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Organotin compounds, especially tributyltin,
began to cause concern 10 years ago due to a high
toxicity towards marine organisms. Several meth-
ods of analysing organotin compounds in various
matrices have already been developed to deter-
mine organotin species simultaneously, but these
are quite expensive as special equipment and spe-
cialized staff are needed. A simple screening
method, which determines the organic tin com-
pounds in the sediment, has therefore been deve-
loped and validated. The method can easily be
implemented in laboratories accustomed to trace-
element analyses; the sediment is extracted by a
two-phase extraction and the organic extract is
analysed using graphite furnace atomic absorption
spectrometry (GF AA.) The screening method has
been validated wusing high-pressure liquid
chromatography-inductively coupled plasma mass
spectrometry (HPLC-ICP MS).
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INTRODUCTION

Organotin compounds are widely used biocidal
agents. They are effective as antifouling agents,
e.g. to prevent growth of algae and molluscs on
commercial and merchant ships and pleasure craft
as well on nets in fish and shellfish farms. Some of
the most common organotin compounds in anti-
fouling paints are bis(tributyltin) oxide and tribu-
tyltin fluoride. Unfortunately they have severe
biological effects on nontarget organisms at very
low concentrations.! Gibbs ef al.? showed results
indicating that some sterile females of dogwhelk
Nucella lapillus had been exposed to tributyltin
levels as low as 1-2ng Snl1™",

Tributyltin species introduced to natural waters
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will mainly be adsorbed onto particles including
sediment. Tributyltin compounds have a relati-
vely low mobility in the aquatic environment
because of their low solubility in water and high
affinity for sediment. Once adsorbed, tributyltin
decreases mainly by degradation. The half-time
for degradation of tributyltin in seawater at 20 °C
is 3-8 days in light and 7-13 days in darkness.’ It
is known that the degradation rate of tributyltin in
sediment is slower than in the water column,
particularly under anaerobic conditions. In aero-
bic sediment the half-time has been measured to
be between half to one year and about two years
in anaerobic sediment.>*

Enhanced concentrations of organotin in the
marine environment are still a problem because
antifoulants containing it are used on merchant
ships, even though it has been banned for use on
small ships in many countries. Due to the relati-
vely slow decomposition rate, high concentrations
of organotin are expected to be found in the
future, especially in harbours and in the sur-
roundings, where high concentrations have
already been found. Dumping of dredged mat-
erial from harbours to less polluted areas will
result in increased numbers of contaminated
areas in the future.

Many methods have been published for deter-
mination of organotins in environmental samples,
including sediment. They are usually based on a
two phase extraction in which the organotin com-
pounds are extracted into an organic solvent fol-
lowed by a separation step often including a
derivatization procedure and then quantitative
determination using techniques such as atomic
absorption spectrometry, mass spectrometry,
flame photometric detection and electron capture
detection.’ !¢ These methods are in general quite
expensive as special equipment and specialized
staff are needed. It is not always possible to
estimate the accuracy and recovery of the meth-
ods based on the standard addition experiments
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often used for this purpose, but the introduction
of certified standard sediment for organotin'* can
facilitate this process in the future.

Our aim was to develop a simple sensitive
screening method for routine analysis of the total
organic tin concentration in sediments, which can
be implemented easily in laboratories accustomed
to trace-element analyses.

The sediment is extracted by a two-phase
extraction and the organic extract is analysed
using graphite furnace atomic absorption spectro-
metry (GF AA). The screening method has been
validated  using  high  pressure liquid
chromatography—inductively coupled plasma
mass spectrometry (HPLC-ICP MS).

Organic Sn in the text means the amount of
extractable tin and the concentrations given are
calculated as Sn.

MATERIALS AND METHODS

Glassware

Solvent extraction was carried out in 50 ml glass
centrifuge tubes with glass stoppers. All water
used was purified in a Millipore quality deminera-
lization system to 18 MQ. The cleaning procedure
for glassware was as follows: rinsing three times
with water, soaking for 24 h in 1% EDTA solu-
tion, rinsing again three times, soaking for at least
two hours in 0.7% HNO; solution, and finally
rinsing three times with water and drying at room
temperature.

Reagents

All reagents were of pro-analysis grade: metha-
nol, iso-octane, potassium dichromate, ammo-
nium dihydrogenphosphate and magnesium
nitrate were all from Merck, Germany and palla-
dium nitrate (10mgPdml™') was from Techno
Lab, Norway. The 9.5M (30%) hydrochloric acid
and 14.4 M (65%) nitric acid, both from Merck,
Germany, were of suprapur grade. Organotin
compounds used for standard solutions and spik-
ing experiments were also of pro-analysis grade:
tributyltin chloride and dibutyltin dichloride were
both from Fluka, Switzerland, and monobutyltin
trichloride was from Ventron, Germany.

Two freeze-dried certified reference sediments,
PACS-1 and BCSS-1, from the National Research
Council of Canada (CNRC) were used to opti-

Table 1 Certified values for organotins and inorganic tin in
standard sediments, PACS- 1 and BCSS-1 as Sn

(mg Sn/kg dry matter)

Tin species PACS-1 BCSS-1
Tributyltin 1.27+£0.22 Not certified
Dibutyltin 1.16+0.18 Not certified
Monobutyltin 0.28+0.17 Not certified
Inorganic tin 41.1+3.1 1.85+0.20

mize and validate the method. The certified
values of the sediments are given in Table 1.

Apparatus

The sediment samples were analysed using a
Perkin—-Elmer 5100 PC atomic absorption
spectrometer equipped with a 600 HGA 600
Zeeman graphite furnace and a AS-60 auto-
sampier. The instrumental condition and furnace
programme are given in Tables 2 and 3 respecti-
vely. The screening method was validated using a
Perkin—-Elmer model Elan 5100 inductively cou-
pled plasma mass spectrometer connected to a
Perkin—Elmer model 250 biocompatible binary
liquid chromatograph; the analysis parameters for
HPLC and ICP MS are listed in Tables 4 and 5
respectively.

Analyses

The extraction method used in this work was
based on the method by Siu' but some of the
extraction parameters have been modified to
improve the recovery. The influence of the para-
meters pretreatment, digestion procedure,
amount of extraction solvent, time duration plus
intensity of shaking and dilution of solution, were
investigated. The certified standard sediment

Table 2 Parameters for the graphite furnace atomic absorp-
tion spectrometer

Wavelength 286.3 nm
Irradiation source Tin electrodeless discharge lamp, 8 mA
Slit width 0.7

Signal Atomic absorption with background cor-
rection
Signal processing Peak area

Integration time  3s

Sample volume 15ul

Alternative volume 5 pl matrix modifier (potassium dichro-
mate)

Inert gas Argon

Rods Pyrolytically coated with L'vov platform
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Table 3 Temperature programme for the graphite furnace

Step Temperature Ramp time Hold time Flow
O (s) (s) (mlmin~")
1 90 3 10 300
2 140 5 40 300
3 500 15 30 300
4* 2100 0 3 30
5 2500 1 3 300

* Signal processing step.

PACS-1 was used in all the experiments unless
otherwise stated.

RESULTS

Optimized analytical procedure

The final recommended sample extraction pro-
cedure, as the result of the optimization, was as
follows. A 1g portion of freeze-dried sediment
was weighed accurately and transferred into a
50 ml centrifuge tube, then 2 ml methanol and
4 mi 9.5M hydrochloric acid were added to dis-
solve the organotin compounds. The mixtures
were mixed well using a whirl-mixer and the tubes
were left overnight with a glass stopper at room
temperature. Then 8 ml iso-octane was added and
the stoppered tubes were shaken vigorously for
60 min on a mechanical shaker, treated for 30 min
in an ultrasonic bath and centrifuged at 2000 rpm
for 10 min. Using a pipette, 1 ml of the iso-octane
phase was transferred into a 10 ml bottle and the
volume was made up to 10 ml with 0.1 M HNO; in
methanol. The rest of the iso-octane was
removed, another 8 ml iso-octane was added and
the extraction procedure was repeated as des-
cribed above. The extracts were stored in the
dark in a refrigerator at 5 °C until analysis and all
the experiments had been done in duplicate. The

Table 4 Parameters for liquid chromatography separation

Apparatus Perkin—-Elmer model 250 biocompatible bin-
ary LC pump with titan tubes and a valve
injector (Rheodyne model 7161) with 100 uL.
loop

Column 10 uM cation exchange column, (Whatman,
Partisil SCX, 250 mm X 4.6 mm)

Separation Isocratic elution at pH 6

Flow rate 1 ml min~!

0.18 M diammonium citrate in methanol-
water (60:40)

Mobile phase

Table 5 Analysis parameters of the inductively coupled
plasma mass spectrometer

Apparatus Perkin-Elmer, model Elan 5100 ICP MS
RF power 1300 W

Nebulizer flow rate 0.73 I min ™'

Auxiliary flow rate 2.0 I min™'

Plasma flow rate 12 1 min~’

samples could be stored at least overnight, as an
analysis of the same extracts immediately after
the extraction and after 24 h storage gave the
same results.

Pretreatment

Three natural sediment samples, both wet and
freeze-dried, were analysed and the results are
given in Table 6. In the sediment sample from
location 1 more organotin was extracted from the
wet sediment sample than from the freeze-dried
sample. This could have been due to inhomoge-
neity in the sediment sample, caused for example
by scraps of antifouling paint used on the boats.
Wet sediment samples could vary in water con-
tent and they had a tendency to clot; it was also
easier to take a homogeneous subsample from a
freeze-dried sediment sample. All sediments were
freeze dried in the further experiments even
though no firm conclusion regarding the influence
of the pretreatment of the sediments on the reco-
very could be drawn on the basis of the few
results.

Digestion procedure

The influence on the recovery of varying the
ratios of methanol and hydrochloric acid to the
amount of sediment was investigated. The highest
recovery was achieved when digesting 1 g freeze-

Table 6 Comparison of the organotin content calculated as
Sn in wet and freeze dried sediment samples from Skovshoved
marina collected on 12 August 1991

Wet sample Freeze-dried sample
(ug org.Sn/g dry (png org.Sn/g dry
matter) matter)
Location Average Sp? Average Sb?
1 8.52 4.16 1.25 0.13
2 1.76 0.29 3.82 1.11
3 <d.l.b <d.l. 0.45 0.42

Number of replicates, n=6.
“SD, standard deviation. °d.l., detection limit.
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Table 7 The influence of the extraction parameters on the
recovery percent of organotin in PACS-1

Parameter Test 1 Test 2 Test 3
Wt PACS-1 (gram) 2 1 1
Volume iso-octane 1x4ml 2x4ml 2x8ml
Duration of ultrasound (min) 0 10 30
Recovery (%) 10 45 80

dried sediment with 4 ml hydrochloric acid and
2ml methanol. Leaving sediment, hydrochloric
acid and methanol overnight for 16-18 h resulted
in the same recovery as treating the mixture with
ultrasound for 1 h. A further increase in the time
of ultrasound had no effect on the recovery. The
overnight digestion procedure was chosen to save
time on the day of extraction.

Using water instead of methanol resulted in a
reduced recovery, presumably because of less
efficient mixing with the extraction solvent and a
change in the equilibrium of organotin between
the sediment and the solvent due to the higher
solubility of organotin in methanol than in water.

Extraction

The influence on the recovery of the parameters
weight of sediment, volume of extraction solvent
and duration of ultrasound treatment is shown in
Table 7. The recovery increased from 10% using
the method described by Siu et al."* to 45% by
extracting 1g of sediment twice with 4 ml iso-
octane followed by 10 min of ultrasound after the
mechanical shaking (see Table 7). The recovery
was 80% when the volume of extraction solvent
was doubled and the ultrasound time was
increased to 30 min.

Two shaking techniques for carrying out the
extraction were also compared. Vigorous shaking
for 3 min on a whirl-mixer or 1h in a mechanical
shaker gave the same recovery. Mechanical shak-
ing for 1 h was preferred, because of the ergono-
mic aspect.

Matrix modification

Various types of matrix modifiers had previously
been used to determine organotin in various sam-
ples analysed with GFAA>'%1.315  The
efficiency of five matrix modifiers has been com-
pared by analysing tributyltin standards in acidic
methanol.

The matrix modifiers were:

M1: Palladiumnitrate (10 mg Pd mi™?)

M2: Ammonium dihydrogenphosphate/
magnesium nitrate (3.33 mgml~":
0.33 mg ml™") in 0.04 M nitric acid
M3: 1.36 mM potassium dichromate
(0.4 mg Salt ml™") in 0.29 M nitric acid
M4: 1.2 M nitric acid
MS5: 4.8 M nitric acid

In all experiments, 5 ul of the matrix modifier was
added to 15 ul of the sample solution. The ana-
lysed samples were standard solutions containing
various concentrations of tributyltin (0, 5, 10, 50
and 100 pug Sn17") in an acidic methanol solution
(0.1 M HNO; in methanol). The standard devi-
ation of the linear regression and the correlation
coefficient are given in Table 8. The matrix modi-
fier 4.8 M HNO, gave the greatest sensitivity, but
the correlation coefficient was not satisfactory,
whereas the use of potassium dichromate gave the
lowest standard deviation and the highest correla-
tion coefficient. A standard curve based on three
replicates and using potassium dichromate as
matrix modifier is shown in Fig. 1.

Standard curves—dilution of solvent

Standard solutions of the same concentrations of
tributyltin and dibutyltin dissolved in iso-octane
gave various atomic absorptior responses using
GF AAS. If tributyltin and dibutyltin standards
were dissolved in 0.1 M HNO; methanol the
sensitivity was the same, but it varied when the
standards were dissolved in iso-octane (see Fig.
2). Tributyltin dissolved in 0.1 M HNO; methanol
was therefore used for the preparation of calib-
ration curves in spite of the lower sensitivity
compared with iso-octane. It was therefore also
necessary to dilute the iso-octane extracts of the
sediment samples with acidic methanol solution.

Using only iso-octane as solvent for the organo-
tin compounds might underestimate the concen-
tration in the sample. This is illustrated in Table
9, where the results of four sediment extracts, of
either pure iso-octane extracts or extracts diluted
in acidic methanol, are analysed against tributyl-
tin standards in the respective sclvents. Analysing
the pure iso-octane extracts gave concentrations
50% lower than if the same extract were diluted
in acidic methanol.

Detection limit

To determine the detection limit, eight samples of
certified standard sediment BCSS-1, which has no
detectable organotin content, were analyzed. The
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Table 8 Comparison of the influence of different matrix modifiers on the absorbance signal of
standard solutions in regard to the correlation coefficient (r) and the percentage standard

deviation [CV (%)] of the linear regression curve

Organotin content

Matrix modifier (pg org.Sn/l) CV (%) r
10 ug PA(NO;),/ml 0 86.8 0.9955
5 21.7
10 0.0
50 7.1
100 7.8
3.3 ug NH,H,PO/ml +0.3 u Mg(NO,),/ml 0 433 0.9991
5 10.8
10 9.1
50 1.2
100 1.4
1.36 mM K,Cr,0, (0.4 mg salt/mi) in 0.20 M HNO, 0 247 0.9993
5 0.0
10 0.0
50 0.0
100 11
1.2 M HNO, 0 32.7 0.9979
5 294
10 0.0
50 3.7
100 7.8
4.8 M HNO;, 0 8.7 0.9965
5 9.6
10 2.1
50 11.5
100 39

detection limit, calculated as three times the
standard deviation of the eight samples, was
0.050 mg organic Sn/kg dry matter.

Recovery

The recovery of different organotin compounds in
pure liquid-liquid extractions was examined. The
methanol/hydrochloric acid solution was spiked

0,12

0,1

0,081

0,06

0,04

Absorbance-background

0,02

°0 20 40 60 80 100

g Sn/l
Figure 1 The influence of a potassium dichromate matrix
modifier on the absorbance of standard solutions of tributyl-
tin.

with either tributyl-, dibutyl- or monobutyl-tin,
left overnight and extracted with 8 mi iso-octane
using the procedure described previously. It is
possible to extract 98% of the tributyltin, 62% of
the dibutyltin and 28% of the monobutyltin; the
results are listed in Table 10. The recovery of
tributyltin spiked with 1 g BCSS-1 was also exa-

0,2
Q, ISW
0,14

0,054 ™M

Absorbance-background

DBT-M

% 20 4 60 80 100
#g Sn/t

Figure 2 Tributyltin and dibutyltin standards in 0.5% nitric

acid/methanol solution (TBT-M and DBT-M respectively)

and in iso-octane (TBT-I and DBT-I respectively) using

GF AAS
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Table 9 Concentrations found in pure iso-octane extracts
compared with extracts diluted with 0.1 M HNO; methanol
(1:10)

Organotin content (ug org.Sn/g)

Sample Iso-octane extracts Methanol-diluted extract
A 0.60 1.20
B 0.54 1.20
C 0.49 0.80
D 0.52 1.04

mined. The sediment was only spiked with this
compound and the spiked sediment was left over-
night before the extraction. The recovery of the
sediment standard-addition experiments was in
agreement with the results found for the liquid-
liquid extractions.

PACS-1 was analysed to determine the reco-
very for the method. The results given in Table 11
show that it was possible to extract 69% of the
total certified organotin content from PACS-1.
Since the recovery of the liquid—-liquid extractions
showed that it was only possible to extract 98%
tributyltin, 62% dibutyitin and 28% monobutyl-
tin, reduced recovery of organotin from the sedi-
ment was expected. In Table 11 the calculated
amount of extractable organotin from PACS-1 by
the method described is given, using the results
from the liquid/liquid extractions. As the calcu-
lated recovery is 92% it is reasonable to believe
that all the organotins in PACS-1 were dissolved
in the acidic methanol.

Only butyltin compounds were detected in the
PACS extracts using the HPLC-ICP MS tech-
nique for validation. There have not to our know-
ledge been published any data which disagree
with these findings. This is also in agreement with
the fact that triphenyltin compounds, for exam-
ple, were not used frequently in Canada in the

Table 10 Percentage recovery of organotin species extraction
from liquid-liquid phase and spiked sediment, BCSS-1

Organotin species and  Liquid phase Spiked BCSS-1

range of amount added R (%)* s(%) R (%) s(%)
Tributyltin 98 4 103 11
0.5-5 ug org.Sn (n=6) (n=8)
Dibutyltin 62 12 — —
3ug org.Sn (n=4)

Monobutyltin 28 i3 —_ —
0.5-3 ug org.Sn (n=4)

* R, average percentage recovery;
n, no. of replicates.

Table 11 Recovery of organotin species extracted from ten
replicates of PACS-1

Organotin content (ug org.Sn/g dry

matter)
Organotin species  Certified Measured  Calculated®
Tributyltin 1.27 — 1.24
Dibutyltin 1.16 — 0.72
Monobutyltin 0.28 0.08
= Organotin 2.1 1.87 2.04
Recovery (%) 69 L2

? Based on the results achieved from the liquid-liquid extrac-
tions given in Table 10.

period before the sampling of the PACS sedi-
ment.

Precision

The precision of the method was estimated to be
0.13 mg organic Sn/kg dry matter, calculated as
the standard deviation of the difference between
12 duplicates of PACS-1 determined during an
investigation of the organotin levels in Danish
marinas.

Validation using HPLC—-ICP MS

To validate the screening method using the
GF AA analysis technique, sediment extracts
were also analysed for their content of the orga-
notin compounds tributyltin and dibutyltin using
HPLC-ICP MS. By this technique it was possible
to control which organotin specics were present in
the extract, as well as whether the screening
method would overestimate the organotin con-
tent due to the presence of inorganic tin in the
sediment. The analysis parameters for HPLC and
ICP MS are listed in Tables 4 and 5 respectively.
The HPLC parameters are those according to
McLaren et al.® but the ICP MS parameters have
been slightly modified with respect to gas flows
and RF power. An example of a separation chro-
matogram for tributyltin and dibutyltin is shown
in Fig. 3.

The results of four sediment extractions using
the two technique are compared in Table 12. The
results are in good agreement, which indicates
that the main organotin compounds in the sedi-
ment were tributyltin and dibutyltin as weil as
that the screening method did not overestimate
the organotin concentration dus to the inorganic
tin content of the sediment.
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Figure 3 Chromatogram of separation of tributyitin and
dibutyltin using liquid chromatography followed by inductive
coupled plasma mass spectrometry (HPLC-ICP MS).

Table 12 Comparison of results achieved with GF AA and
HPLC-ICP MS

Organotin content (ug org.Sn/g dry

matter)
Sample GF-AA HPLC-ICP MS
Sediment A 2.64 2.08
Sediment B 1.68 1.76
Sediment C 1.36 1.68
Sediment D 1.44 1.28

Analysis of natural sediment samples

To test the method on natural sediment, samples
from a marina near Copenhagen (Skovshoved
marina) were collected at different dates during
the summer of 1991 and analysed. The sediment
samples were scraped off by a diver and trans-

ferred to plastic bags; 100 g of each sample was
freeze-dried immediately after returning to the
laboratory and finally sieved through a 2mm
sieve. The rest of the wet sediment was also
sieved through a 2 mm sieve and stored in the
dark in an acid-cleaned container at 5°C. Table
13 gives the organotin concentration determined
in the freeze dried sediments from Skovshoved
marina.

Up to 4.30 mg organic Sn/kg dry matter was
found in the organic extract, equal to 10.5mg
tributyltin ion/kg dry matter. Many hydrophobic
compounds such as organotin compounds are
adsorbed onto the organic fraction of the sedi-
ment. Ignition loss can be used as an estimate of
the organic fraction. The concentration of orga-
notin is therefore given as a function of ignition
loss for locations 1 and 2 in the marina in Fig. 4.
The Figure indicates there is a correlation
between the ignition loss and the organotin con-
tent, as samples with high ignition loss also con-
tain large amount of organotin.

Some of the wet sediment samples were ana-
lysed as well (Table 6). From the sample at
location 1, larger amounts of tributyltin were
extracted from wet sediment than from freeze
dried sediment. This effect might due to the
removal of porewater during freeze-drying, which
may have resulted in the organotin compounds
bonding more strongly to the sediment and lead-
ing to a lower recovery, or due to the inhomoge-
neity of the sediment. It is not possible from this
study, however, to decide whether freeze-dried
samples give lower concentrations than wet sam-
ples, because of the high variability and limited
number of results. Quevauviller and Donard

Table 13 Organotin content, percentage of dry matter (DM) and ignition loss (LI)
in natural sediment samples from Skovshoved marina collected during 1991

Organotin content
(ug org.Sn/g DM)

Location  Date

1 22 May 1.60
25 Jun. 1.92
24 Jul. 4.30
12 Aug. 1.25
2 22May  0.12
25 Jun. 1.13
24 Jul. 1.13
12 Aug. 3.8
3 22 May  0.44
25 Jun. 0.51
24 Jul. 0.36
12 Aug.  0.45

SD DM (%) LI (mg/g DM)
132 50 56
1.26 50 58
260 54 57
0.13 47 54
0.14 70 28
0.09 56 46
0.20 53 59
111 40 96
020 20 153
010 18 207
0.06 22 189
0.42 48 49

No. of replicates n=6.
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Figure 4 The organotin concentration as a function of
ignition loss (LI) at locations 1 and 2.

found that both wet storage and freeze-drying are
suitable for preserving tributyltin in sediments
but, in general, the mono- and di-butyltin concen-
trations will change during storage regardless of
the storage method.”

DISCUSSION

Organotin compounds have a high affinity for
sediment, which can complicate the quantitative
extraction of each individual compound during an
analysis. The extractability probably varies in
natural sediments with their character viz. their
organic and water contents as well as the age of
the sediments. It is possible with the screening
method described to recover 69% of the organo-
tin content in a certified standard sedi ment,
PACS-1 (see Table 11). It is not possible to
recover a greater amount of the total content with
this method, because of the limitations of the
liquid-liquid extractions, which extract only 98%
of the tributyltin, 62% of the dibutyltin and 28%
of the monobutyltin. Standard addition experi-
ments show that it is possible to extract all of the
added spike of tributyltin from the sediment. The
tributyltin content in a natural sediment sample is
therefore probably determined quantitatively,
while the di- and mono-butyltin contents can be
underestimated by up to 50% using this screening
method. However, tributyltin is far more toxic to
the marine ecosystem than di- and mono-butyltin.
An underestimation of the concentration of these
compounds is therefore regarded to be an accep-
table drawback of a screening method. The detec-
tion limit for the method is 0.050 mg organic
Sn/kg dry matter, calculated as three times the
standard deviation of the organotin concentration

of eight samples of sediment with very low orga-
notin content. The precision of the method is
0.13 mg organic Sn/kg dry matter, calculated from
duplicate analysis of PACS-1.

The results achieved with the GF AA tech-
nique have been validated using the
HPLC/ICP MS technique and they gave compar-
able results. The organotin concentration in a
sediment sample determined using the screening
method was not overestimated cue to the pres-
ence of inorganic tin. The main organotin com-
pounds found in the extracts of the natural sam-
ples were tri- and di-butyltin.

CONCLUSION

The screening method that has been developed is
simple and the equipment is readily available in
most laboratories accustomed to trace-element
analysis. The method is intended to be used for
obtaining an overview of the concentration levels
of organotin compounds in sediments, where the
most polluted samples can be further investigated
by more sophisticated methods.

Acknowledgements Thanks go to Dr Jim McLaren at the
Institute for Environmental Chemistry, National Research
Council Canada, who established an instructive visit at the
laberatory demonstrating the speciation of organotin species,
and to Paulette Maxwell as well as Brad Methwen for the
instruction and help during experiments and analysis. The
financial support to this investigation was given by the Danish
National Agency of Environmental Protecrion.

REFERENCES

1. C. Alzieu and J. E. Portman, Proc. 50th Annual Shellfish
Conference 15-16 May, 1984, p. 87. Shellfish Association,
London.

2. P. E. Gibbs, G. W. Bryan, P. L. Pascoe and G. R. Burt,
J. Mar. Biol. Ass. UK, 67, 507 (1987).

3. G. W. Bryan and P. E. Gibbs, Impact of low concentra-
tions of tributyltin (TBT) on marine organisms—a review.
In: Metals Ecotoxicology: Concept and Applications,
Newman, M. C. and McIntosh, A. W. Lewis Publishers
Inc. 1991, pp. 323-353.

4. A. Astruc, R. Lavigne, V. Desauziers, R. Pinel and M.
Astruc, Appl. Organomet. Chem. 3, 267 (1989).

5. 1. Martin-Landa, F. de Pablos and 1. L. Marr, Anal.
Proc., 26, 16 (1989).

6. C. L. Matthias, J. M. Bellama, G. J. Olson and F. E.
Brinckman, Int. J. Environ. Anal. Chem. 35, 61 (1989).



DETERMINATION OF ORGANOTIN COMPOUNDS IN MARINE SEDIMENTS 73

7. J. C. McKie, ICES CM 1986/E.:6 International Council for 12. P. Quevauviller and O. F. X. Donard, Fresenius’ Z. Anal.

the Exploration of the Sea, 1986. Copenhagen. Chem. 339, 6 (1991).
8. J. W. McLaren, K. W. M. Siu, J. W. Lam, S. N. Willie, P. 13. D. E. Shrader, L. M. Beach and T. M. Rettberg, J. Res.
S. Maxwell, M. Koether and S. S. Berman, Fresenius' Z. Nat. Bur. Stand. 93, 450 (1988).
Anal. Chem. 337, 721 (1990). 14. K. W. M. Siu, G. J. Gardner and S. S. Berman, Anal.
9. M. D. Miiller, Fresenius’ Z. Anal. Chem. 317, 32 (1984). Chem. 61, 415 (1989).
10. R. Pinel, M. Z. Benabdallah, A. Astruc and M. Astruc, J. 15. M. D. Stephenson and D. R. Smith, Anal. Chem. 60, 696
Anal. At. Spectrom. 3, 475 (1988). (1988).

11. E. Pruszkowska, D. C. Manning, G. R. Carnrick and W. 16. T. Tsuda, H. Nakanishi, S. Aoki and J. Takebayashi J.
Slavin, At. Spectrosc. 4, 87 (1983). Chromatogr. 387, 361 (1987).





