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ABSTRACT

A reviewris presented of the analysis, occurrence and fate

of organotin compounds in the environment.

~The state of the art in analytical instrumentation is
generally adequate, although there are few published methods on media
‘other than water. Thé main classes of organotin compounds likely to
be found in the Canadian environment are methyl-, butyl-, phenyl—‘and
cyclohexyltin compounds, and most of these species can be. analyzed
satisfactorily using existing methods; however, it is desifable to
have a method which features continuous introduction of high pressure
liquid chromatographic eluent into a suitable detector for those

compounds, or conjugates, which are not volatile.

There are few data on the occurrence of organotin compounds
in the environment.. Some of those that have been detected are very

toxic to aquatic organisms.

Pefsistence .studies on the major classes of organotin
compounds have indicated that abiotic degradation generally occurs, as
does biological degradation, through mechanisms of sequential dealky-
lation or dearylafion. Adsorption to soils and sédiments appears to

be strong, although subsequent - mobilizatinn by biota cannot be ruled



out. In general, photolysis appears to_be the rAte;limiting degrada-
tive stép. Methylafion_ of tin' and organotins, although a slow
process, may nevertheless be significant with regard to transport of
tin in and from aquatic environments. Further iﬁformationAon'occur—
rence, persistence and fate of methyl-, butyl-, phenyl-  and éyclo?
hexyltin species is required before ‘environmental énd human health

risk assessments can be made.



INTRODUCTION

T.in as a metal and in its chemical compounds has a wide
varié_ty of use. Characteristically, in many of its applicatio.ns,' only
smali amounts of tin are ﬁeeded to see its effect. This is generally
true fo‘r the organotin compounds which, during the past thirty years,
have developed into important industrial commodities. A further
characteristic of tin is that it is unsurpassed by any other metal in
the multiplicity o.f -its organic applications. These involve such
widely divergent fields as stabilizers for polyvinyl chloride,
iﬁdustrial catalysts, industrial and agricultural.’ blocides, and wood-

preserving and antifouling agents, to mention only the most important

applications.

The annual world consumption of tin in all forms was about
200 million kg in .1976,' and of this total about 28 million kg was 1in
the form of organotin. compounds (Zuckerman et al. 1981). The US
consumption of ofganotin compounds was about 11 million kg in that
_yéar, and an 11 to 13%Z annual growth was predicted for the period

1978 to 1988. Comparable Canadian figures are not available.

The 1increasing annual use of organotin compounds, some of
which are very toxic, caused organotin compounds as a class to be

placed on the Department of the Environment's Environmental



Contaminants Act Category III 1ist, which essentially meant that

further information was required on their occurrence, persistence and
toxicity in order to make environmental and human health risk assess—
mentsl(Canada Department of Environment and,bepartment of National
Health and Welfare-1979). Since that time, the butyl- and methyltin
series of compounds have been found in some Canadian waters and

sediments (Maguire et al. 1982; Maguire 1984).

Acting independently of the Department of the Eﬂvironmeﬁt,
the Subcommittee on Water of the Associate Committee on Scientific
Critgria for Environmental Quality of the National Research Council of
Canada has identified Organotin Compounds in the Aquatic Environment
as a priority topic, and it is the intent;on of this committee to
produce a “"criteria document that will examine the critical scientific
issues surroundipg this topic and clarify the fundamental concepts on

which criteria are based”.

This review of the analytical mefhods for, and occurrehce
énd fate of, organotin compounds in the environment is a contribution
 to the National Research Council review and it also constitutes part
of an envirohmental risk assessment required by the Department of the

Environment under the Toxic Chemicals Management Program.



This review does not cover all aspects of organotin
compounds. Other aspects, including some earlier discussions on
environmental chemistry, have been the subjects of several excellent

reviews (Barnes and Stoner 1959; Ingham et al. 1960, Tobias 1966;

Coates et al. 1967; Neumann 1970; Poller 1970; Sawyer 1971; Zuckerman.

1976; Horwitz 1979; Piscator 1979; World Health Organization 1980;
Negishi 1980; Davies and Smith 1980; Duncan 1980; Bock.1981; Zuckerman

‘et al. 1981; Davies and Smith 1982).

ANALYTICAL METHODS

Table 1 describes analytical methods that have been used for
inorganic tin and organotin compounds in a variety of media, with

specific comments on methods where appropriate.

Compounds have generally been designated for convenience as
~cations since there is evidence that at least some organotin species

in water exist as cations (e.g., Tobias 1966; Maguire et al. 1983a);

where it 1s obvious that an ion is not involved (e.g., analysis of.

neat compound), then the relevant compound is noted. In addition, the
figures in the column entitled "MDL" (minimum detectable level) should
be regarded with caution since it is not yet common practice, however

desirable, to distinguish “limit of detection” from "limit of




quantitation”. In this regard, a good review, with guidelines, has
been published (American Chemical Society Committee on Environmental
Improvement and Subcommittee on Environmental Analytical Chémistry

1980)..

it should be recognized that no single metﬁod.will'be best
fof all types of organotin compounds and inorganic tin. The older
spectrophotometric methods have largely been supplanted By more sensi-
tive techniéues which empioy chromatoéraphic separation of different

tin—containing species.

Gas chromatographic separation of organotin compounds has
necessitated the preparation of suitably volatile analytes, and the
preparation of hydride (R,SnH, _.) and alkyl (RnSnR:-n) deriva-
tives has predominated. Hydride derivatives are usually generated in
situ, then swept into a cold trap or_ghroma;ééraphic column prior to
elution into the detector; thé advantage 1is that the volatiie anaiyte
- can be evolved from its matrix, with attendant gains in sensitivity
(e.g., Hodge_ggfgl. 1979). Alkyl derivatiyes"aré not prepared EQQEEEE
and thus are usualiy subjected to "clean-ﬁp" steps prior to analysis.
By such techniques, however, they can be greatly concentrated, facili-
tating analysis, and they are ﬁsually stable enough to be stored fér
long periods of time, unlike at 1east some hydrides (e.g., Soderquist

and Crosby 1978). Plasma atomic emission detectors offer good




sensitivity (and of course multi—elemeht capability); however the two
most common detectors in tﬁe gasbchromatographic trace analysis»of
organotin compounds are the flame photo@etric detector (FPD) and the
‘quartz tube furnace atomic absorptibn‘sﬁectrophotometer (AAS). »The
FPD dffefs truly outstanding sensitivity in those models which have
glass internal surfaces (e.g.; Aue and Fiinn 1980); .howevgr the
refracto:y combustion product Sn02'-méy accumulate on inférnal
surfaces, causing a decrease in détector sensitivity (e.g., Maguire
and Tkacz 1983). The quartz tube furnace — AAS techﬁique, introduced
by Chu et EEL' (1972) for other purposes, “has the advantages that
fouled furnaces are disposéble and that the technique may be used for

many different volatile metals or organometals.

Liquid chromatographic lseparafion» of organotin compounds
does ﬁot of course require thelpreﬁaration of volatile analytes, and
‘would in general be the method qf choice for analysis of ﬁon—volatiie
of high moleéular weight érganotin compounds were'it not for the fact
that the develppment.of sensitive detectors has been slower than in
the field of gas éhromatograpﬁy. Jewett and Brinkman (1981, and
refefénces therein) have used a .graphite furnace agomic absorption
spectrophotometer as a'defector f;r a high pressure liquid chromato-
graph (HPLC), but the connection is of necessity discontinuoﬁé, with
attendant loss of sensitivity. Burns et al. (1981) have suCcessfully"

coupled HPLC to a quartz tube furnace - AAS via a hydride genrator, in



the analysis of lower alkyltin species; however, it remains to be seen
if thié techpique is successful with larger organqtin moleculés. One
technique whiéh may have promise is the coupling of a microbore HPLC
to a flame photometric detector or a quartz tube furnace AAS. The
"small solvent flow rate (10 to 100_uL/min) in microbore HPLC has
already been shown to be compatible'with direct introduétiqn to flame
photometric and alkaline flame iOnization detectors inuthe analysis of

organophosphofus pesticides (McGﬁffin and Novotny 198la, 1981b).

ENVIRONMENTAL OCCURRENCE OF ORGANOTIN COMPOUNDS

Table 2 describes the environmental occurrence of tin and
organotin compounds. In general, contamination of the eﬁvironment by
inorganic tin 1is only slight; however, vincreased concentrations in
some sediments have been correlated with increasing anthropogenic
activity (e.g., Hallas and Cooney 1981; Goldberg et al. 1981). Byrd
and Andreae (1982) hgve estimated that waste incineration contributés
more tin to the atmosphere than all ofher combined anthropqgenic and

natural sources.

There have been few studies on the environmental occurrence

of organotin compounds. = Methyltin compounds have been detected in a



variety of bwatevrs (Braman and Tompkins 1979; Hédge et al. 1979; Byrd
and Andreae 1982; Jackson et al. 1982; Maguire et al. 1982; Tugrul
et il; 1983) and in sediment and aquatic biota (Tugrul Et_ﬁ__a_l. 1983).
.. The érjvironmental occurrence of methyll;in compounds may be a result of
anthfopogénic input, or the result of biologically=mediated methylé-
tion of in.organic_ tin which may or may not be -of anthrOpogehic
' oriéin. .In addition 1l;o methyltin compounds, methyltin hydrides have

~ been detected in some areas of Chesapeake Bay (Jackson et al. 1982).

The mofe toxic Eutyltin compounlds have been detected at
generally higher concentrations‘ than the methyltin compounds in some
waters (Hodge ia_l 1979; Jackson et al. 1982; Maguire et al. 1982)
and sediments (Seidel et al. 1980; Maguire 1984). The environmental
occurrence of butyltin compounds is a result of anthropogenic input
primarily thrdugh the use of tri-n-butyltin compounds as'antifouling
agents in marine paint. Inl Ontario, the occurrence of butyltin
compounds is largely restricﬁed to the water and sediments of har-
box_‘xrs, marinas and other areas of heavy boating or shipping activity.
In additi_on to butyltin compounds, butylmethyltin compounds have ‘been
detected in the ”sediments of some harb.ours_vr in Ont‘.ario (}{aguire 1984),
aﬁd are proﬁably the result of. biologically-mediated methylation of

anthropogenically-derived butyltin species.



ENVIRONMENTAL TRANSFORMATION AND FATE OF ORGANOTIN COMPOUNDS

The pefsistence and fate of any toxic substance in any

‘environmental “"compartment” is a function of the kinetics of a variety

of routes of degrada;ion and dissipation. From the aquatic point of

view, some of the mote important considerations, in addition tbléimple
water flow, are basic properties such as aqueous solubility, vapour
preésure and‘octanol—water partition coefficient, and such processeé
as hydroiysis .(or stability in the dark), volatilization, 'sﬁnlight
photolysis, adsbrption to suspended mat;er and to.sediménts, micro-

biological degradation or transformation and uptake by aquatic biota.

Before the literature is reviewed, there are a few points

worth noting.

The persistence of any organotin compound should not be
defined in terms of the time required for énidn exchange; this gives a
false impression of degradation kinetics when what is significant is a
definitiqn in terms of loés of alkyl or aryl 'groups, since the
toxicity of organotins to most organi#ns decreases with decreasing

number of organic substitutents at the tin atom.

The persistence of any toxic substance in a water—-sediment

system should not be solely defined-in terms of adsorption to sediment



since toxic residues could be mobilized again through sediment re-

suspension, or could be taken up by benthic biota.

- An important point to note with regard to photolysis is that
élthough the u_se‘of Hg lamps in the laboraﬁory y-iélds much useful
information on cﬁemical mechanisms, the use of envifonmentally more
relevant lightbsources (i.e.,>sunlightvor'appropriately filtered light
of suitable intensity) will yield more reliable estimates for persis=

tence vis—a-vis sunlight photolysis.

Some organotin species, and inorganic tin, under some condi- -
tions adsorb to Teflon and glass (Meinema et al. 1978; Maguire et al.

'1983a); such adsorption may vitiate the findings of some workers.

For convenience, the discussion on the persistence and fate

of tin and organotins will treat the compounds separately by class.

The Sn*% oxidation state is thermodynamically more stable
than Sn2%* and thus in most environmental compartmgnté, with the excep—
tion of sbme anaerobic sediments, inorganic tin will likely be foﬁnd
in the Sa*t state. Fanchiang and Wood (1981) have shown fhat fhe
half-life for oxidation of Sn?t to Sn*t 1s about 2 d in oxygenated

water at 23°C.
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Several workers have shown phat sn*t can be methyléted in
nutrient medium or natural water—sediment mixtures;'MeSn3+,bMe28n2+,
_Me3Sn+, Me, Sn apd a methyltin hydride of unknown composition (but more
volatile than Me,Sn) have been variously identified as products. 1In
only one casé were yields given, and they wete vanishingly _small
(£0.008% = Chau et al. 1981); nevertheiess, me;ﬁylation of inorganic
tin should not be discounted as a significant environmental phenome-
non, »éince the process' (1) can convert tin fo. ﬁore volatile forms
capable of atmospheric redistribution, andv(ii) can convert tin to
more toxic fotgs. In this 1latter context, however, the toxicity
difference befween methyltin compounds and ihbrganic tin is not as

gréat as that between methylmercury and inorganic mercury.

 Methy1tiﬁ species can also be further methylated in natural
water-sediment systems. The process ﬁay be bettér described as being
biologically mediated rather fhan solely biomethylation since, for
example, Méan may result from dispropprtionation' of lesser-methylated
species (Guard -SE.JEl' 1981), or of a methyltin hydrideb (Jackson
et al. 1982). Methyltin compounds can also be sequentially démethyla-
téd.to,inorganic tin by photolysis (Blunden 1983), but an estimate of
an “enviroﬁmental half-1ife"” is uncertain since light of waveiengths
less than 290 nm (the lower limit for sunlight) was used. Estimated
lower limits for these photolytic halfvlives in water are 30 hr for

Me3Sn+, 300 hr for Me25n2'+ and 1500 hr for Mesn3t.



11

Ne;t Me3SnOH (and the bis oxide) will react with atmospheric
€Oz to produce (Me3Sn52003; however, in water, Me3Sx{+ will probably
remain as the hydrated cé;ion in ﬁhe presence of dissolved COZQ‘ This
pomment is appiicable to all those neat t;ialkyltin hydroxides or bis
(trialkyltin) 'oxides which react with atmospheric CO, to yield

carbonates.

Ethyltin species are dealkylated Lin maﬁmals, but 1little

reliable information is available on environmental persistence or

fate; these comments are also applicable to propyl-, pentyl-, hexyl-,

octyl- and mixed cyclohexylphenyltin compounds. These six classes of.

organotin compoundé are either little~used or are not very toxic to

most organisms.

The literature on butyltin compounds is, by contrast, fairly

extensive. Butyltin species are sequentially dealkylayted by mammals,
sheepshead minnows,:one algal species and some fungal and bacterial
‘cultures, although an attempt at degrading Bu3Sn+ by tin-tolerant
-bacteria from Chesapeake Bay was wunsuccessful (Blair et al. 1982).
Thé-meqhanisﬁ of dealkylation in mammals appeérs to involve carbon-
hydroxylated intermediates. The maximum observed bioconcéntration
factor for Bu3Sn+ in whole sheepshead minnow was 2.6 x'103, and the

depuration 4first half-life"” was 7 d.
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The tributyltin Species does not lose bﬁtyl groups 1in the
dark, and does not‘§olatilize, over a pefiod of.at least two.months.
There 1is equivocal evidence for its strong binding to soils and
sediments; experimental complications include the formation of uhex-
tractable reéidues and microbial dealkylation. vSoil—bound -Bu38n+
shouid not be thought of as biol§gica11y unavailable; Gile et al.
.(1982) have pr¢sénted some equivocal evidence for its uptake by earth-
worms. Estimaﬁes of the sunlight photolytic half-life of Bu3Sn+-Vary
from 18 to 89 d; indeed, statements on the aquatié envirohﬁental
persistence of Buasn+ rest oﬁ this difference inihalf-life of what is
proﬁably the rate.limiting degradative process. Recoveries of products
of Bu3Sn'+ photolysis are generally poor. One reason for this, by
analogy with phenyltin compounds, may be that water—-soluble polymeric
di- and monobutyltin compounds are formed. There has been a report of
the occurrence of methylated derivatives .of tri- and dibutyltin
~ species thch suggests that methylation may be a significant pathway
of transformation of Bu3Sn; in sediment—water systems. |

-+

There are fewer data on BuZSn2+ and 'BuSn3 s photolytic

- half-lives are generally of the same order as'those_for Bu3Sn+-

Tricylohexyltin degrades in vivo (mammals) through sequen-
tial loss of cyclohexyl groups; carbon~hydroxylated intermediates are

involved. Photolysis on surfaces proceeds with an estimated "sunlight
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half-life” of 8 d, and appears to proceed through Sequentiai dealkyla-
“tion. Volatilization from water is at least ten times slower. There
is some evideﬁce for strong binding to soil and dealkylation by soil
- microbes. ‘Photolysis in water‘produces cyclohexane. and cyclohexanol,
indicating ﬁealkylation, but.ﬁalf-lives aré not aVailable. The above

statements are generally applicable to CyZSnz,+ and CySn3+.

The triphenyltin species suffers sequential deafylatioﬁ by
mAmmals and Bacteria. ‘ If appears to bind strongly to soll as evi-
denced by a 50% decrease 1in extractability over 40 d (Barnes et al.
‘1973). Sunlight photolysis on surfaces (t:% ~14 d) and in water
(t% 14 to 21 Q) apﬁears to proceed through sequential dearylation,
although there is evidence for formation of water—soluble polymeric
di- and mononhenyltin species. The Ph35n+ species is stable in water
in the dark for over a month, and is slowly degraded (t% ~140 d) by
microbes in soil. At idw concentrations, PhZSn2+ and Phsn®? are much
less stable in Wa£er (t%¥ is several minutes for PhSnsf aﬁd 3 4d for

PhZSn2+), and there is evidence for formation of water-soluble poly-

meric tin species.
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