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Organotin compounds are widely used in a variety of industries for their
antibacterial and fungicidal properties (1-3). While they have a broader
range of technological applications than the organic compounds of other
metals (4), there are concerns surrounding their use due to environmental
pollution considerations and potential toxicity to mammals. This is because
some organotins are known to be harmful to aquatic organisms, while
others may act as immunotoxins (5), or as endocrine disruptors that

affect reproduction (5-9).

Organotin compounds—also known as tin
organics and stannanes—are comprised of
tin bonded to hydrocarbon substituents.
They are classified as mono-, di-, tri-,

and tetra-substituted, according to the
number of organic groups they contain

(9) (Figure 1). Organotin compounds serve
different purposes depending on the
extent of substitution. Tetra-substituted
organotins—such as tetrabutyltin,
tetraoctyltin, and tetraphenyltin—can be
used as starting materials or catalysts. They

A

are ineffective as biocides, and relatively
non-toxic (10).

Tri-substituted organotins have
fungicidal and bactericidal properties
(1-3,10), conferred by the organic groups
attached. Triphenyltins, for example, are
typically used in antifouling paints—a
practice now banned internationally—
and as agricultural fungicides, as well as
miticides and acaricides (10). Tributyltins are
industrial biocides that have been used in
antifouling paints and in wood treatments
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and preservatives. They are also used as
disinfectants and molluscicides, and as
antifungal agents in textiles and industrial
water systems, such as cooling tower and
refrigeration water systems. They can even
be used for the control of the tropical
disease schistosomiasis.

Di-substituted organotins—for example,
dibutyltin and dioctyltin—are used
as catalysts in the silicone curing and
production of polyurethane foam, and as
polyvinyl chloride (PVC) heat stabilizers.
Similarly, mono-substituted organotins—
such as methyltin, butyltin, octyltin, and
monoestertins—are employed as PVC heat
stabilizers (8-9).

The European Union permits the use of
2-ethylhexyl 10-ethyl-4,4-dioctyl-7-oxo-
8-o0xa-3,5-dithia-4-stannatetradecanoate
(DOTE) as an additive in the manufacture of
plastic food-contact materials and articles,
subject to certain restrictions (11). MOTE
(2-ethylhexyl 10-ethyl-4-[[2-[(2-ethylhexyl)
oxy]-2-oxoethyl]thio]-4-octyl-7-oxo-8-
oxa-3,5-dithia-4-stannatetradecanoate) is
used as a polyurethane catalyst andplastic
stabilizer (12).

Origins of Organotins

Organotins are typically found in PVC
products, water pipes, food wrap,
polyurethane coatings, polyester, plastic

trims, textiles, leather, screen prints,
biocides, and pesticides, as well as inks and
marine antifouling paints (5,8,9). They may
also be found in silicone, due to their use as
catalysts in the production process (9).

Environmental Impact of Organotins
Concerns around the persistence,
bioaccumulation, and toxicity of
organotins have led countries across

the world to introduce legislation
restricting their use. Tetraorganotins,
although relatively non-toxic, can slowly
decompose or metabolize to tri-substituted
compounds (10)—such as tributylin—
which are considered the most toxic
organotin variants (8). They may induce
immunological impairment (5,13), act

as neurotoxins—inducing behavioural
abnormalities, as well as being toxic to

the developing central nervous system—
or as endocrine disrupters that disturb
steroid biosynthesis and degradation,

as well as affecting reproduction (5-6).
Dioctyltin derivatives have also been listed
as substances of very high concern due to
their toxicity towards reproduction (14).
Tributyltin and its degradation products—
dibutyltin and monobutyltin—remain in
marine sediments for many years, and
trialkyltins in general are known to be toxic
to aquatic life. In addition, the primary
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source of human exposure to organotin

compounds is seafood (13). Consequently,

their use in marine antifouling paints is
prohibited because the residues present

an environmental and health hazard
(1-3,6). Food and potable water can also
suffer from organotin contamination from
industrial effluents, and via leaching from
PVC water pipes (15). Compounds such as
dibutyltin and tributyltin may cause skin
irritation and eye irritation (9). DOTE—
which is not manufactured, imported, or
marketed as a mono-constituent substance,
but only in reaction mass with MOTE (16)—
is proposed for inclusion in the REACH
Authorization List (Annex XIV of the REACH
Regulation), as both compounds are toxic to
reproduction (11,16,17).

Regulations and Restrictions

The global use of organotins is governed by
a number of regulations and

restrictions. European regulations include
REACH annex XVII, REACH Restricted
Substance List 2021 (18), and the REACH
Candidate List (14,17). Under REACH

annex XVII, organostannic compounds
(entry 20) (4) dibutyltin, dioctyltin, and
tri-substituted organotin compounds are
restricted to 0.1% tin by weight when used
as antifouling agents in paints. Similarly,
organotin compounds included in the
REACH Candidate List are restricted to 1%
by weight.

Elsewhere, the use of organotins is
governed by country-specific regulations,
including:

e Japan (9):

Act on Control of Household Products

Containing Harmful Substances (Act No.

112 of 1973) (19)
¢ South Korea (9):

Safety/Quality Labeling Act (KC) (20)

Self-Requlatory Safety Confirmation

Act (21)

e Australia:

Workplace exposure standards for

airborne contaminants (2019)

regulations (22)

Australian Water Quality Guidelines

for Fresh and Marine Waters

(ANZECC, 1992) (23).

Analytical Challenges

Stability: Most organotins are stable

in neat form although some, such as
tri-n-octyltin chloride, may form precipitates
on storage. However, they are considered
unstable in solution—particularly some
monochlorides—where they may
decompose into unknown degradation
products or, under certain conditions,

the position of the alkyl substitutions

may change. Consequently, ISO methods
recommend that organotin solutions are
used for no more than three to 12 months
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after preparation, and are stored in a cold,
dark environment (24,25).

Purity: While many commercially
available organotins claim to have high
purity, this quality often falls well below
the specifications stated. Products
promoted as pure compounds may also
contain other organotins that are likely
to be co-analyzed, resulting in incorrect
results. Most commercially sourced
products require extensive purification
before they can be released as reference
materials, and in some instances, the
only route to reliable and high purity
reference materials is to synthesize the
required compounds. Purity is assessed
by derivatization with a Grignard
reagent, followed by analysis by gas
chromatography (GC), quantitative
nuclear magnetic resonance (QNMR),

and other relevant methods, including
direct liquid chromatography—mass
spectrometry (LC-MS)

Multiple Stable Isotopes: Mass
spectrometry analysis is complicated by the
fact that tin has 10 stable isotopes—more
than any other element. '°Sn is the most
abundant isotope, accounting for almost a
third of all tin, although "'®Sn and "'*Sn are
also common. As a result, the analysis of
mixes of organotin compounds can lead to
quite complex spectra.
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Analysis of Organotins

Most organotin analysis is associated

with the determination of levels in soils

and sediments in rivers and harbours,

as specified in ISO 17353:2004

Water quality—Determination of

Selected Organotin Compounds—Gas

Chromatographic Method (24) and ISO

23161.2:2018 Soil quality—Determination

of Selected Organotin Compounds—Gas

chromatographic Method (25). These are

complemented by the more recent /SO

22744.1:2020 Textiles and Textile Products—

Determination of Organotin Compounds—

Part 1: Derivatization Method Using Gas

Chromatography (26) and ISO 22744.2:2020

Textiles and textile products—Determination

of Organotin Compounds—~Part 2: Direct

Method using Liquid Chromatography (27).
GC and GC-MS quantification of

organotin compounds is based on

alkylation of organotin chlorides to form

tetrasubstituted ethyl derivatives (1):

Et, BNa
R,SnCl + (n-Propyl), SnCl —_— R,SnEt + (n-Propyl), SnEt

Analyte  Internal Analyte Internal 1 ]
standard derivatives  standard derivative

Commonly employed internal standards
include:

e Tri-substituted organotin compounds that
are not present in industrial products,
typically tripropyltin chloride and
triheptyltin chloride

¢ Deuterated compounds
e Trialkyltin chlorides based on one stable tin
isotope.

The US EPA Validated Test Method
8323-01: Determination of Organotins by
Micro-Liquid Chromatography-Electrospray
lon Trap Mass Spectrometry (28) offers
an alternative approach. This method
describes the use of solid-phase extraction
discs, solvent extractions (for biological
tissues), and micro-liquid chromatography
(uLC) coupled with electrospray ion trap
mass spectrometry (ES-ITMS) for the
determination of organotins (as the cation)
in waters and biological tissues.

Alternative Antifouling Agents
The ban on the use of organotins such
as tributyltin chloride as antifouling
agents has been a great success,

and they have now been replaced

by copper and zinc compounds and
organics, for example, tralopyril (29) and
dichlorooctylisothiazolinone (DCOIT)
(30). However, robust environmental risk
assessments on substitute agents are
required to fully evaluate the risk.

Conclusions
Organotin compounds have wide-ranging
applications; however, their use is not

without risk to human health and the
environment. In many countries, regulations
are in place to monitor and control

their use to help mitigate these harms.
Analysis is required to assess compliance
with restrictions, but this is subject to
complications, such as low and incorrectly
declared purity of standards, cross-
contamination, and instability in solution.
Care should be taken to select appropriate
references to ensure the accuracy of
conclusions drawn from the data collected.
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