), but generally exceed tributyltin concentrations 

found in four Swiss lake sediments (30). 

'As far as the fish are concerned, only l8 fish were 

analyied, so it is impossible to generalize on the results. 
The 

only fish which contained tributyltin were from 
harbours, which 

is at least consistent with the findings in 
water and sediment. 

In addition to tributyltin, the much less toxic dibutyltin, 

monobutyltin and inorganic tin were found in the 
water, sediment

6



and fish samples. The results are also summarized in Table 2. 

Dibutyltin could be introduced to water itself since dibutyltin 

compounds are used as poly(vinyl chloride) stabilizers. He 

think, however, it is more likely that it is a degradation 

product of tributyltin. To our knowledge, monobutyltin compounds 

are not used commercially in Canada, so the monobutyltin found is 

probably a degradation product of dibutyltin. 
The inorganic tin 

found quite frequently of course occurs 
naturally. However, it 

may also be introduced to water anthropogenically in the 

inorganic form, or it may be a degradation product of 
organotin 

compounds. 
»

' 

ln addition to the butyltin species and inorganic tin, a 

number of other organotin compounds were found 
in the survey, as 

shown in Table 3. 

Tetrabutyltin was only found in 2 of 221 water 
samples and l 

of 235 sediment samples. Although it is possible to produce 

tetrabutyltin through a second order disproportionation of two 

lesser butylated species, this is unlikely considering the low 

concentrations of butyltin species found in aquatic environments. 

Instead, -it is more likely that the tetrabutyltin was 
simply a 

contaminant of some tributyltin-containing antifouling 

formulations. 

A few years ago, the finding of tributylmethyltin and 

dibutyldimethyltin in the sediments of four harbours in Ontario 

at relatively high concentrations with respect 
to tributyltin and 

dibutyltin (26) prompted the speculation that methylation of 

butyltin species may be a significant pathway of 
transformation 

in aquatic environments. This national survey has shown, 

however, that butylmethyltin compounds were only found 

infrequently in water and sediment. Tributylmethyltin was found 

in only 7 of 221 water samples and l of 235 sediment samples, 

compared with 63 water samples and 78 sediment samples for 
the 

parent tributyltin. In general, tributyltin concentrations were 

greater than tributylmethyltin concentrations in water and 

sediment in those locations at which both species were‘ found. 

The same is true for dibutyltin compared to 
dibutyldimethyltin, 

and monobutyltin compared to butyltrimethyltin. Therefore, 

although it is likely that the butylmethyltin compounds 
resulted 

from the methylation of butyltin species in water or sediment, 

this survey demonstrates that methylation is probably not a 

significant pathway of transformation of butyltin species. 

Support for this conclusion is also provided by our work 
on the 

biological degradation of tributyltin which is described 
below.- 

Table 3 also shows that the methyltin, dimethyltin and 

trimethyltin species were found in water, sediment and fish, but 

much less frequently than the butyltin species. Although the 

dimethyltin species is used as a poly(vinyl chloride) 
stabilizer, 

we think it is more likely that these three methyltin species 

result from the methylation of inorganic tin in aquatic 

environments. The concentrations observed in water in this 

survey are similar to those observed earlier in Ontario (28) ad
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in a variety of natural waters elsewhere (3h*38). In sediments, 
the monomethyltin species was found at fairly high concentrations 
in some harbours in New Brunswick on Canada's east coast, up to 
l7 mg Sn/kg dry weight. As with tributyltin, however, the 
toxicological significance of sediment-associated residues of 
methyltin species is unknown. It should be noted that methyltin 
species are far less toxic than tributyltin to aquatic organisms 
(7,l7)'

' 

The hazard posed by tributyltin to an organism in water or 
sediment may be viewed as a function of its toxicity and its 
concentration and its persistence in water or sediment. ln 
general, the persistence of a chemical in aquatic ecosystems is a 
function of physical (e.g., volatilization and adsorption to 
suspended solids and sediment), chemical (e.g., chemical and 
photochemical degradation) and biological (etg., uptake and 
biological degradation) removal mechanisms, in addition to simple 
water flow; e 

Volatilization of tributyltin from water is negligible over 
a period of at least 2 months at 20 degrees (39). Adsorption to 
sterile sediment is fairly strong, and the half—life of 
desorption appears to be at least 10 months at E0 degrees (26). 
The rate of adsorption to sediment would be a function of 
currents and the rate of sedimentation of suspended solids. 

In natural waters, tributyltin is chemically stable at 20 
degrees over at least ll months, but in sunlight it undergoes a 
slow photolytic degradation, at least partially by stepwise 
debutylation to inorganic tin (39). The half-life is at least 3 
months. 

Hith regard to biological degradation, we have shown ii) 
that oligochaete worms can take up tributyltin from sediment, and 
can degrade it (26), (ii) the presence of tributyltin and its 
degradation products in fish taken from some harbours (25), and 
(iii) that a common alga, Ankistrodesmus falcatus, can degrade 
tributyltin, but at algal cell concentrations far in excess of 
natural populations (40). »Hore appropriate estimates of the 
persistence of tributyltin with regard to biological degradation 
are provided by experiments done on tributyltin incubated with 
water and water-sediment mixtures from Toronto Harbour (26). 
These experiments have shown that the half-lives at 20 degrees 
are 5 months in water alone and 4 months in a waterrsediment 
mixture. In those experiments in which biological degradation 
was suppressed by cyanide there was, within experimental error» 
no strictly chemical degradation of tributyltin in distilled 
water, harbour water or harbour water-sediment mixtures over 
approximately ll months in the dark at 20 degrees. ' 

Some methylated tin species were occasionally detected in 
these degradation experiments in water alone and in the water- 
sediment mixtures, but not in the sterile blanks. The species 
identified were the methyltin and dimethyltin species, and the 
compouds tributylmethyltin and dibutyldimethyltin. These four



methylated species were not consistently detected in the 
degradation experiments, however. There was no clear pattern for 
their appearance or disappearance. One reason for this is that 
at least one.(dibutyldimethyltin) and possibly two (dimethyltin) 
of these species suffer some evaporative loss in the 
determination of the butylpentyltin derivatives. Nevertheless, a 
mass balance on the butyltin species and inorganic tin at the end 
of the degradation experiments indicates that within experimental 
error they account for virtually all of the original tributyltin, 
so methylation of tributyltin and its degradation products- does 
not appear to be significant, at least on the time scale of these 
experiments. 

He have established that the half-lives of biological 
degradation of tributyltin under aerobic conditions at 20 degrees 
are 5 months in fresh water alone and 4 months in a water- 
sediment mixture (26). Recently, we have found that bacteria 
from Toronto Harbour sediment degrade tributyltin about twice _as 
fast under anaerobic conditions as under aerobic conditions (bl). 
Therefore, estimates’ of persistence of tributyltin in aquatic 
ecosystems must take into account whether the system is aerobic 
or anaerobic. At 20 degrees, then, we estimate the half—life of 
tributyltin in fresh water to be of the order of 2 to 5 months. 
with a more realistic temperature of, e.g., 10 degrees for 
Canadian aquatic ecosystems on an annual basis, one might expect 
a doubling of these half*lives. ’ 

ln conclusion, it appears that the main factors limiting the 
persistence of tributyltin in fresh water aquatic ecosystems are 
sunlight degradation in water and biological degradation in water 
and sediment, and under Canadian climatic conditions the halfc 
life of tributyltin is likely to be at least a few to several 
months. 
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Table 3. Other Organotin Ocmpounds Found in Natimal Survey 

Compound Watef sedinent Fish 

BU4Sn 

mew 
W825» 
BuMe3Sn 

MeSn3+ 

"'*=2$“2+ 

Me3Sfi+ 

2/221 

1/22-1 

4/221 

0/22.l 

s/221 

0/221 

3/221 

1/235 

1/235 

0/235 

1/235 

14/235 

1/235 

10/235 

0/18 

0/18 

0/18 

0/18 

4/18 

1/18 

0/18 
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