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A rapid and highly sensitive method is describedthe extraction and determination of di- andutiftin in PVC samples
using headspace liquid phase microextraction fakbwy an analysis with graphite furnace atomic giigm spectrometry (HS-
LPME/GFAAS). The analytes were derivatizadsitu with sodium tetraethylborate and concentrated @ @ microdrop of
benzyl alcohol suspended from the tip of a coneerati GC microsyringe. The ethylated species thereweectly transferred
into a graphite furnace and quantified. The extoastwere carried out for 5 ml sample solution (8/ral) adjusted at pH 5, with
derivatization at 22 °C for 15 min in a 2% sodiwtrdethylborate. The experimental parameters inmgathe performance of
HS-LPME were also investigated. According to thalgsis, the linearity range was from 5.0 to 2530 hwith a detection limit
of 0.5 ng 1 for dibutyltin and from 1.7 to 170.0 ng With a detection limit of 0.17 ng'Ifor tributyltin. Method RSD values were
below 1.5%. Finally, the analysis of spiked PVC arader samples revealed that matrix had littleafégpon extraction

Keywords: Organotin compounds (OTC), Headspace liquid phageosxtraction (HS-LPME), Poly-vinyl chloride (PVC)
Electrothermal atomic absorption spectrometry (BiSA

INTRODUCTION The widespread commercial use of this chloringiiestic
in recent years, has led to greater direct intemaciof
Organotin compounds (OTC) are produced at ~51,0008rganotins with the environment. These compoundssea
tonnes per annum globally [1]. They are used ektehsin serious environmental or toxicity problems [7]. Tinegative
agriculture and industry as biocides, insecticidangicides, effects on the environment spread at concentratémes as
wood preservations, antifouling agents and polystebilizers low as sub ng™. Tributyltin (TBT), for example, has been
[2]. Nowadays, one of the major applications ofamrgtin  identified to be responsible for the imposex symukoin
compounds (about 70%) is as heat and light stabiliz certain marine gastropods at concentrations in maftdew
additives in PVC processing [3,4]. The PVC polymbecomes ng " with a lethal concentration for the sensitive speéh the
unstable under the influence of heat and lightultesy in  range of 0.1 to 3@g ' [8,9]. Other OTCs also exert strong
discoloration and embitterment. It has been esthbl that by  biocidic effects, including emhigh larval mortalizd severe
adding certain organotin derivatives this kind efjthdation malformation of shells in oysters, growth retardatiin
process can be prevented [5]. Today, approxima@yf the mussels and micro-algae, and deformities in fiddieabs
Sn metal is used to produce organometallic dekast[6]. [10,11]. Hence, a rapid, efficient, and sensitivealgtical
method is vital to determine the trace of these mmmds in
*Corresponding author. E-makaykhaii@hamoon.usb.ac.ir  various sample matrices. The procedure shounidude a
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reliable analytical method based on the combinaténa
concentration step with some selective and semsénalysis
technique. In the analysis of tin compounds, gdhettzere is
a need for a preliminary derivatization to convids native
species into less polar compounds, including atlofa by
Grignard reagents or sodium tetraethylborate (NaBELt2].

Proper sample preparation largely determines tiglity
of analytical samples for trace analysis.
investigations have set forth various types of amtton
methods for OTs in water, including liquid-liquicteaction
[13], solid-phase extraction (SPE) [14,15] and sapkcal
fluid extraction (SFE) [16-18]. Conventional extiaa
methods, although efficient and precise, are nadtitime-
consuming because the solvent decantation mayuiake 12
h, depending on the sample matrix [2]. Moreovere th
extensive use of organic solvents in analyticabtabories is
no longer desirable because of environmental aralthe
concerns. In the past decade, a number of methmgs heen
developed which are solvent free or low solventscwmption
methods. Among these, solid-phase microextract®iPME)
[19] and liquid-phase microextraction (LPME) [2@]ve been
proposed as promising alternatives to LLE due teirth
simplicity of use and high preconcentration powd?ME is
less known and is based on a traditional liquiditig
extraction (LLE) technique, but utilizes only smaieasures
of organic solvent as the extracting phase [21¢ Tthnique
is rather inexpensive compared to sorbent-basedoapipes
such as SPME or SPE. LPME has been shown to babevi
alternative sample preparation method compared hto t
conventional LLE [22-27]. Delivery and recovery affew
microliters of an organic solvent requires nothépgcial more
than a GC syringe. There is a clear advantage plyiag
headspace sampling for compounds exhibiting highowva
pressure, as the extraction process can be significfaster in
this mode [28].

Headspace analysis of derivatized organotin comg@®in
agueous or other matrices was found to be effe¢89¢ In
such systems, after sampling the headspace, GAdgmyp a
variety of different detectors) is used for the seduent
analysis in most cases [30-37]; however, becauses dime-
consuming nature, a powerful alternative for thalgsis of
organometallic compounds at low concentration eesluld
be atomic absorption spectroscopy.

The present work describes a new and simple ptoeed
for the extraction and determination of di- and iityltin by
headspace liquid phase microextraction combinec veit
graphite furnace atomic absorption spectrometry-(RSIE-
GFAAS) following in situ sodium tetraethylborate
derivitization. The method is sosimple and quickttithe
overall time of extraction and determination offeaample is

Previoudess than 20 min.

EXPERIMENTAL

Standards and Reagents

The water used for the procedural blanks and fer t
preparation of the solutions employed for the etiom
efficiency experiments was obtained from a Millir€@agent
water purification system (Millipore, Bedford, MAJSA).
Sodium chloride, which was added to the samplesrbef
extraction, was conditioned by heating at 45061C4 h before
use. Organic solvents (GC grade or 99% minimumtyuri
used in this work were mesithylene, buthyl acecatelecane,
n-decane, toluene, benzyl alcohol and tetrahydaofuiTHF)
obtained from Fluka, Buchs, Switzerland.

Standard solution (1000 md)lof dibutyltin (DBT) and
tributyltin (TBT) (Merck, Darmstadt, Germany) in thanol
was prepared by accurately weighing ~0.02 g ofya@dhto
100-ml volumetric flasks and diluting to volume astdred in
a refrigerator when not in use. Working solutiongrev
prepared by sequentially diluting the stock soluiowith
methanol. The reagent solution was prepared byidgua 5
ml aliquot of DBT and TBT to 100 ml. Working stamda
solutions in the range of 0.02-10 mg Were prepared by
dilution in methanol. Acetic acid (EM Science (Gsldown,
NJ, USA)) was purified by distillation of reagentade
feedstock in quartz still prior to use. Sodium aetrhenyl
borate (NaBP)) and sodium tetraethylborate (NaBEt
solution 2% (m/v) were prepared daily by dissolvisgiid
material (Aldrich Chemical, Milwaukee, WI, USA) in
deionized water (DIW). A 2 M sodium acetate (Fische
Scientific, Nepean, ON, Canada) buffer was prepdogd
dissolving 32.81 g in 200 ml in DIW and 20 ml gkcacetic
acid. The pH was adjusted to 5 with glacial acaticl.

Sample Preparation
0.25 g of finely ground PVC (Cat. no.1323, CAS
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Registry Number 107-13-1), Aldrich Chemical, Milvieae)
was dissolved in 5 ml of tetrahydrofuran (THF) atigkn
spiked with th edesired amount of each analyte. |[1I06f it
was quantitatively transferred into an 8 ml vialuS
International Trading, USA). The vials were herroally
capped with PTFE-faced silicone septum. Then, sasnpkre
subjected to extraction.

Headspace Liquid Phase Microextraction Analysis
The experimental set-up of headspace LPME istithsd
elsewhere [20]. The extraction was carried outoliews: An

the syringe. The syringe needle was removed frarstéimple
vial, and the extract was directly transferred itite graphite
furnace. All the results were determined with disti water as
a blank and treated similarly.

Instrumentation

The extraction and injection procedures were atared
using a 10 pl microsyringe (Hamilton, Texas, USA.
circulating water bath (Optima 740, Tokyo, Japam@swsed
for adjusting the temperature of the sample viathwan
accuracy of 0.1 °C. The sample was stirred onimest

aliquot of the sample solution was placed in an I8-mpurchased from Hydolph (Germany) with a PTFE-coated

headspace vial. Sodium chloride was added to theplea
solution with a concentration of 30%. When 5 mlagktate
buffer solution was added, the vial was sealed &itATFE-
coated silicon rubber septum. Subsequently, 50®fu2%

(m/v) sodium tetraethylborate solution was injectddhe

solution was stirred by a magnetic stirrer with.& thm stir
bar (VWR scientific, West Chester, PA, USA) at atimjzed

speed of 1000 rpm. The sample vial was preheatedwater
bath for 15 min.

A 2-ul aliquot of the extracting organic solventasv
withdrawn into the microsyringe. The microsyringasathen
inserted into the headspace after piercing thesgptum and
was suspended over the sample solution in a fiasitipn
relative to the headspace vial. The plunger wasedspd so
that 2-ul of the solvent was suspended from theofighe
syringe needle. After extraction, the drop wagacted into

magnetic stir bar. A Shimadzu model AA-680G atomic
absorption spectrometer with a GFA-4A graphite &oe
atomizer and deuterium lamp background correctias used.
A tin hollow cathode lamp (Hamamatsu photonics, t€yo
Japan) was used as a radiation source adjustbd aperating
current to the value recommended by the manufacthligh-
density graphite tubes were used as atomizer. Tomia
absorption signals at 286.3 nm for the Sn line wemarded
on a graphic printer PR-6, at peak height and ¢ siode
for quantification. The measurement conditions giren in
Table 1.

Safety Considerations

Organotin compounds are toxic substances, and NaSE
highly flammable. Material Safety Data Sheets hadbe
consulted and essential safety precautions had abberved

Table 1.Applied Conditions for Tin Determinatiomith GFAAS System

Optimum analytical conditions

Lamp current 7 mA

Wavelength 286.3 nm

Spectral bandwidth 0.2 nm

Signal processing Peak height

Purge gas Ar

GFA heating programme

Stage Furnace temperature (°C) Mode Time (s)  Ar flow rate (I min?)
Drying 100 Ramp 5 15
Ashing 400 Step 5 15
Atomization 2300 Step 4 Gas stop
Cleaning up 3000 Step 3 15
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for all the manipulations. 0.30
g 025}

RESULTS AND DISCUSSION S o020k WTBT W DBT
g 0.15 |

There are three phases involved in the HS-LPMEgss®: 3 0.10 -

sample matrix, headspace, and organic microdropaoc < 0.05 -

phase. First, the analyte is extracted from therimétample 0.00

solution) into the headspace. Then, the analyte-extracted

into the organic microdrop suspended from the tipthe R

microsyringe needle. Therefore, the total procesdriven by N

the concentration differences of the analyte betwéee

aqueous and organic phases. Mass transfer of tigt@from Solvent

the aqueous to headspace to organic microdropreggiuntil Fig. 1. Effect of extraction solvent.

thermodynamic equilibrium is attained or extractias
stopped. According to this theoretical treatmerrameters

0.35

that control the mass transfer of the analyte ftbemaqueous
to organic microdrop should be assessed and opmtiiZhe 0.30
parameters that control the mass transfer include dize, § 0.25 |
extraction time, stirring rate, addition of saltl,pamount of S o2t
NaB(Ety and the organic solvent. § 0.15 |
<
. . 0.10
Selection of the Extracting Solvent 0.05
To extract efficiently, several solvents differiimgpolarity e |
0'00 1 1 1 1 1 1

and boiling point were screened. Solvent selegtivitas
evaluated for the extraction of 5 ml of a standaodlition
containing 20 pg of the analyte, in deionized water. The
stirred solution (1000 rpm) was sampled a@5or 15 min
using 2 pl of appropriate organic solvent. The Itssare  Fig. 2. Effect of the ratio of derivatizing reagent (2% N&B)
shown in Fig. 1. It can be seen that benzyl alcaieés the on peak areas®] TBT, (M) DBT.

highest analytical signals; therefore, Benzyl atdolwas

chosen as the extracting solvent in subsequentiexpets.

0 100 200 300 400 500 600 700

Added NaBEt, (i)

phenyl borate (NaBRh as a derivatization agent showed no

Effect of the Derivatizing Reagent Concentration effect on volatility of the OTs.
Derivatization time, derivatization temperaturedathe

amount of the reagent are the main parametersaffeatt the ~ Stirring of the Sample

efficiency of derivatization. The water samples avapiked In HS-LPME, the transport of analytes from theuldy
with 20 ug ™ organotins standard solution to trace thesample to the gas phase can be improved by stittieg
concentration of derivatizing reagent (NaBEiffect by using sample solution and hence, increasing the extraefificiency
headspace LPME method. Various volume ratios of 2%nd reducing extraction time. In our experimentBTTand
NaBEf, solution combined with 5 ml of sample solution wer DBT standard samples were continuously agitate&2PiC at
used to investigate this effect (Fig. 2). The geetat different stirring rates with a magnetic stir bar @ stir plate.
derivatization obtained was that of the sampletsmiuto the As can be seen in Fig. 3, the peak areas of balytas an
NaBEf, solution ratio at 0.16 (w/v%). The use of soditetra  increase with an increase in the stirring tggeo 1000 rpm.
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Fig. 3. Effect of stirring rate on the relative peak arg#s)
TBT, W) DBT.

Higher stirring rates were not adopted becausepaftaring,

which damages the drop and affects the precisiod an

reproducibility of the extraction. Therefore, inbsequent
work, a stirring rate of 1000 rpm was chosen.

Extraction Time Profile
The effect of time on the extraction efficiency sva

examined in the range of 1-30 min at the optimized

temperature (22 °C) with constant stirring speekde Ppeak
areas increase up to 15 min and decrease at héglraction
times. Therefore, 15 min was used as the optimumaetion
time (Fig. 4).

Volume of Extraction Solvent

The volume of extraction solvent has great effactthe
extraction efficiency. The effects of drop sizetba extraction
of DBT and TBT were examined in the range of 0.8.® ul,
(the relations between the volume of the organleest and
absorption peak areas can be seen in Fig. 5). dale areas of
both analytes increased with the organic solvehtrae in the
whole range of 0.5-3.5 ul. When the volume exceetiedul,
the drop became too unstable to suspend at thdentedOn
the basis of these facts, drop volume of 2.0 ul sedscted for
the subsequent experiments.

Extraction Temperature
Because partition coefficients are temperatigpendent,
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Fig. 4. Influence of the headspace sampling tin®) (TBT,
W) DBT.
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0.00
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Microdrop volume (pl)

Fig. 5. Effect of organic drop volume on the extractio®)(
TBT, @) DBT.

there is usually an optimum temperature for HS-LPME
Temperature has a significant effect on both kasetand
thermodynamics of the extraction process. As teatpes
rises, more analytes are released from the agumsatisx to
the headspace, a process that results in highelytana
concentrations in the headspace, favoring the HBH Final
determination. However, at high temperature, sdhlven
headspace partition coefficients decrease because t
absorption step is an exothermic process. Thusativeg
results can be achieved by increasing the temperatis can
be seenin Fig. 6, better results were aeueat moderate
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Fig. 6. Extraction efficiencies obtained at various exicatc
temperatures$#) TBT, (H) DBT.

extraction temperatures. In subsequent measureméras
sample vial temperature was held at 22 °C.

pH

The optimum pH for in situ derivatization and hepace
extraction is principally dependent on the alkyatireaction.
According to various reports, ethylation of OTswilaBEf,
is more favorable at a pH range 4-6 although tlaeeesome
disagreements about the exact optimum [19]. A sedf
acetate buffer solution buffers (pH adjusted usiogtic acid)
in the donor phase was investigated by extractidgug I*
concentrations of each analyte at 1000 rpm stirspged at
room temperature. A plot of the relative peak avessus
extraction time (Fig. 7) showed that the best tsswere
obtained for an extraction pH of 5 which is in agreent with
values found by other researchers [2,19].

lonic Strength Influence

The effect of increasing the ionic strength of thater
sample was examined by adding NaCl. An amount @&INg@
to 0.3 g mf was added to the spiked water samples at
concentration level of about 1 g Tnfor the analytes studied.
The largest peaks were obtained when salt was aitded
amount that caused saturation at the extractiorpéeature
and so it was adopted in the subsequent experimget, 0.3

0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00

Absorbance

Fig. 7. Effect of sample pH:¢) TBT, (Hl) DBT.

g mi*). The addition of salt to the sample matrix desessthe
solubility of the analyte in the sample matrix,omling more
analyte to move to the sample headspace and emigatie
extraction efficiency.

Detection Limits, Precision, and Linearity

The limits of detection of LPME used to determine
organotins in water heavily relies on the amourderivatized
analytes adsorbed by extracting microdrop and émsigvity
of the GFAAS. The linearity, limits of detectiondaprecision
were calculated when the optimum conditions for the
headspace LPME-GFAAS procedure were established. Th
linearity of the headspace LPME method was examined
extracting the spiked organotins samples rangiognft.24 to
300 ng T Triplicate injections were performed. Table 2
presents the linear ranges and the square of tirelaibon
coefficients (f) obtained for both compounds. Based on,3 S
detection limit of 0.50 ng™ (DBT) and 0.17 ng I (TBT)
were obtained. The precision (RSD) for five repica
determinations of 120 ng'lof each compound was 1.2 and
4.3%, respectively. The enrichment factor, definedhe ratio
of Cy/C,, where G is the concentration of analytes in the
organic phase after extraction and, @& their original
concentration in the aqueous phase, was calculetied) the
average of the three trials obtained for 120 hgdncentration
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Table 2.Linear Range, Limits of Detection, Precision andr&ction Efficiency forin situ Ethylation/HS-LPME-

GFAAS Method

Analyte Linear equation  Square of the correlatior LOD Linearrange RSD Enrichment
coefficient (f) (ng ) (ng M) (%)  factor (%)

Dibutyltin  y =4.245x + 0.131 0.958 0.50 5.0-250.0 1.2 60

Tributyltin  y =12.409x + 0.09 0.991 0.17 1.7-170.0 1.3 105

Table 3Results (Based on Five Replicate Analyses) of Dateation of OTC in PVC Polymer Samples

Analyte Concentration added  Relative recoveries Precision(RSD,%)
(ug 1) (%)
TBT 9.1 103 15
92.0 101 1.2
165.0 103 1.2
DBT 13.6 101 0.8
145.0 102 1.4
245.0 102 1.3

level. As shown in Table 2, the target analyteslatdoe
preconcentrated up to 105-folds.

Quantification of OT's in PVC

The experimental parameters in HS-LPME technigaseew
studied in spiked samples of 5% w:v solution of BMC in
tetrahyrdofuran (THF). The experimental parameterse
also studied in de-ionized water, and relative vecp studies
were made. Since LPME is an equilibrium techniqué aot
an exhaustive one, the term “recoveries” can beiguwohbs.
Here, instead of absolute recovery, relative repo\88]
determined as the ratio of the concentration foumdpiked
solution of the polymer and deionised water sammpgked
with the same amount of analytes, was calculatdde T
guantitative results given in Table 3 show thatrtiethod was
accurate and reliable and could be applied to #herthination
of OTC's in real samples.

CONCLUSIONS

The research reported here has demonstratedasibifity
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of applying the HS-LPME/GFAAS system as a very

promising technique to determine the amount of
organometallic compounds in real samples at pg Ievels
without the need for any sophisticated device. ddion to
having extremely great sensitivity, the method is

environmentally friendly because only a small measof a
non-toxic solvent is used. Compared to other méttraction
methods, HS-LPME affords much better precision he t
values obtained recently for SPME-GC-FPD, DLLME-GC-
FPD and HS-SPME-GC-FPD [9,20]. It yields lower dtitmn
limits (0.17 ng T for TBT and 0.5 ng 1* for DBT) for the
tested analytes compared to 4-21 figobtained by LLE-GC-
FPD or SPME-GC-FPD (2-18 ng)Ifor the determination of
the same analytes in aqueous samples [8,20]. OGKMBG°-
AES-based procedures for the quantification of oogia
compounds in water samples afford a better limidetiection
(i.e., 100 pg M [8]. Adequate linearity and the absence of
matrix effects indicated that the proposed methodict be
used for screening organotins in virtually all cdexp
matrices.
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