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Determination of organotin compounds in water by headspace solid phase
microextraction with gas chromatography–mass spectrometry�
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Abstract

This investigation evaluates headspace solid-phase microextraction (HS-SPME) coupled with gas chromatography–mass spectrometry
(GC–MS) to determine trace levels of organotins in water. The organotins were derivatized in situ with sodium tetraethylborate and adsorbed
on a poly(dimethysiloxane) (PDMS)-coated fused silica fiber. The SPME experimental procedures to extract organotins in water were at pH 5,
with extraction and derivatization simultaneously at 45◦C for 30 min in a 2% sodium tetraethylborate solution and a sample solution volume
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n the ratio of 1:1, and desorption in the splitless injection port of the GC at 260◦C for 2 min. Detection limits are determined to be in
ow ng/L range. According to the analysis, the linearity range is from 10 to 10,000 ng/L with R.S.D. values below 12% except trip
24%). The proposed method was tested by analyzing surface seawater from the harbors on the Taiwanese coast for organotins re
rganotins studied were detected in the analyzed samples. Results of this study demonstrate the adequacy of the headspace SP
ethod for analyzing organotins in sea water samples.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Organotin compounds (OTs) have been extensively in re-
ent decades in agriculture and industry as biocides, insecti-
ides, fungicides, wood preservations, antifouling agents and
olymer stabilizers. Among these, the most prominent are

he trisubstituted forms tributyltin (TBT), and triphenyltin
TPhT). Tributyltin has for several years been used as an
ntifouling compound added to paints for use on boats. Triph-
nyltin is still being frequently used as a fungicide in agri-
ulture, primarily against potato blight. Recently organotin
ompounds have been considered as possible endocrine dis-
upters[1]. Negative effects on environment can produce at
ow concentration even low to sub ng/L[1,2]. The migration
f organotins from large harbors through the water, the ille-

� Presented at the 7th International Symposium on Hyphenated Tech-
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gal use of the organotin-containing antifouling paints on
boats, the desorption from contaminated sediments, o
desorption of volatile organotins are the pollution source
organotins. TBT and TPhT, as well as their major metabo
dibutyltin (DBT), monobutyltin (MBT) and monophenylt
(MPhT), are still found in natural water at levels that m
be critical for the most sensitive organisms. Hence, a r
accurate, and sensitive analytical method is acquired to
tify and determine the trace of these compounds in va
sample matrices.

Determining of trace organotins in matrix requires
combination of a separation method, usually gas chrom
raphy (GC) or liquid chromatography (LC), with select
and sensitive detection. Several GC analytical approa
for determining of OTs have been reported. The deriva
tion step, including alkylation by Grignard reagents or
drogenation by sodium borohydride, is required to ob
OTs in appropriate forms for GC analysis. Direct aque
phase ethylation by sodium tetraethylborate (NaBEt4) com-
bined with GC–flame photometric detection (FPD) has b
021-9673/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2004.08.166
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developed for simultaneously determining of OTs and ap-
plied to the analysis of various environmental samples[3–8].
Liquid chromatography methods represent an alternative ap-
proach to OTs speciation that does not require derivatization
before analysis[9,10]. All these methods offer good sensi-
tivity but no structural information on the measured analyte.
Mass spectrometry (MS) is a powerful technique for identi-
fying compounds. However, the main limitation of LC–MS
for quantification purposes seems to be related to the repro-
ducibility of the signal, especially when dealing with complex
matrices.

Proper sampling largely determines the validity of analyt-
ical samples for trace analysis. Previous investigations have
set forth various types of extraction methods for OTs in wa-
ter, including liquid–liquid extraction[7], solid-phase extrac-
tion (SPE)[10,11], and supercritical fluid extraction (SFE)
[12–14]. Conventional extraction methods, although efficient
and precise, are relatively time-consuming, because, the sol-
vent decantation may take up to 12 h, depending on the sam-
ple matrix [7]. The organic solvents used are hazardous to
human health and extremely expensive with respect to the
disposal of solvents. Consequently, an alternative method
was developed to reduce the extraction time, and to per-
form the extraction without solvent. Solid-phase microex-
traction (SPME)[15] can resolve many of the foregoing
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to the analysis of several seawater samples obtained from the
harbors of Taiwan, to confirm the proposed method’s effec-
tiveness.

2. Experiment

2.1. Reagent and solution

Phenyltin trichloride (MPhTCl3, 98% purity), dibutyltin
dichloride (DBTCl2, 97% purity), tetrabutyltin (TeBT, 98%
purity) and tributyltin chloride (TBTCl, 97% purity) were
purchased from Fluka (Switzerland). Monobutyltin trichlo-
ride (MBTCl3, 97% purity) was obtained from ACROS
(Geel, Belgium), and triphenyltin chloride (TPhCl, 95% pu-
rity) was obtained from Sigma–Aldrich (St. Louis, MO,
USA). Stock solutions of 1000 mg/L were prepared sepa-
rately in methanol (Merck, Darmstadt, Germany). Further di-
lutions were obtained by adding methanol. All stock solutions
were stored in the dark at 4◦C in a refrigerator. The solutions
were renewed after six months even though no OTs degra-
dation was noticeable. Glassware was soaked overnight in
1 M HNO3 aqueous solutions, washed with soap, and rinsed
with water. All solvents used were analytical grade. Sodium
tetraethylborate (NaBEt4) was purchased from Strem Chem-
i
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roblems. Zhong et al.[16] detailed the underlying princ
les and advantages of trace organic analysis and the
ation of the SPME technique to extract trace organic c
ounds from a complex matrix. The mechanism of SP

s based on an equilibrium between the analyte conce
ion of the sample and that in the solid-phase fiber coa
he analytes are directly determined by thermal desor

nto a gas chromatograph or desorption in the eluent st
f a high performance liquid chromatograph. To date,
pplication of SPME has focused mainly on organic c
ounds, such as pesticides, phenols, and semivolatile
ounds[17–20]. However, only a few studies have addres

he SPME of water samples contaminated with organom
ic species[21–25]. The use of headspace SPME has b
eported for the detection of methyltins and butyltins in
er, sediments or body fluids[21–25]. Gac et al.[23] used
eadspace SPME coupled GC–PFPD to analyze 14 orga
ompounds in spiked environmental and biological sam
heir results have demonstrated that headspace SPM
ears really as attractive for organotins determination in
nvironment and monitoring of their biogeochemical cyc

In this study, an in situ ethylation of organotins,
ultaneous solid-phase microextraction of the deriva

n a laboratory-made headspace device, followed by a
hromatographic analysis with mass spectrometry was
ormed. The optimum conditions of SPME for determ
ng organotins in water are also systematically investiga
he SPME behavior, detection limits, linear dynamic de

ion range and reproducibility are studied by determining
mount of organotins, to demonstrate the applicability o
roposed methods. The optimized method was then ap
-

cals (Bischheim, France). Milli-Q water (>18 M�) (SG Wa-
er USA, LLC, USA) was used to prepare freshly 2% (m
orking solutions immediately before the start of the an
is.

To obtain buffer solutions with pH values between 4
, suitable volumes of acetic acid were added to 16.4
aOAC. Seawater samples were collected at harbors o
aiwanese coast and acidified on-site with HCl to pH 4,
tored at−30◦C in the laboratory[26]. Seawater sampl
ere all analyzed within 1 week. Polyethylene flasks
nown to release trace amounts of OTs, so 100 mL glass
ere used.

.2. Apparatus

Analysis by GC–MS was conducted using a Hew
ackard MS engine mass spectrometer (Palo Alto,
SA) with an HP 5890 Series II gas chromatograph a
plit/splitless injection port. A 30 m× 0.25 mm i.d. fused cap
llary column DB-5 (J&W Scientific, USA) with a stationa
hase thickness of 1.0�m was used in the chromatograp
nalysis. The GC was operated in the splitless mode. For

njection, the injector port temperature was held isotherm
t 260◦C. The splitless time was 1 min. The GC–MS tra

er line temperature was maintained at 290◦C. The column
emperature was initially set to 70◦C, programmed to rise
90◦C at a rate of 30◦C/min, from 190 to 240◦C at a rate o
0◦C, and then from 290◦C upward at 30◦C/min. The fina

emperature was maintained for 0.5 min. Helium was
s a carrier gas and maintained in the electron impac

onization mode with an electron energy of 70 eV and tun
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perfluorotributylamine (PFTBA). The mass spectra were ob-
tained at a mass-to-charge ratio scan range from 50 to 450 u
to determine appropriate masses for selected ion monitor-
ing (SIM). The EI ion source of the mass spectrometer was
230◦C. The solvent delay time was set to 3 min. Selected ion
monitoring mode was used in quantitation. The dwell time
was set to 30 ms for each ion.

2.3. Sampling

SPME was performed using a commercially available
poly(dimethylsiloxane) (PDMS) fiber with a film thickness
of 100�m and housed in its manual folder (Supelco, Belle-
fonte, PA, USA). A new fiber should be conditioned before
use as specified in the literature accompanying the commer-
cial SPME products. The PDMS fibers were conditioned in
the hot injection port of a gas chromatograph for 1 h at 250◦C.
Each sample was stirred vigorously during the sorption step
using a 8.0 mm diameter× 20.0 mm long magnetic stir bar
and a stirring plate.

The derivatization system involves sample vials and a
heating mantle. Derivatization of organotins standard solu-
tion with sodium tetraethylborate in NaOAC/HOAC buffer
was achieved in aqueous solution. The 40 mL vial was used
and closed using a PFTE coated septum. The reaction mix-
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Fig. 1. Mass spectra of the derivatives of (a) MPhT (b) TPhT (c) TBT pro-
duced by EI.

areas obtained of organotin compounds, the sensitivity of EI
exceeded that in the CI mode, therefore, in this study, EI was
adopted to investigate the optimum conditions of SPME.

The highest sensitivity is required to monitor organ-
otins at trace levels in the water. Quantitative analyses were

Table 1
Analytical conditions of the ethylation of organotin compounds, as deter-
mined by GC–MS with CI and EI modes

Compound MW tR (min) Selected ion
(m/z)

Confirmed ion
(m/z)

EI CI EI CI

MBT 282 4.48 235 283 233 311
DBT 304 5.57 263 305 261 333
MPhT 302 6.45 255 303 253 331
TBT 326 6.69 291 327 289 355
TeBT 348 7.82 235 349 233 377
TPhT 386 12.97 351 387 349 415
ure was magnetically mixed and maintained at 45C using
heater mantle. The SPME needle pierced into the se

nd the fiber was exposed to the headspace. After 30 m
dsorption, the SPME fiber was inserted in the GC injec
ort for thermal desorption.

. Results and discussion

.1. Development of GC–MS

Analyzing organotin compounds directly using the
echnique is quite difficult. Since those compounds
o be absorbed onto the packings in the chromatogr
olumn. Consequently, derivatization is required to m
he organotins appropriate for GC analysis. In this st
rganotins were ethylated with NaBEt4 and sorbed on
oly(dimethylsioxane)-coated fused silica fiber in headsp

hen desorbed in the splitless injection port of the GC.
The electron impact ionization and positive chemical

zation (CI) mass spectra for ethylation derivatives of s
ard organotin compounds were obtained. Independen

he ionization mode used, no molecular ions of organ
ompounds are observed. The most abundant fragmen
f all organotin compounds are [M− C2H5]+ except TBT is

M − C4H9]+ (Fig. 1, Table 1). A series of fragment ions a
enerated through the successional degradations. A sta
olution of organotin compounds was used to compar
esponses obtained with various ionization modes of M
valuate the optimum ionization technique for the trace a
sis of organotin compounds in water. According to the p
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performed using MS in the selected ion monitoring mode. For
this purpose, characteristic ions were monitored with a dwell
time of 30 ms for various groups of ions.Table 1presents
the analytical conditions for determining of the ethylation
derivatives of organotin compounds with the two most com-
mon ionization modes.

3.2. Selecting of optimum conditions for SPME

As an equilibrium technique, SPME does not exhaustively
extract organic compounds from an aqueous sample. The
amount of analytes extracted by the coating at equilibrium
is proportional to their initial concentration in the aqueous
sample. The choice of an appropriate coating is very cru-
cial to the SPME method. The chosen coating depends on
the chemical nature of the analytes. Typically, derivatization
always reduces the polarity of the analytes, and therefore,
the use of non-polar coatings. The derivatized organotins are
volatile and have a greater affinity for the apolar phase than for
the polar sample matrix. As referred in the introduction, the
information available in the literature was the starting point
for the establishment of the method under study. The chosen
fiber was 100�m fibers coated with poly(dimethylsiloxane)
which has been reported as providing a good performance for
organotion compounds[15,21,22,27–29].
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Fig. 2. Effect of the ratio of derivatizing reagent (2% NaBEt4) and sample
solution volume on peak areas of 10�g/L OTs.

The amount of analytes extracted in headspace SPME
heavily relies on the mass transfer of analytes through the
aqueous phase to the gas phase, and then onto the fiber coat-
ing. Extraction temperature and sorption time will influence
the amount of mass transfer. The sample temperature also
determines the efficiency of the derivatization of organotins.
In this study, the derivatization and extraction of organotins
were performed simultaneously. The effect of the sample
temperature was investigated by sampling standard mixtures
of 100�g/L for 30 min at various temperatures from 25 to
80◦C. The extracted amounts of organotins, except for the
more volatile MBT, increased with increasing the tempera-
tures to a maximum at 45◦C and decreased as temperature
increased further. The results inFig. 3 indicate that heating
the organotins to 45◦C increased the adsorption efficiency.
At higher temperature, organotins are partially desorbed from
the SPME fiber coating to decrease the extraction efficiency.
The variance analysis of the experimental results reveals that
the peak area counts of organotins increased with the extrac-
tion time or the derivatization time from 5 to 50 min. All
organotins reached equilibrium in 30 min (Fig. 4). There-
fore, the extraction time or derivatization time was chosen as

F com-
p

Usually, in GC analysis, derivatization is a feasible met
or promoting chromatographic separations with by incr
ng the volatility of the analytes and the sensitivity and se
ivity of the detector. Organotins need to be extracted f
he sample and to be derivatized to a volatile species fo
nalysis. Ethylation with sodium tetraethylborate was in
uced by Ashby et al.[30–32]. The advantages of deriva
ation of OTs by the NaBEt4 technique are that ethylatio
an occur in the aqueous phase and extraction can b
ormed simultaneously. The ethylation reaction is a nu
philic reaction and the capacity of organotins to be invo

n nucleophilic reactions may depend on the extent of
ubstitution[33]. The relative signals area counts for diff
nt organotins after derivatization were compared for u

he SPME methods with direct and headspace extractio
irect SPME, the fiber is introduced in the aqueous ph
rom the results, for organotins extracted by using SP

he sensitivity of the headspace SPME is higher by a
or of up to 11 (DBT) than that of direct SPME. Headsp
PME is more sensitive than that in direct SPME, there
queous organotins were extracted by headspace SP

his study.
Derivatization time, derivatization temperature

mount of reagent are the main parameters that affect th
iency of derivatization. The water samples were spiked
0�g/L organotins standard solution to trace the con

ration of NaBEt4 effect by using headspace SPME meth
arious volume ratios of 2% NaBEt4 solution combined wit
mL of sample solution were used to investigate this e

Fig. 2). The greatest derivatization obtained was the sa
olution to the NaBEt4 solution ratio at 1:1 (v/v).
ig. 3. Effect of absorption temperature on peak areas of organotin
ounds in water produced by HS-SPME–GC–MS.
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Fig. 4. Effect of extraction time on peak areas of organotin compounds in
water produced by HS-SPME–GC–MS.

30 min to allow simultaneous extraction and derivatization of
organotins in water using headspace SPME.

According to SPME theory, the volume of the gaseous
phase must be minimized to obtain high sensitivity when
headspace extraction is used[34]. The effects of the water
sample and the headspace volumes were studied to optimize
the extraction procedure of organotins. This study was per-
formed using 40 mL vials and by increasing the volume of
a fortified aqueous sample from 0.25 to 15 mL; the sample
was spiked with 10�g/L organotins. The extraction time was
30 min at 45◦C. The results show that the sample volume af-
fects the extraction of organotins (Fig. 5). The peak area was
increased from organotins sample volume of 0.25 to a max-
imum of 5 mL. Further experiments were performed using a
5 mL water sample.

Salting is conventionally added to the aqueous matrix to
increase the amount of organotins extracted from the wa-
ter [35–39]. In view of the apolar nature of the derivatized
organotins, increasing the ion strength of the sample solu-
tion by addition of NaCl is expected to increase the diffusion
of organotins into the headspace and increase the adsorp-

F com-
p

Fig. 6. Effect of pH on peak areas of organotin compounds in water produced
by HS-SPME–GC–MS.

tion onto this space. The saturated NaCl solution was added
with a syringe after 10 s of derivatization prior SPME extrac-
tion. Under the experimental conditions described above, the
effect of NaCl concentration on the peak areas of 10�g/L
organotins was studied. The addition of salt significantly af-
fects the extraction of TeBT meanwhile but was found not to
affect the extraction efficiency of other organotins probably
because the aqueous solution was already sufficiently po-
lar and the derivatized organotins were highly hydrophobic.
Further experiments were performed using saturated NaCl to
extract organotins simultaneously.

Changes in the sample matrix yielded significant differ-
ences in the signal intensities of analytes with various struc-
tures, obtained by the SPME method. The variation in the
pH from 2 to 7 was monitored to examine how pH affects
the extraction of organotins in aqueous solution (Fig. 6). The
results indicated that the extraction increased with pH to a
maximum at pH 5, and, then, declined as the basicity of so-
lution further increased. The pH value of the solution influ-
ences the efficiency of derivatization. The results indicated
that the derivatization of organotins with NaBEt4 was found
to be most effective at pH 5, which is in agreement with val-
ues found by other research groups[14,26,40–44]. Therefore,
the pH of the solution was adjusted to 5 in all studies reported
herein.

eter-
m ting,
a
t ving
t and
m
d time
a sorp-
t
t ightly
w ited
c ,
a re
w m of
ig. 5. Effect of sample solution volume on peak areas of organotin
ounds in water produced by HS-SPME–GC–MS.
The desorption time and desorption temperature d
ine the amount of analytes desorbed from the fiber coa
s determined by the SPME method[21–23,45]. Desorption

ime was investigated within a range of 0.3–5 min, by lea
he fiber in the injector for an increasing period of time
aintaining the temperature of the injector at 260◦C. The
esorption of the organotins increased with desorption
nd reached a maximum after 2 min. The monitored de

ion temperature ranged from 200 to 270◦C. According to
he results, the peak area of all organotins increased sl
ith the desorption temperature. All organotins exhib
omplete desorption at a temperature of 260◦C. Therefore
2 min desorption time and 260◦C desorption temperatu
ere used in all experiments. The mass chromatogra
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Fig. 7. Mass chromatogram of a water sample containing 10�g/L organotins
produced by HS-SPME–GC–MS.

a water sample containing 10�g/L organotins produce by
SPME–GC–MS was shown inFig. 7. All the peaks of organ-
otins are sharp and separated.

3.3. Linear range, limits of detection and precision

The limits of detection of SPME used to determine organ-
otins in water heavily relies on the amount of derivatized
analytes adsorbed by coating on the fiber and the sensitiv-
ity of the GC–MS. The linearity, limits of detection and
precision were calculated when the optimum conditions
for the headspace SPME–GC–MS procedure were estab-
lished. The linearity of the headspace SPME method was
examined by extracting the spiked organotins samples rang-
ing from 10 to 10,000 ng/L. Triplicate injections were per-
formed.Table 2presents the linear ranges and the square
of the correlation coefficients (r2) obtained for each com-
pound. The studied organotins in water were analyzed,
and SPME was linear over approximately three orders of
amounts, with linear correlation coefficients above 0.997 in
all cases.

The linear range experiments provided the necessary in-
formation to estimate the limit of detection (LOD), based
on the lowest detectable peak with a signal-to-noise ratio of
three. The EI ionization of MS was used to determine the
d ith

T
L -SPM

C lation

M
D
M
T
T
T

full scan, the SIM mode is performed by MS in quantita-
tive analysis to increase the sensitivity. In general, the most
abundant ion is used for the ion of monitoring; the specific
ion is used as the confirmed ion. The signal is obtained by
measuring the peak area over the scans during the elution
of organotins in the GC. Under the experimental conditions,
LODs were between 0.4 and 4.6 ng/L, as listed inTable 2.
The forgoing results indicate that headspace SPME is avail-
able for extracting trace organotins from water.

The precision of the headspace SPME method was eval-
uated by analyzing eight extractions from an aqueous solu-
tion of all studied organotins at a concentration of 50�g/L.
The results reported inTable 2 show that the relative
standard deviation (R.S.D.%) of different concentrations
for repeatability ranged from 3% (monobutyltin) to 24%
(triphenyltin). Therefore, the derivatization of organotins
in situ with sodium tetraethylborate, and their sorption on
a poly(dimethylsiloxane)-coated fiber in headspace SPME
were deemed acceptable for determining trace organotins in
water.

3.4. Headspace SPME–GC–MS of complex real-world
samples

The effectiveness of the proposed method in determining
o rface
s e for
m ded to
p ed in
s rs on
t fore
b les
w was
o ipli-
c
t sam-
p ation
o g/L
( ore.
T pace
S s in
s
etection limits of organotins. Additionally, comparing w

able 2
inear range, limits of detection, and precision for in situ ethylation/HS

ompound Linear equation Square of the corre
coefficient (r2)

onobutyltin Y= 199.99X+ 186337 0.9985
ibutyltin Y= 267.89X+ 440490 0.9979
onophenyltin Y= 342.68X+ 63542 0.9982
ributyltin Y= 214.32X+ 267202 0.9990
etrabutyltin Y= 435.4X+ 81946 0.9990
riphenyltin Y= 8.7286X+ 8911 0.9979

a Relative standard deviation for 50 ng/L of organotins (n= 8).
b Relative standard deviation for 500 ng/L of organotins (n= 8).
c Relative standard deviation for 50�g/L of organotins (n= 8).
E–GC–MS method

LOD
(ng/L)

Linear range
(ng/L)

R.S.D.
(%)a

R.S.D.
(%)b

R.S.D.
(%)c

0.6 10–10000 19 6 3
0.4 10–10000 14 12 6
1.5 10–10000 13 11 4
0.5 10–10000 20 18 7
1.2 10–10000 13 10 7
4.6 10–10000 24 19 16

rganotins in real samples was tested by analyzing su
eawater samples. Organotins, especially tributyltin, hav
any years been used as an antifouling compounds ad
aints intended for boats. Herein, organotins are enrich
eawater. Seawater samples were collected from harbo
he Taiwan coast acidified on-site using HCl to pH 4, be
eing stored at−30◦C in the laboratory. Seawater samp
ere all analyzed within 1 week. The headspace SPME
perated under the determine optimum conditions. Tr
ate analyses were performed. The results (Table 3) show
hat organotins were present in all surface seawater
les, except that from Taichung harbor. The concentr
f organotins ranged from 16 ng/L (triphenyltin) to 298 n
tetrabutyltin) in the seawater near Taichung’s muddy sh
he results demonstrate the suitability of the heads
PME–GC–MS approach for analyzing trace organotin
eawater samples.
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Table 3
Concentration of organotin species in surface seawater (ng/L)

Real water sample Monobutyltin
(ng/L)

Dibutyltin
(ng/L)

Monophenyltin
(ng/L)

Tributyltin
(ng/L)

Tetrabutyltin
(ng/L)

Triphenyltin
(ng/L)

Taichung harbor NDa ND ND ND ND ND
Taichung muddy shore 54± 3 102± 12 48± 6 277± 30 298± 28 16± 4
Kaohsiung harbor ND 83± 9 ND 216± 23 186± 17 ND
Kaohsiung sand beach ND 25± 3 ND 107± 11 86± 9 ND
Keelung wharf 65± 6 160± 19 ND 287± 27 ND ND
Su-Ao harbor 99± 8 24± 2 148± 16 34± 4 64± 7 ND

The samples were collected at harbors around the Taiwanese coast and filtered with 0.2�m nylon 66 membrane filter. Three times replicated measurements.
a ND: not detected.

4. Conclusion

This investigation demonstrates that HS-SPME is a
precise, means of reproducibly analyzing trace organotin
compounds from aqueous samples. Better chromatographic
shapes and sensitivity were obtained by derivatizing organ-
otins using one-step simultaneous direct in situ aqueous
ethylation using sodium tetraethylborate. The derivatization
efficiency was highest in achieved in headspace derivatiza-
tion with 2% sodium tetraethylborate solution and a sam-
ple solution volume ratio of 1:1. The method is precise and
can be used over a wide linear range. Detection limits at be-
low ng/L level of organotin compounds in aqueous samples
are achieved. Moreover, the feasibility of applying the HS-
SPME–GC–MS system to determine the amount of organotin
compounds in real seawater samples in Taiwan harbors was
tested. Concentrations of organotins were detected to range
from 16 ng/L (triphenyltin) to 298 ng/L (tetrabutyltin). The
proposed method offers a low level sensitivity in determining
trace amounts of organotins in seawater samples containing
a high degree of interference.
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