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Determination of Tributyltin in the

derivatized extract is then cleaned by fluorisil
column chromatography and analyzed by capillary
gas chromatography with flame photometric de-
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tection or gas chromatography-mass spectrometry.

R. G. Huggett, M. A. Unger, F. A.
Espourteille, and C. D. Rice

Tripentyltin chloride is added as an internal stan-

dard before extraction of the sample [4].
The methodology for quantification of TBT in
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sediments and tissue differs from the water procedure only in the extraction steps. Anhydrous
sodium sulfate and precipitated silica are added to
wet tissue or sediment to dessicate the sample. It is
then frozen to lyse cells and ground to a fine pow-
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Introduction

der consistency. The TBT is removed from the
sample by soxhlet extraction with n-hexane. The

Tributyltin (TBT) is a biocide used in antifouling
paints to protect hulls from nuisance organisms
such as barnacles, worms and algae. The use of
TBT paints has increased over the past decade due
to its effectiveness as an antifoulant which is related to its toxicity. Water concentrations of less
than 100 ng L- have been shown to harm some
aquatic species in laboratory tests and observations
in the natural environment indicate that levels below 10 ng L- may be harmful. Tributyltin is bioconcentrated by many species to levels of one
thousand, or more, times ambient water concentrations. Sediment-water partitioning coefficients for
TBT of 100-10,000 have been reported [1]. The
extreme toxicity of TBT challenges the analytical
chemist to accurately and precisely determine ambient TBT concentrations in water at or below I ng
L' and in sediments and tissue at concentrations
ranging from pLgkg-' to mg kg-'.

extract is then processed by the same procedure

used for water extracts [5].

Discussion
The methodologies described above are straightforward, but a unique set of problems emerge when

attempting to quantitate TBT at low ng L`- concentrations. For instance, most commercial sup-

plies of the Grignard reagent contain organotins as
contaminants. This occurs because the same inert
atmosphere apparatus is often used to synthesize

organotins and Grignard reagents. Some commercial Grignard reagents were found to contain TBT
at levels as high as several mg kg-'. A contamination-free commercial source of n-hexyl magnesium
bromide has since been found which now allows us
to quantify TBT in water at less than I ng L-'.
Sediment and tissue analyses are more complex
than those for water. The material is difficult to
extract from these matrices and the analyst must be

Methods and Procedures

cautious not to degrade or alter the substance in the
process. Additionally, compounds that may inter-

Tributyltin is often derivatized to convert the
substance to a more volatile compound to facilitate
analyses [2,3]. Our methodology for water involves
liquid-liquid extraction of an acidified sample with
tropolone and n-hexane. This is followed by the

fere with TBT analyses are more abundant in tissue
and sediment than in water. This is particularly
true for samples collected from marinas and har-

bors which experience hydrocarbon pollution from

generation of n-hexyltributyltin, using the Grignard reagent,

oil spills and bilge waters.

n-hexyl magnesium bromide. The
277
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Sampling frequency is an important aspect of
any analytical investigation involving chemical

other dissolved constituents, must be carefully designed with particular attention given to natural
variability if short-term trend analyses (e.g., over I
or 2 years) are desired.

contamination of the natural environment. Our
work with TBT confirms this statement. The natu-

The proper interpretation of environmental

ral variability of TBT concentrations in water, sediment or tissue is large. Table 1 shows the
concentrations of TBT in 19 individual oysters,
Crassostreavirginica, collected from a single location in the James River, VA [6]. The lowest concentration differs from the highest by more than a

chemical monitoring data depends not only on the
accuracy and precision of the analyses but also on
how well the samples represent the system being
investigated. The authors suggest that more attention should be given to sampling in the total analytical scheme.

factor of two. Water samples collected at the same
location and at the same phase of the tide can vary
by an order of magnitude within a one week period. Samples collected at the same time but a few
hundred meters apart can be vastly different in
concentration [7]. There are a number of factors
responsible for this natural variability. These include wind conditions which influence both the
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amplitude of the tides and the mixing of the water
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mass, the ever-changing number of vessels in the
vicinity of the sampling sites and the age of the
paint films, since the release of TBT from the
paints is somewhat time dependent. Figure I shows
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below surface) collected from the same location on
high slack tides over an 18-month period. Such
grams, and perhaps
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Table i. Concentrations of tributyltin in oysters, Crassostrea virginica, from a single location in the James River, VA
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Figure 1. Tributyltin in near surface waters from Sarah Creek,
VA over an 18-month period.
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301
285
211
515
280
345
386
254
374
258
411
446
480
311
264
379
373
325
325
given as TBT, dry weight.
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factors, ambient temperature and the composition

of the particulate phase. The major sources of anthropogenic chemicals emitted into the atmosphere
are combustion and volatilization, and the more
volatile species are often present in high concentrations. This is demonstrated in figure I for a series of

aromatic hydrocarbons. Literature values for ambient benzene and toluene concentrations [1] and the

ambient concentration data we obtained for polycyclic aromatic hydrocarbons (PAH) at Glendora,
CA, in August 1986 are shown plotted against their

room temperature vapor pressures [2,3]. Thus, to
measure ambient concentrations of the complete
range of PAH and nitroarenes (which are generally

Analysis of Gaseousand Particle-

at least an order of magnitude less abundant than

AssociatedPAH and Nitroarenes

the parent PAH), complementary sampling and
analysis techniques are required.
Indicated in table I are the sampling technique(s)

in Ambient Air

which provided quantitative concentration values-

Janet Arey, Barbara Zielinska,
Roger Atkinson, and Arthur M. Winer
StatewideAir Pollution Research Center

for the listed PAH during 12-h sampling periods.
The sampling techniques employed were: sampling

at I L min- onto cartridges containing 0.1 g of
Tenax GC solid adsorbent (low-flow Tenax), sampling at 10 L min-' onto 0.6 g of Tenax (high-flow
Tenax), sampling at 30 SCFM onto four
polyurethane foam (PUF) plugs located in series
downstream from Teflon-impregnated glass fiber
(TIGF) filters in modified high-volume samplers,

University of California
Riverside, CA 92521
The organic species present in ambient air vary
considerably in volatility and concentration and
are distributed between the gaseous and particulate
phases. This distribution depends on, among other

and standard high-volume sampling at 40 SCFM
onto TIGF filters. Crucial to the quantification

Table 1. PAH quantitatively measured and the sampling techniques employed at Glendora, CA, in
August 1986

mrw.

PAH

128
142
142
154
154
166
178
178
184
202

Naphthalene
I-Methylnaphthalene
2-Methylnaphthalene
Biphenyl
Acenaphthene
Fluorene
Phenanthrene
Anthracene
Dibenzothiophene
Fluoranthene

202

Pyrene

Lowflow
Tenax
X
X
X

228
Chrysene/Triphenylene
Higher Molecular Weight PAH

Highflow
Tenax

x
X
X
X
X
X

PUF
plugs

Filter

Comment
Ave. 2% on back-up Tenax
Low- and high-flow Tenax agree
Low- and high-flow Tenax agree
Too low to quantify on low-flow Tenax
Too low to quantify on low-flow Tenax
IPUFs -25% high-flow value
< 10% on 4th PUF
Too low to quantify on high-flow Tenax

X
X
X
X

Partially gas-phase
Partially "blown-off' filter
< 10% on filter
Partially gas-phase
Partially "blown-off" filter
< 10% on filter
20-50% present on PUEs

x

Xx
X
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