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Abstract

Procedures for the determination of triorganotins using HPLC with a cation-exchange column and capillary
electrophoresis (CE) were optimized. In both cases indirect UV detection for trimethyl-, triethyl- and tributyltin
and direct UV sensing of triphenyltin were applied. In CE the best separation of tributyl- and triphenyltin was
obtained with the use of tartaric acid in the electrolyte. With both procedures a comparable analysis time was
found, whereas a better separation of analytes and much lower detection limits were obtained for CE
determination. Among five different commercial non-polar sorbents examined for solid-phase extraction of TBT

and TPT, the best results were obtained with XAD-2.

1. Introduction

Although at present the determination of the
total content of metals at trace level is predomi-
nated by atomic spectrometric methods, there is
increasing interest in using chromatographic
methods for this purpose [1,2]. A substantial
part of such a procedure, including all areas of
chromatography (GC, HPLC, TLC, SFC), often
involves complexation of the metal ion in some
form. Chromatographic methods, either with
conventional detectors or especially coupled with
atomic spectrometric detection, are most com-
monly applied in the determination of the specia-
tion of trace metals, including organometallic
compounds [3].

Awareness of the environmental impact of
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organometallic compounds has intensified since
the 1970s. One of the most hazardous species are
organometallic compounds of tin [4]. Industrial
applications are based on diorgano- and trior-
ganotins, which are widely used in agriculture as
pesticides, in wood preservative formulations, in
marine paints as antifoulants and as PVC
stabilizers [5]. Owing to their biocidal properties
in agriculture, most activity and toxicity of or-
ganotin compounds is associated. The most im-
portant organotin in the aquatic environment is
tributyltin (TBT), the active ingredient in anti-
fouling paint, although pollution by triphenyltin
(TPT), used as a non-selective pesticide, is also a
serious problem since it accumulates in lipophilic
tissues of fishes [6].

Although in the speciation determination of
tin, especially organometallic compounds, most
often chromatographic methods are used, the
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literature also provides numerous examples of
other procedures. TBT and TPT can be pre-
concentrated on carbon black, then eluted and
separated on a small silica gel column and eluted
with different solvents for electrothermal atomic
absorption spectrometer (AAS) detection [7].
Several attempts have been published on the
conversion of organotin compounds into the
volatile hydride, cryogenic trapping and sepa-
ration by warming on the basis of different
boiling points for different hydrides [7-9]. Dif-
ferent butyltin species can be directly determined
in the organic extractant by alternating current
polarography [10].

Organotin compounds generally exhibit suffi-
cient volatility for separation by GC, although
the drawback of GC separation is the necessity
for derivatization of organotin compounds to
more stable and less reactive species by alkyla-
tion or hydridization. Numerous papers have
been published on the coupling of GC with
atomic spectrometry (see Ref. [11] and refer-
ences cited therein).

The HPLC separation of organotin species has
definite advantages over GC, such as the lack of
need for derivatization, the variety of stationary
and mobile phases available and the possibility
of separation at ambient temperature, reducing
possible losses of analytes during the separation
process. The first paper on the HPLC of or-
ganotins was published by Brinckman et al. [12].
The HPLC separation of organotin species can
also be achieved using reversed-phase systems
[12-15] in addition to normal-phase systems with
cyanopropyl columns [16-19]. Owing to the
ionicity of alkyltin compounds, most often the
separation of these species is carried out using
strong cation-exchange columns [20-31]. As de-
tection methods in HPLC mostly AAS is used
with flame atomization [22], hydride generation
[25] and especially with electrothermal atomiza-
tion [12,18-20,25,27]. Recently several workers
have developed HPLC systems coupled with
inductively coupled plasma atomic emission
spectrometric detection (ICP-AES) for or-
ganotin determination [15,26,28,30,31]. Laser-
excited atomic fluorescence in a flame has also
been employed for detection [26]. Spectropho-
tometry in the visible [13] or UV [24] region has

occasionally been employed, but numerous ex-
amples can be found of the use of spectro-
fluorimetric detection of tin complexes with
morin for tin speciation [14,16,17,23,28]. Am-
perometric detection in the differential-pulse
mode has limited application [21].

Among the most advanced techniques of LC,
organotins have been extracted and chromato-
graphed under supercritical fluid conditions with
formic acid-modified carbon dioxide [32]. Capil-
lary electrophoresis has so far been applied only
in the determination of organometallic com-
pounds of lead and selenium [33].

The aim of this work was to compare the
resolution and detectability obtained by HPLC
separation on a cation-exchange column with
indirect UV detection with those obtained by
capillary electrophoresis for selected triorganotin
compounds. Also, the possibility of preconcen-
tration of those species by solid-phase extraction
with several non-polar sorbents was examined.

2. Experimental
2.1. Apparatus

The HPLC equipment consisted of a Knauer
isocratic HPLC system with a UV-Vis detector
and a Whatman Partisil SCX-10 strong cation-
exchange column (250 X 4.6 mm, 10 uwm). As the
optimum eluent, a 70:30 mixture of methanol
with 10 mM acetate buffer (pH 5.9) containing
2 mM benzyltrimethylammonium chloride
(BTMA) was used.

For capillary electrophoretic (CE) measure-
ments, a Model 3850 system from Isco equipped
with a quartz capillary (75 um 1.D., total length
60 or 100 cm and length to the detector 35 or 60
cm, respectively), was used with split-vent tubing
sample introduction. Measurements were carried
out at 10 wA current and a rise time 1.6 s. The
effective sample volume was calculated accord-
ing to the manufacturer’s recommendation.

2.2. Reagents

Tributyltin chloride (TBT) and triphenyltin
chloride (TPT) were obtained from Schering
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Industrie-Chemikalien and trimethyltin chloride
(TMT), triethyltin chloride (TET) and benzyl-
trimethylammonium chloride (BTMA) from Al-
drich. The organotin compounds were a kind gift
from Dr. N. Buschmann (Department of
Chemistry, Westfalian Wilhelms University,
Munster, Germany). p-(15)-(+)-Camphorsul-
fonic acid was purchased from Sigma and B-
cyclodextrin from Kodak. HPLC-purity metha-
nol was obtained from Baker. Other reagents
were of analytical-reagent grade from POCh
(Gliwice, Poland).

Solid-phase extraction was performed using
laboratory-made microcolumns (40 X 7 mm 1.D.)
with C,4, C; and phenyl functionalized sorbents
from Baker and Amberlite XAD-2 and XAD-4
resins from Aldrich. Elution from the preconcen-
tration column was carried out with 10 ml of
methanol and the extract obtained was evapo-
rated to 2 ml. For a 1-1 sample volume a 500-fold
preconcentration was obtained with such a pro-
cedure. The comparison of the effectiveness of
preconcentration using different sorbents was
conducted at a flow-rate of 7 ml/min during the
preconcentration phase.

3. Results and discussion
3.1. HPLC determination of triorganotins

In this study, the simplest possible HPLC
system which is possible for the determination of
organotins was employed, with isocratic elution,
a cation-exchange column and UV detection.
Because of all the triorganotins considered only
TPT strongly absorbs UV radiation, in all HPLC
measurements indirect vacancy detection was
employed with addition of a low concentration of
BTMA to the eluent solution, with a UV ab-
sorbance maximum at 262 nm.

Owing to their environmental importance, the
main task in the optimization of the analytical
procedure was to establish best conditions for
the determination of TBT and TPT. These two
species are difficult to resolve by cation-exchange
chromatography and in all the publications cited
only two provided some results on the determi-
nation of TBT and TPT {20,24]. In both of them

10 mM ammonium acetate—methanol (70:30)
was used as the eluent with a Whatman Partisil
10 SCX column.

The addition of BTMA to the eluent not only
allows the indirect detection of trialkyltins, but
also, owing to the presence of the large hydro-
phobic cation, it strongly influences the retention
of species to be separated. The reversed order of
elution of TBT and TPT after addition of BTMA
to acetate—methanol eluent has been reported
previously [24]. An increase in the BTMA con-
centration in the eluent results in a decrease in
the retention times of analytes and in some
improvement in the resolution (Fig. 1A); how-
ever; it is also associated with a significant drop
in the magnitude of the signal (Fig. 1B). As the
optimum, a BTMA concentration in the eluent
of 2 mM was assumed. One can expect also that
in the separation of triorganotins, some contribu-
tion from non-ionic interactions of analytes with
the hydrocarbon part of the stationary phase
may take place. This contribution depends essen-
tially on the content of the organic solvent in the
eluent as was demonstrated earlier [20]. In this
study it was observed that the use of cither a
higher or lower content of methanol, although it
changes the retention times, does not improve
the separation of TBT and TPT.

The chromatogram of the mixture of trior-
ganotins under optimum conditions is shown in
Fig. 2. The separation between TBT and TPT is
poor, but for measurements of peak height for
both species at different concentrations linear
relationships were found between peak height
and concentration. In comparison with earlier
applications of the same column and similar
chromatographic conditions [20,24], at a reten-
tion time of about 20 min a large system peak
was observed, which did not overlap with any
peak of the determined tin species. An increase
in BTMA concentration causes a shift towards
shorter retention times.

The sensitivity of HPLC determination is very
different for different triorganotins. The cali-
bration plots exhibited slopes of 8.1-10° and
2.0-107° AU/mg-ml™" for TPT and TBT, re-
spectively. The sensitivity for the determination
of the two remaining trialkyltins was about one
order of magnitude lower with slopes of the
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Fig. 1. Effect of BTMA concentration in methanol-10 mM acetate buffer (pH 5.9) (70:30 v/v) eluent on (A) retention times and
(B) signal magnitude for TBT and TPT. Flow-rate. 1.0 ml/min; injection, 200 ul of solution containing 10 mg/1 TBT and 1.5

mg/1 TPT.

calibration plots of 4.8-10™° and 2.6- 10~* AU/
mg-ml~' for TET and TMT, respectively. The
detection limits calculated in relation to the
amplitude of the baseline noise are given in
Table 1. They are improved in comparison with
earlier work [24], taking into account that previ-
ous data were reported for the procedure involv-

ing sorbent extraction preconcentration. For
T
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Fig. 2. Chromatogram obtained for a mixture containing (1)
2.0 mg/1 TBT, (2) 0.5 mg/1 TPT, (3) 15 mg/1 TET and (4) 25
mg/l TMT using as eluent a 70:30 (v/v) mixture of methanol
and 10 mM acetate buffer (pH 5.9) containing 2 mM BTMA.
Sample volume, 200 ul; flow-rate, 1.0 ml/min. 5= System
peak.

comparison, data on the detectability of TBT
and TPT obtained by other workers for HPLC
procedures with different detectors are shown in
Table 2. Significantly lower detection limits for
both analytes in HPLC determinations can be
obtained by coupling of HPLC with expensive
atomic spectrometric instrumentation.

3.2. Capillary electrophoresis
Most reports of the CE of inorganic cations

are based on the use of indirect UV detection in

Table 1
Detection limits obtained for the separation of triorganotins
for a signal-to-noise ratio of 3 without preconcentration

Analyte Detection limit (mg/1)
HPLC CE
T™MT 2.5 0.16
TET 1.5 0.24
TBT 0.5 0.29
TPT 0.15 0.009

The sample volume used in HPLC was 200 ul and the

effective sample volume in CE was 122 nl.
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Table 2

333

Detection limits for TBT and TPT reported for HPLC with various detection methods without preconcentration of analytes

Detection Reported limit of detection (mg/1) Ref.
method
TBT TPT
Indirect photometry 2.1" 0.05" [24]
Fluorimetry 0.09* - [23]
0.015 - (28]
0.047 0.075 [14]
Flame atomic fluorescence 0.035 - [32]
Flame AAS 0.1 - [22]
Graphite furnace AAS 0.08 0.025 [20]
0.04 - [27]
Hydride generation AAS 0.02 - [25]
ICP 6x10" - [27]
ICP-MS 7.5-10 ° L1-10 7 [15]
0.002 - (28]
0.025 - [30]
2-10 ¢ - [31]

® For procedure with preconcentration step.

the presence of an organic amine as the primary
electrolyte component [34-36]. Recently, copper
electrolyte was also reported as an inorganic
ionophore [34]. The CE determination of or-
ganolead and organoselenium compounds was
recently performed with on-column direct UV
detection [33], but because most triorganotins do
not absorb in the UV region, also in CE mea-
surements indirect UV detection with BTMA in
the electrolyte was employed.

The electrophoretic separation of cations de-
pends on the equivalent ionic conductivities and
the velocity of electroosmotic flow. The latter
depends on the charge of the capillary walls,
whereas the relative mobilities of ions in solution
can be modified by changing the ionic strength
and pH by addition of complexing ligands.

Fig. 3 shows examples of electropherograms
recorded for the mixture of four triorganotins
with different electrolytes. In all cases examined,
in a much shorter time than in HPLC a very
satisfactory separation of TMT. TET and TPT is
observed. However, also with CE it is more
difficult to resolve TBT and TPT.

For the electrolyte containing sulfuric acid, no
essential effect on the separation of organotins
was observed on varying acid concentration from
0.1 to 10 mM and the methanol content from 10

to 50%. Under these conditions the separation
of TBT and TPT was not achieved, similarly to
the electrolyte containing 1-10 mM camphorsul-
fonic acid (Fig. 3A and D).

An efficient method for the modification of the
apparent mobility of cations is addition of com-
plexing agents to the electrolyte. A further
advantage observed in the presence of complex-
ing ligands is the improvement of the peak
symmetry, resulting from the decrease in the
mobility of complexed ions, which more closely
matches the mobility of the electrolyte [36]. As
modifiers for CE separation of cations, a-hy-
droxyisobutyric acid [34-36], citrate [36] and 18-
crown-6 [37] have been used. In this study, for
the CE separation of triorganotins satisfactory
results were obtained with electrolytes contain-
ing tartaric acid. As the initial attempt gave
separation of signals for TBT and TPT, a more
detailed optimization of CE separation with
tartaric acid was carried out.

A decrease in the apparent mobility of com-
plexed cations can be expected with increase in
the ligand concentration in the electrolyte. This
has been found already, e.g., for 18-crown-6
used for the separation of ammonium, alkali
metal and alkaline earth metal ions [37]. Similar
results were obtained for the separation of tri-
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Fig. 3. Electropherograms of a mixture of 10 mg/1 each of TMT, TET and TBT and 1 mg/1 TPT at 20 kV with UV detection at
220 nm. Electrolytes: (A) 0.5 mM sulfuric acid-10% methanol-1 mM BTMA; (B) 20 mM tartaric acid—20% methanol-4 mM
BTAC; (C) 20 mM B-cyclodextrin—10% methanol-1 mM BTMA: (D) 1 mM camphorsulfonic acid-1 mM BTAC. Effective

sample volume. 4 nl; total capillary length, 60 cm.

organotins in the presence of an increasing
concentration of tartaric acid in the electrolyte
(Fig. 4A). From a 30 mM concentration of
tartaric acid in the electrolyte, separation of the
negative TBT peak from the positive peak corre-
sponding to TBT is observed. The use of a
longer capillary (total length 100 cm, 60 cm to
the detector) allows a satisfactory separation of
all triorganotins at 20 mM tartaric acid, and this
concentration was adopted in further studies. A
further increase in tartaric acid concentration
improves the separation but simultaneously in-
creases the migration times.

An increase in tartaric acid concentration also
affects the magnitude of the signal (Fig. 4B).
Generally, the sensitivity of indirect detection of
trialkyltins is much lower than that of direct UV
detection of TPT. The increase in the migration
time of TPT with increase in tartaric acid con-
centration results in an improvement in sensitivi-
ty for TPT detection. Above 20 mM tartaric acid

concentration, where a satisfactory separation of
TBT and TPT is obtained, an increase in tartaric
acid concentration also improves the sensitivity
of detection of trialkyitins. More than a twofold
increase in the sensitivity of detection of TMT,
TET and TBT can be also achieved by increasing
the BTMA concentration from 1 to 4 mM in the
electrolyte. This effect is negligible for TPT. The
increase in BTMA concentration in the elec-
trolyte is also accompanied by a slight decrease
in the migration times of all separated species.
The wavelength of detection also significantly
affects the detection sensitivity; however, at
wavelengths shorter than 210 nm a substantial
increase in the baseline noise was observed,
hence 210 nm was taken as the optimum. The
effect of the pH of the electrolyte on sensitivity
of detection and migration time is illustrated in
Fig. 5. A decrease in the pH of the electrolyte
from 3.0 to 2.6 improves the signal magnitude
and decreases the migration times, but below pH
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Fig. 4. Effect of the concentration of tartaric acid in the electrolyte on (A) migration times of triorganotins and (B) signal

magnitude in CE separation. Mixture analyzed as in Fig. 3. Electrolyte used contained 20% methanol and 1 mM BTMA. Voltage,
20 kV; total capillary length, 60 cm.
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Fig. 5. Effect of pH on (A) peak heights and (B) migration times in electrophoretic determination of organotin compounds with a
total capillary length of 100 cm, an effective sample volume of 61 nt and UV detection at 210 nm. Other conditions as in Fig. 3B.
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2.6 a substantial increase in the baseline noise
was observed, hence pH 2.6 was assumed to be
the optimum value.

The apparent migration velocity is inversely
proportional to the voltage across the capillary
[38]. An increase in voltage from 15 to 30 kV
shortens the migration times substantially, but
simultaneously causes an increase in the baseline
noise, therefore an optimum voltage of 20 kV
was adopted.

Under the experimental conditions which were
used for obtaining the electropherogram shown
in Fig. 6 and for an effective sample volume of
122 nl, the detection limits were calculated for a
signal-to-noise ratio of 3 for all separated species
and compared with those obtained in HPLC
determination (Table 1). The limit of detection
for CE determination is better for all the species
examined.

Another ligand employed in this study as
modifier of the mobility of triorganotin cations in

0.001
AU

TPT

TET TBT
T™MT

r T T —

0 10 20 30 min

Fig. 6. Electropherogram of a mixture of 10 mg/l each of
TMT, TET and TBT and 1 mg/l TPT under optimized
conditions with a total capillary length of 100 cm. Electrolyte,
20 mM tartaric acid-20% methanol-4 mM BTAC (pH 2.6):
effective sample volume, 12.2 nl; voltage. 20 kV; detection at
210 nm.

CE determination was B-cyclodextrin (B-CD).
Cyclodextrins are now routinely used in HPLC
for improving the separation of structurally dif-
ferent compounds including enantiomers via
inclusion complexation. Recent applications of
B-CD in CE include the improvement of the
separation of cationic enantiomers [39] and de-
rivatized amino acids [40]. B-CD has also been
applied in the separation of organolead and
organoselenium compounds by micellar elec-
trokinetic chromatography to improve the peak
shape [33]. In this study of the CE determination
of organotins, it was found that the presence of
B-CD in the electrolyte also improves the peak
shape (Fig. 3C) and, as it also increased the
migration time of TBT, it allows a partial sepa-
ration of TBT and TPT. Addition of 8-CD in the
concentration range 0.1-20 mM did not result in
better separation of TBT and TPT than that
shown in Fig. 3B in the presence of tartaric acid
in the electrolyte. The maximum B-CD con-
centration used in this study was limited by its
solubility.

3.3. Preconcentration of triorganotins by solid-
phase extraction

As in most other chromatographic procedures,
the detectability found in the above-described
HPLC and CE determinations is not sufficient
for the direct determination of triorganotins in
environmental samples, and therefore precon-
centration procedures for these analytes are
required for real environmental applications.
The analytical literature provides a wide variety
of preconcentration procedures for organotins by
solvent extraction (see Ref. [41] and references
cited therein), although in recent years these
methods have been increasingly replaced by
preconcentration on solid sorbents. For or-
ganotins the most often used sorbent for solid-
phase extraction is a bonded silica with octadecyl
functional groups, either as disposable cartridges
[42,43] or extraction discs [44,45]. A satisfactory
preconcentration of TBT and TPT was obtained
on graphitized carbon black, where elution of
analytes with different solvent allows the
graphite furnance AAS determination of both
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Table 3
Efficiency of preconcentration of TBT and TPT on different
non-polar sorbents

Sorbent Recovery of organotin species (%)
TBT TPT

C, 19 97

Cis 33 100

Phenyl 25 103

XAD-2 100 100

XAD-4 37 50

Preconcentration from 1 | of solution of 30 g/l TBT and 3
wpg/l TPT at a flow-rate of 7 ml/min. Elution with 10 ml of
methanol. The values obtained are means of three paraliel
determinations, of which the bias exceeded *3% in all cases.

species without a column chromatographic step
[46]. A comparison of three sorbents, Carbo-
pack, C; and C,4, showed the best recoveries of
mono-, di- and tributyltin with Carbopack and
C,; and elution with methanol [47]. Other or-
ganotins were not examined in that study.
Methanol was also considered to be the best
eluent for the preconcentration of TPT on C,,
sorbent by other workers [43].

The solid-phase extraction study in this work
was carried out for the two most important
environmentally organotin species, TBT and
TPT, with the use of five commercially available
non-polar sorbents. The results obtained (Table
3) show a very different behaviour of the sor-
bents examined. The data in Table 3 are means
of three parallel experiments. The earlier data
[43] showing a satisfactory recovery of TPT on
C,; were confirmed, but this sorbent was not
appropriate for the preconcentration of TBT, as
the mean recovery was 33% only. Other workers
found for the preconcentration of TBT from a 1-1
sample recoveries as low as 24% [47], although
in other work at a much higher flow-rate satisfac-
tory results were reported [42]. The most appro-
priate sorbent in this work was found to be
Amberlite XAD-2, which has not, so far, been
used for the preconcentration of organotin
species. However, the recovery of TBT substan-
tially decreases with sample flow-rates during

preconcentration below 2 ml/min. The recovery
of TBT on XAD-2 is not influenced by flow-rate
in the range 2-12 ml/min.

The recovery in the preconcentration of TBT
and TPT on XAD-2 was also studied in the
presence of common inorganic salts occurring in
various natural waters except sea water. The
presence of 100 mM NaCl, 1 mM CaCl, and
Na,SO, and 0.8 mM Cu(NO,), did not affect
the preconcentration of TPT, whereas the re-
covery of TBT was 71-79%.

The results obtained demonstrate that the use
of solid-phase extraction with XAD-2 improves
the detectability of both chromatographic and
CE determinations by about three orders of
magnitude, which offers the possibility of practi-
cal application in the environmental analysis of
natural waters, except sea water with a high salt
content.
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