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! Gas chromatography

2 High performance liquid chromatography
3 Supercritica fluid chromatography

* Atomic absorption spectrometry

> Atomic emission spectrometry

® Mass spectrometry

" Flame photometric detector
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! Inductive coupled plasma- mass spectrometry

2 Microwave induced plasma— atomic emission spectrometry
® Electron capture detector

* Pulsed flam photometric detector
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2 Molecular imprinted polymers
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! Solid phase microextraction
2 Fused silica
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! Liquid phase microextraction
2 Single drop microextraction
3 Supported liquid membrane drop
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! Fast extraction methods

2 Microwave assisted extraction
% Supercritical fluid extraction

* Pressurized liquid extraction

5 On-line
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! Microwave assisted derivatization solvent extraction
2 Microwave assisted purge and trap
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! Supercritica Fluid Extraction
2 Modifier
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! Stir bar sorptive extraction
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! Capillary gas chromatography — inductive coupled plasma— mass spectrometry
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! Dispersive liquid-liquid microextraction
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! Enrichment Factor (EF)
2 Extraction Recovery (ER)
% Relative recovery
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! Homogeneous liquid liquid microextraction
2 Cloud point extraction
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! Dispersive liquid liquid microextraction
2 Carrier gas
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Dispersive liquid-liquid microextraction and gas chromatography-flame photometric detection (DLLME-
GC-FPD) were performed for the speciation of butyl and phenyltin compounds in water samples after
derivatization with sodium tetraethylborate (NaBEt4). Some important parameters, such as pH, amount
of NaBEty, derivatization time, kind and volume of extraction and disperser solvents, extraction time
and salt effect were investigated and optimized. High enrichment factors (825-1036) and low detection
limits (0.2-1ngL-1) were obtained under the optimum conditions. The calibration graphs were linear in
the range of 0.5-1000ngL~"! (as Sn) for the target analytes. The relative standard deviations (RSDs) for
the extraction of 20ngL-! (as Sn) of butyl and phenyltin compounds varied from 2.3 to 5.9% (n=7) and
from 4.1 to 8.8% (n=7) with and without using internal standard, respectively. Seawater and river water
samples were successfully analyzed using the proposed method and the relative recoveries of the studied
compounds in the water samples, at spiking levels of 10.0 and 100ngL~" (as Sn) were obtained to be

82.5-104.7%.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

During the past decades, usage of organotin compounds that
are legislatively banned and have been included in the Euro-
pean list of priority pollutants [1], especially in the form of their
chloride complexes (R,SnX4_,), in industrial processes and prod-
ucts as accelerators, polyvinyl chloride (PVC) stabilizers, coatings,
antifouling paints and biocides has increased significantly [2].
Contamination of marine and fresh water environments by these
species is primarily due to their use in antifouling paints [3].
Their extremely toxicity and severe effects on both aquatic organ-
isms [4] and mammals [5], including humans and also their high
bioaccumulation potential have led to the control of pollution lev-
els of organotin species, such as butyl and phenyltin compounds
in environmental samples, especially at low concentration levels.
Therefore, the development of accurate and sensitive analytical
methods for these compounds determination is of special impor-
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fax: +98 21 77491204.
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tance. Subsequently, different studies confirmed the presence of
the organotin compounds in all compartments of the aquatic envi-
ronment like water [6], sewage sludge [7], suspended matter [8],
sediments [9] and biomass [10].

Analytical methods for the determination of organotin com-
pounds should provide sufficient sensitivity; most methods
combine a separation technique such as gas chromatography
(GQ), liquid chromatography (LC) or supercritical fluid chromatog-
raphy (SFC) with an element-selective detection method like
atomic absorption spectrometry (AAS), atomic emission spectrom-
etry (AES), mass spectrometry (MS), flame photometric detection
(FPD) or inductively coupled-plasma mass spectrometry (ICP-
MS) [11-13]. GC techniques are widely used in comparison with
the other methods mentioned, which is due to the commercial
availability of more highly developed detectors and hyphenated
techniques (based on GC separations). Since levels of organotin
compounds in environmental water samples are usually below the
detection limits of the above-mentioned techniques, it is neces-
sary to apply a preconcentration step prior to chromatographic
analysis.

For GC analysis, polar ionic organotin species need to be
extracted from the sample matrix and converted into their fully
alkylated and more volatile forms by derivatization, which makes
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their separation possible with the aid of this analytical system.
The derivatization step leads to sharper peaks and therefore
better separation and higher sensitivity. This step includes
alkylation by Grignard reagents [14], hydride generation by
sodium borohydride [15], or ethylation by sodium tetraethylborate
[16].

Various extraction methods have been described for organotin
compounds among which ethylation with sodium tetraethylborate
(NaBEty) followed by liquid-liquid extraction (LLE) into hexane or
isooctane [16-24] is the most common procedure. Another proce-
dure is based on supercritical fluid extraction (SFE) with carbon
dioxide that needs the addition of organic modifiers of complexing
agents to improve the efficiency of the extraction [25]. Solid-phase
extraction (SPE) is an attractive approach when the solid-phase
is housed in cartridges or disks due to the possibility of integra-
tion in on-line flow analysis [26]. Although these conventional
extraction methods are efficient and precise, they are relatively
time-consuming and the organic solvents used are hazardous to
human health and extremely expensive with respect to their dis-
posal.

Recently, microextraction techniques such as solid-phase
microextraction (SPME) [27-35] and solvent-phase microextrac-
tion [36,37], have been widely applied for the preconcentration
and quantification of tin species in water and in aqueous extracts of
sediments and biological matrices of different compounds. Solvent-
phase microextraction (single drop microextraction, liquid-phase
microextraction, liquid-liquid microextraction, etc.) based on a tra-
ditional LLE technique, is a less well-known method that utilizes
only a few microliters of organic solvent as the extracting phase
[36,37]. It should be noted that the feasibility of organic solvent
single drop to achieve preconcentration for headspace analysis of
organotin compounds in aqueous samples has been discussed pre-
viously [38].

Nowadays, a new mode of liquid-phase microextraction (LPME)
named dispersive liquid-liquid microextraction (DLLME) as a
high-performance, powerful, rapid and inexpensive microextrac-
tion method has been proposed [39]. The basic principles of
this method is dispersion of extraction solvent (immiscible in
water) assisted with disperser solvent (miscible in both water
and extraction solvents) within aqueous solution which lead to
very high contact area between aqueous phase and extraction sol-
vent. With the development of DLLME, its application has been
extended to separation, preconcentration and determination of
organic [39-50] and inorganic [51-56] compounds in water sam-
ples.

From commercial, economical and environmental point of view,
DLLME offers several important advantages over conventional sol-
vent extraction methods: faster operation, easier manipulation,
no needs to large amounts of organic extraction solvents, low
time and cost, high recovery and enrichment factor, less stringent
requirements for separation and easier linkage to analytical meth-
ods such as GC [39-43], GC-MS [44-47], high-performance liquid
chromatography (HPLC) [48-50], fiber optic-linear array detection
spectrophotometry (FO-LADS) [51], electrothermal atomic absorp-
tion spectrometry (ET-AAS) [51-54] and flame atomic absorption
spectrometry (FAAS) [55,56]. Thus, DLLME could be considered
as an alternative technique to fit these purposes because of
its simplicity and applicability in almost all analytical laborato-
ries.

This work is mainly focused on the suitability of DLLME-GC-FPD
method for speciation and determination of butyl and phenyltin
compounds in water samples after derivatization with NaBEty.
In addition, some important parameters, such as pH, amount of
NaBEty, derivatization time, kind and volume of extraction solvent
and disperser solvent, extraction time and salt effect were investi-

gated and optimized. To evaluate the applicability of the proposed
method, it was then applied for the analysis of environmental water
samples.

2. Experimental
2.1. Regents and standards

Monobutyltin trichloride (MBT, 97%), dibutyltin dichloride (DBT,
99%), monophenyltin tridichloride (MPhT, 92.5%), diphenyltin
dichloride (DPhT, 97%) and tripropyltin chloride (TPT, 97%) were
purchased from Dr. Ehrenstorfer (Augsburg, Germany). Tributyltin
chloride (TBT, 99%) and triphenyltin chloride (TPhT, 97%) were
purchased from Merck (Darmstadt, Germany). The individual
organotin stock standard solutions containing 1000mgL-! (as
Sn) were prepared in methanol. When stored in the dark at
+4°C, stock standard solutions are stable for at least 1 year
[22]. Working solutions were prepared by appropriate dilu-
tion of the stock standard solutions. Tripropyltin chloride was
used as the internal standard. All aqueous solutions were pre-
pared with ultra-pure water (Ghazi, Tabriz, Iran). NaBEts; was
obtained from Acros (Geel, Belgium): working solution was
made daily by dissolving 0.01g in 1mL ultra pure water and
storing in dark at +4°C. Other chemical used were carbon tetra-
chloride (analytical grade for determination with dithizone),
tetrachloroethylene (for spectroscopy) and chlorobenzene (for
extraction) as extraction solvents, methanol (Suprasolv for gas
chromatography), ethanol (for spectroscopy), acetone (Suprasolv
for gas chromatography) and acetonitrile (hyper grade for liquid
chromatography) as disperser solvents, acetic acid (Suprapure),
sodium acetate (Suprapure) and NaCl (Suprapure), obtained from
Merck.

All glasswares were rinsed with ultra pure water, decontami-
nated overnight in 10% (v/v) nitric acid solution and rinsed again
[27].

The seawater and river water samples, used to design the
method, were collected from Northern Iran in glass bottles, stored
in the dark at 4°C and analyzed within 48 h of collection without
any previous treatment or filtration.

2.2. Instrumentation

A Shimadzu 2010 gas chromatograph (Kyoto, Japan) equipped
with a FPD system and a split/splitless injector was used. The
separation of organotin compounds was carried out on capillary
column BPX5 (30m x 0.25 mm i.d.) coated with 95% methyl-5%
phenylsilicone (0.25 pm film thickness) (SGE, Melbourne, Aus-
tralia). Ultra pure helium (99.9999%, Air products, Surrey, UK)
passed through a molecular sieve trap and oxygen trap (Chro-
matography Research Supplies, Louisville, KY, USA) was used as
the carrier gas at constant linear velocity of 35cms~!. The injec-
tion port was held at 280°C and used in the splitless mode
with splitless time of 1 min. The oven temperature was initially
held at 50°C for 2min, and then programmed at 20°Cmin~!
to 150 and 10°Cmin~! to a final temperature of 250°C which
was held for 3min. The FPD temperature was maintained at
300°C, hydrogen gas was generated with hydrogen generator
(OPGU-2200s, Shimadzu) for FPD at a flow rate of 100 mL min—1.
The flow rate of zero air (99.9995%, Air Products) for FPD was
120 mLmin~!.

All the 10-mL screw cap conical bottomed glass test tubes
(extraction vessels) were maintained at 500 °C for 30 min in a fur-
nace (Carbolite, model CWF 1200, Hope Valley, UK) to remove
organic compounds and sediment fine droplets of the extrac-
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tion solvent well (carbon tetrachloride) in the centrifugation
step.

pH measurements were made with a Metrohm pH meter
(Model: 691, Herisau, Switzerland) using a combined glass elec-
trode. Phase separation was conducted with a Centurion Scientific
centrifuge (Model 1020D, Arundel, UK).

2.3. Derivatization and microextraction procedure

A 5.00-mL aliquot of water samples (ultra pure water, river
water or seawater) were placed in a 10-mL screw cap conical bot-
tomed glass test tube, spiked with the internal standard solution
(tripropyltin chloride) at the concentration of 20ngL-! and the
butyltins and phenyltins standard solutions. pH was adjusted to
5 with sodium acetic acid and sodium acetate buffer solutions
(0.50mL of 1M buffer for 5.00 mL of sample). Derivatization was
carried out using 25 L NaBEt4 solution (0.01g NaBEty in 1mL
ultra pure water) within 5 min. A 500-p.L volume of ethanol (dis-
perser solvent) containing 11.5 pL carbon tetrachloride (extraction
solvent) was injected rapidly into the aqueous solution with a 500-
WL gastight syringe (Hamilton, Reno, NV, USA). The injection led
to a cloudy water solution caused by the fine droplets dispersion
of the immiscible extraction solvent (carbon tetrachloride) in the
aqueous sample and resulted in the generation of a high contact
area between the aqueous phase and the extraction solvent. In this
step, the ethylated organotin compounds were extracted from the
water samples into the fine droplets of carbon tetrachloride within
less than 5s which is the time needed to transfer the test tube to
centrifuge.

The final step of the microextraction procedure was centrifuga-
tion (2 min at 5000 rpm) to collect the dispersed tiny droplets of
carbon tetrachloride in the bottom of the conical test tube. The
volume of the sedimented phase, which was about 5.0 +0.2 pL,
was determined with a 10.0-pL microsyringe (SGE). For the detec-
tion of the enriched analytes (organotin compounds), 2.00 wL of the
sedimented phase was removed with the aid of a 5.00-p.L microsy-
ringe (zero dead volume, nozzle tip needle, SGE) and injected into
GC.

3. Result and discussion

In order to obtain a high enrichment factor, effect of different
parameters affecting the derivatization (ethylation) and microex-
traction conditions were optimized. Eq. (1) was used for the
calculation of the enrichment factor.

_ Csed
EF = & (1)

Table 1

where EF, C,q and Cp are the enrichment factor, the analyte
concentration in the sedimented phase and the initial analyte
concentration in the aqueous sample, respectively. Csoq Was calcu-
lated from the calibration graph obtained by the conventional LLE
and GC-FPD (extraction conditions: 5.00 mL standard water sam-
ple in the concentration range of 1-25 ugL~! (as Sn) of butyl and
phenyltin compounds, 0.0010 g NaBEt, with derivatization time of
5min, pH 5 and extracted with 5.00 mL isooctane for 5 min).

3.1. Effect of derivatization parameter

The overall derivatization conditions for ethylation of butyltins
chloride and phenyltins chloride using NaBEt4 such as pH, amount
of NaBEt, and time have been discussed in detail elsewhere [ 16-24].
Similarly, our attempts were primarily centered on optimizing
these parameters under our microextraction conditions (DLLME).
For this propos, pH, the amount of NaBEt,4 and the time required for
derivatization of 5.00 mL aqueous butyl and phenyltin compounds
(concentration of 20ngL~1 as Sn) were tested in the range of 3-7,
0.01-1.0mg and 0.5-10 min, respectively. The optimum values of
pH, NaBEt4 and derivatization time were obtained to be 5+0.5,
0.25mg (25 L solution of 0.01 g NaBEt4 in 1 mL ultra pure water)
and 5 min, respectively, which are almost similar to those reported
in the literature [16-24].

3.2. Influence of the extraction solvent kind and volume

Selection of an appropriate extraction solvent plays an impor-
tant role to get a high sensitivity in DLLME. Therefore, kind
and volume of the solvent was studied and optimized. Extrac-
tion solvent should have special characteristics including low
solubility in water, extraction capability of interested com-
pounds, higher density than water and it should also show a
good chromatographic behavior. A variety of water immiscible
organic solvents, which have the above-mentioned character-
istics, such as chlorobenzene, tetrachloroethylene and carbon
tetrachloride were investigated as the possible extraction sol-
vents. To investigate the effect of extraction solvent, a series
of sample solutions were tested using 500 pL ethanol contain-
ing different volumes of extraction solvents to achieve 5.0 wL
volume of the sedimented phase. Solubility of extraction sol-
vents in water are different. Therefore, to recover 5.0 pL volume
of the sedimented phase at the bottom of a conical test
tube, it is necessary to add an excess to account for this
solubility. Thereby, 10.5, 7.5 and 11.5 pL of chlorobenzene, tetra-
chloroethylene and carbon tetrachloride were used, respectively.
According to the results displayed in Table 1, carbon tetra-
chloride shows higher extraction efficiency in comparison with
tetrachloroethylene and chlorobenzene and as a result, carbon

Enrichment factor of different extraction solvents evaluated for extraction of butyl and phenyltins by DLLME?

Compounds Enrichment factor
Chlorobenzene, mean (SDP, n=3) Tetrachloroethylene, mean (SD, n=3) Carbon tetrachloride, mean (SD, n=3)

MBT 611 (16) 759 (20) 923 (25)
DBT 672 (15) 820(19) 987 (18)
TBT 739 (19) 893 (23) 1036 (23)
MPhT 760 (25) 684 (26) 825(31)
DPhT 803 (28) 717 (27) 874 (29)
TPhT 865 (23) 744 (22) 951 (28)

2 Extraction conditions: water sample volume, 5.00 ml; disperser solvent (ethanol) volume, 500 wL; extraction solvent volumes, 10.5 uL chlorobenzene, 7.5 pL tetra-
chloroethylene and 11.5 pL carbon tetrachloride; sedimented phase volume, 5.0 +£0.2 pL; amount of NaBEt4, 0.25 mg; pH 5; concentration of each butyl and phenyltins,

20ngL-" (as Sn).
b SD, standard deviation.
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Table 2

Enrichment factors of different disperser solvents evaluated for extraction of butyl and phenyltins by DLLME?

Compounds Enrichment factor
Acetone, mean (SD, n=3) Acetonitrile, mean (SD°, n=3) Methanol, mean (SD?, n=3) Ethanol, mean (SDP, n=3)

MBT 911 (38) 935 (31) 941 (33) 923 (25)
DBT 968 (37) 992 (29) 970 (28) 987 (18)
TBT 995 (41) 1008 (34) 1014 (30) 1036 (23)
MPhT 810 (54) 841 (47) 840 (39) 825 (31)
DPhT 844 (46) 879 (35) 858 (40) 874 (29)
TPhT 935 (43) 977 (34) 967 (37) 951 (28)

2 Extraction conditions: water sample volume, 5.00 ml; extraction solvent (carbon tetrachloride) volume, 11.5 pL; disperser solvent (acetone, acetonitrile, methanol and
ethanol) volume, 500 p.L; sedimented phase volume, 5.0 + 0.2 .L; amount of NaBEts, 0.25 mg; pH 5; concentration of each butyl and phenyltins, 20 ngL~' (as Sn).

b SD, standard deviation.
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Fig. 1. Effect of the volume of ethanol (disperser solvent) on the enrichment factor
of butyl and phenyltins obtained from DLLME. Extraction conditions: volume of
water sample, 5.00 mL; volume of extraction solvent (carbon tetrachloride), 11.5 pL;
amount of NaBEty, 0.25 mg; pH 5; concentration of butyl and phenyltin compounds,
20ngL-! (as Sn).

tetrachloride was selected as optimal extraction solvent in this
work.

To investigate the effect of extraction solvent volume on the
enrichment factor, additional experiments were performed using
500 p.L ethanol containing different volumes of carbon tetrachlo-
ride (11.5, 16.5, 21.5, 27.0 and 33.0 p.L). Increasing the volume of
carbon tetrachloride from 11.5 to 33.0 p.L, the volume of the sedi-
mented phase increased approximately from 5 to 25 L. The result
shows enrichment factor decreases with increasing the volume of

Table 3
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Fig. 2. Effect of salt addtion on the enrichment factor of butyl and phenyltin com-
pounds obtained from DLLME. Extraction conditions, as with Fig. 1.

carbon tetrachloride; it is clear that by increasing the volume of
carbon tetrachloride the volume of the sedimented phase increases.
Subsequently, at low volume of the extraction solvent (11.5 wL) high
enrichment factors were obtained. According to the results, 11.5 pL
of carbon tetrachloride was chosen as the optimum extraction sol-
vent volume.

3.3. Influence of the disperser solvent kind and volume

Since disperser solvent should be miscible in both extraction
solvent and aqueous sample, selecting an appropriate disperser sol-
vent is of special importance in DLLME. For the sake of acquiring

Analytical characteristics of DLLME-GC-FPD for determination of butyl and phenyltins in water sample?

Compounds RSDP (%, n=7) RSD® (%, n=7) EFd LR® (ngL~') 2 r2e LODM (ngL-1)
MBT 3.7 6.4 923 2-1000 0.9992 0.9990 0.5
DBT 2.8 4.1 987 1-1000 0.9995 0.9989 03
TBT 2.3 5.0 1036 0.5-500 0.9997 0.9993 0.2
MPhT 5.9 8.8 825 2-1000 0.9992 0.9984 1.0
DPhT 4.5 8.1 874 1-1000 0.9990 0.9988 0.5
TPhT 3.2 7.3 951 2-1000 0.9993 0.9991 0.7

2 Extraction conditions: water sample volume, 5.00 ml; extraction solvent (carbon tetrachloride) volume, 11.5 p.L; disperser solvent (ethanol) volume, 500 p.L; sedimented
phase volume, 5.0 +0.2 pL; amount of NaBEty4, 0.25 mg; pH 5; concentration of internal standard (tripropyltin chloride), 20ngL~1.

b RSD by using internal standard at a concentration of 20 ng L-! (as Sn) of each butyl and phenyltins.

¢ RSD without using internal standard at a concentration of 20ngL~! (as Sn) of each butyl and phenyltins.

d EF, enrichment factor.

¢ LR, linear range.

f 12 by using internal standard.

¢ r2 without using internal standard.
h LOD, limit of detection for a S/N=3.



A.P. Birjandi et al. / ]. Chromatogr. A 1193 (2008) 19-25

the most suitable disperser solvent, four kinds of disperser solvents:
acetone, acetonitrile, methanol and ethanol were studied. A series
of sample solutions were studied using 500 wL of each disperser
solvent containing 11.5 pL of carbon tetrachloride and the enrich-
ment factors were then investigated. Results presented in Table 2
show no statistically significant differences between the disperser
solvents; however, less toxicity and the lowest standard deviation
of ethanol make it a better choice.

After choosing ethanol as appropriate disperser solvent, it is
necessary to optimize its volume. Influence of the disperser sol-
vent (ethanol) volume on the extraction efficiency was tested over
the range of 250-1500 L, but variation of ethanol volume (dis-
perser solvent) caused changes in the sedimented phase volume.
Hence, it was impossible to consider the influence of ethanol vol-
ume on the extraction efficiency in DLLME, independently. To
avoid this problem and in order to attain a constant volume of
the sedimented phase, ethanol and carbon tetrachloride volumes
were changed simultaneously. The experimental conditions were
fixed and included the use of different ethanol volumes: 250,
500, 750, 1000, 1250 and 1500 pL, containing 11.0, 11.5, 12.9,
14.7, 16.4 and 18.5 p.L of carbon tetrachloride, respectively. Under
these conditions, the sedimented phase volume remained con-
stant (5.0+0.2 p.L). Fig. 1 shows the curves of enrichment factors
of organotin compounds versus the volume of ethanol. At the low
volume of disperser solvent, ethanol cannot disperse extraction sol-
vent properly and the cloudy solution is not formed completely and
at high volume, the solubility of ethylated organotin compounds
in water increases, therefore, the extraction efficiency decreases.
According to the results, 500 L of ethanol was chosen as the opti-
mum disperser solvent volume.

3.4. Influence of the extraction time

Extraction time (interval time between the injection of a mix-
ture of disperser solvent and extraction solvent, before starting
to centrifuge) is important factor that may affect analytes extrac-
tion efficiency from aqueous phase into organic phase. Variation
of enrichment factor of organotin compounds as a function of
extraction time was studied in the range of 0.1-10 min. The result-
ing data show that the extraction time has no significant effect
on the extraction efficiency for all the target compounds. It was
revealed that after the formation of the cloudy solution, the con-
tact area between the extraction solvent and the aqueous phase
was considerably large, delineating why the extraction equilib-
rium could be established very fast. In this method the most
time-consuming procedures were the derivatization of organ-
otin compounds and centrifugation of the sample solutions in
the extraction procedure, which were about 5 and 2 min, respec-
tively.

3.5. Influence of salt addition

The effect of salt concentration on the microextraction of
the studied organotin compounds was evaluated by adding NaCl
(0-10%, w/v) into 5.00 mL of the spiked aqueous organotin solution
(20ngL-1 as Sn). The result (Fig. 2) shows that the enrichment fac-
tors very slightly decreased with the increase of NaCl concentration
in the studied range. It is clear that by increasing the NaCl con-
centration, the volume of the sedimented phase slightly increases
because of the decrease in solubility of the extraction solvent in the
presence of salt. These observations reveal the possibility of using
this method for the organotin compounds separation from saline
solutions up to 10% (w/v).

Table 4

Concentrations of butyl and phenyltins in seawater and river waters, and relative recovery of butyl and phenyltins spiked seawater and river waters?

100ngL~! spiked river water

River water, 10ngL-! spiked river water

100ngL-! spiked seawater

10ngL-! spiked seawater

Seawater,

Compounds

mean +SDP (ngL-1)

mean =+ SDP

(ngL™1)

Relative recovery

(

Found,

Relative recovery

(%)

Found,

Relative recovery

(%)

Found,

Relative recovery

(%)

Found,

)

%

mean + SDP

(ngL-1)

mean + SDP

(ngL-1)

mean + SDP

(ngL-1)

mean + SDP

(ngL™1)

98.2

98.2 + 2.1

103.6

10.36 + 0.32

nd¢
nd¢
nd¢
nd¢
nd®¢
nd¢

101.1

101.6 £+ 3.5

95.1

9.51 + 0.47
9.23 £ 0.38
9.75 + 0.36
8.25 + 0.60
9.08 £ 0.55

nd®
nd®
nd®
nd®
nd®

nd®
a Extraction conditions: water sample volume, 5.00 ml; extraction solvent (carbon tetrachloride) volume, 11.5 pL; disperser solvent (ethanol) volume, 500 p.L; sedimented phase volume, 5.0 +0.2 pL; amount of NaBEty,

0.25mg; pH 5; concentration of internal standard (tripropyltin chloride), 20ngL-1.

MBT
DBT
TBT

102.6
104.7

102.6 + 1.8

95.5

9.55 + 0.24
9.81 £ 0.27
9.04 £+ 0.53
9.30 £ 0.41

95.0

95.0 + 2.7
939 £ 2.5
94.7 + 4.0

923

104.7 + 1.6

98.1

93.9

97.5

97.0
100.5

97.0 + 3.8
100.5 + 2.9

90.4

94.7

82.5

MPhT
DPhT

93.0

93.2

93.2 + 3.6
98.1 +3.2

90.8
8

98.6

98.6 + 2.5

97.3

9.73 £ 0.34

98.1

8.7

8.87 + 0.49

TPhT

=3).

b SD, standard deviation (n

¢ nd, not detected.
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Table 5

Comparison of DLLME-GC-FPD with other extraction methods for determination of butyl and phenyltins in water

Method Sample consumption RSD? (%) LODP (ngL-1) Extraction solvent Sample preparation Reference
(mL) volume (L) time (min)

LLE-GC-FPD 100 6-11 4-21 300 30 [27]

LLE-GC-FPD 100 6-11 41-9.9 300 30 [29]

SPME-GC-FPD 100 8-11 2-18 - 60 [27]

SPME-GC-FPD (magnetic stirring) 100 7-17 0.16-1.42 - 60 [29]

SPME-GC-FPD (mechanical stirring) 100 3-16 0.006-0.583 - 60 [29]

HS-SPME-GC-PFPD 80 9-21 0.01-11.3 - 10 [31]

DLLME-GC-FPD 5 2.3-59 0.2-1 11.5 <8 Represented method

2 RSD, relative standard deviation.
b LOD, limit of detection.

3.6. Analytical characteristics of the method

The characteristics of quantitative analysis shown in Table 3
were obtained under optimized conditions. As can be seen, good
linearities were observed for all analytes, with the correlation coef-
ficient (r?) ranging from 0.9990 to 0.9997 and from 0.9984 to 0.9993
with and without the use of internal standard, respectively. The
precisions were studied by extracting the spiked water sample at
the concentration of 20ngL-! (as Sn) of butyl and phenyltins. The
relative standard deviations (RSDs) were calculated to be in the
range of 2.3-5.9% and 4.1-8.8% with and without the use of inter-
nal standard (n=7), respectively. The limit of detections (LODs),
based on signal-to-noise ratio (S/N) of 3 ranged from 0.2 to 1 ng L1,
The enrichment factors of the target analytes were from 825 to
1036.

3.7. Real water analysis

To test the applicability of the proposed method in real water
samples, it was applied to the determination of butyl and phenyltin
compounds in seawater and river water samples. For this purpose,
5.00mL of each sample was preconcentrated using DLLME tech-
nique after derivatization with NaBEt, and the obtained results are
shown in Table 4. As it can be seen in, the samples were free from
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Fig. 3. Chromatogram of seawater (A) and spiked seawater at the concentration
level of 10.0 ng L~ (as Sn) of each butyl and phenyltin compound (B) obtained using
DLLME-GC-FPD. Extraction conditions: as with Fig. 1; concentration of tripropyltin
chloride (1.S.), 20.0 ng L-'. Peak identification: (1) MBT; (2) DBT; (3) MPhT; (4) TBT;
(5) DPhT; (6) TPhT; (1.S.) tripropyltin chloride.

the studied organotin compounds (below the limit of detection).
In order to assess matrix effect, the standard addition method was
applied for the determination of butyl and phenyltins [at spiking
levels of 10.0 and 100ngL-! (as Sn)] in real water samples. The
obtained results were compared with those obtained from spiked
distilled water samples. The resulted relative recoveries (Table 4)
are between 82.5 and 104.7%, which indicates that matrix had
little effect on the microextraction efficiency. Fig. 3 presents chro-
matograms of seawater sample prior to and after spiking of the
organotin compounds at the concentration level of 10.0ngL-! for
each analyte.

3.8. Comparison in performance for DLLME with other extraction
methods

Characteristics of the proposed method have been also
compared with other methods which were used for the precon-
centration and determination of organotin compounds. Table 5
compares sample volume, extraction solvent volume, limit of detec-
tion, repeatability, and sample preparation time. It shows that
the proposed method has distinct advantages over the others.
DLLME have the shortest extraction time, lowest relative standard
deviation and lowest extraction solvent volume. In addition, the
detection limits of the method is lower or comparable with other
methods (expects with mechanical stirring SPME and headspace
SPME), which consume low sample amount (5mL). Some tech-
niques such as GC-ICP-MS have very low limit of detections [28]
but these kind of analytical instruments are not only very expen-
sive but also need high operation proficiency. Therefore, DLLME
combined with GC-FPD is a very simple and sensitive method for
the extraction and determination of organotin compounds in real
water samples.

4. Conclusions

Application of a recently innovated microextraction technique,
DLLME, for the extraction of ultra trace concentrations of butyl and
phenyltin compounds in water samples in combination with GC-
PFD has been developed and optimized. The proposed technique
has distinct advantages over conventional sample preparation
methods with respect to simplicity, very low extraction time and
volume of extraction solvents required. The results show that
DLLME-GC-FPD is a precise, economic and means of reproducibly
analyzing trace butyl and phenyltin compounds in natural environ-
mental samples.
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Abstract

The performance of dispersive liquid-liquid microextraction and gas
chromatography — flame photometric detection (DLLME-GC-FPD) used for the
speciation of butyl- and phenyltin compounds in water samples after derivatization with
sodium tetraethylborate (NaBEt4) was evaluated. Some important parameters, dispersive
solvents, extraction time and salt effect were investigated and optimized.
Under the optimum conditions, high enrichment factors (825-1036) and low detection
[imits (0. 2-1 ng L-1) were obtained. The calibration graphs were linear in the range of
0.5-1000 ng L-1 (as Sn) for target analytes. The relative standard deviations (RSDs) for
the extraction of 20 ng L—1 (as Sn) of butyl- and phenyltin compounds varied from 2.3 to
5.9% (n = 7) and 4.1 to 8.8% (n = 7) with and without the use of internal standard,
respectively. Seawater and river water samples were successfully analyzed using the
proposed method. The relative recoveries of studied compounds in seawater and river
water samples, at spiking levels of 10.0 and 100 ng L-1 (as Sn) were 82.5-104.7%.
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