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A simple single drop liquid-phase microextraction (SDME) technique, combined with electrothermal
atomic absorption spectroscopy (ETAAS) is developed both to preconcentrate and determine thallium
(I) ions in aqueous solutions. The ions were transferred from 10.0 ml of aqueous sample (donor phase)
containing 0.5 ml of 1% picric acid as the ion-pair agent into a 3 �l microdrop of nitrobenzene (acceptor
phase) containing dicyclohexano-18-crown-6 as the complexing agent. The latter will help to improve
the extraction efficiency of the analyte. After the ions have been extracted, the acceptor drop was directly
hallium
lectrothermal atomic absorption
pectroscopy
ingle drop microextraction
icyclohexano-18-crown-6
ater analysis

injected into a graphite furnace for thallium (I) determination. Several parameters such as the extracting
solvent, extraction time, temperature, concentration of picric acid and crown ether, drop volume and
stirring rate were examined. Under the optimized experimental conditions, the detection limit (L.O.D.)
was 0.7 ng ml−1. The relative standard deviation for five replicate analysis of 10 ng ml−1 of thallium (I)
was 5.1%. The calibration curve was linear in the range of 3–22 ng ml−1. The results for determination of
thallium in reference material, spiked tap water and seawater demonstrated the accuracy, recovery and

nted m
applicability of the prese

. Introduction

The determination of Tl (I) is of great interest because of its clin-
cal and environmental roles and also industrial applications [1–4].
l (I) is highly toxic to the biosphere even more than Hg, Cd, Pb
nd Cu [5,6]. Tl is known to have mutagenic, carcinogenic and ter-
togenic effects [7]. Fortunately, Tl concentration in environmental
amples is generally quite low. Its concentration in surface water
sually is in the range of 10–100 ng L−1 [8] whereas in non-polluted
oils lies typically between 0.3 and 0.55 mg kg−1 [9]. However the
etermination of low concentration of thallium (I) in environmental
amples will call for a highly sensitive technique.

A recent review, by Das et al. [10], on the determination of
hallium at ultra-trace level in aqueous solutions illustrates the
evelopments of preconcentration techniques and sensitive detec-
ion methods. The separation of thallium (I) has been intensively

tudied through the formation of ion-pair complex with basic triph-
nymethane dye [11], with cryptand 2,2,2, erythrosine [12] and
enzo-15-crown-5 [13], 18-crown-6 [14] and dibenzo-24-crown-
[15] or 12-crown-4 [16] with picrate. The complexation reaction

∗ Corresponding author. Tel.: +98 511 8795162; fax: +98 511 8796416.
E-mail address: chamsaz@ferdowsi.um.ac.ir (M. Chamsaz).

304-3894/$ – see front matter © 2009 Published by Elsevier B.V.
oi:10.1016/j.jhazmat.2009.01.019
ethod. The enrichment factor was 50.
© 2009 Published by Elsevier B.V.

between Tl (I) and crown ethers in organic solvents at 25 ◦C with
stoichiometry of 1:1 has been studied and the best crown ether was
found to be DCH-18-crown-6 [17].

Many microextraction techniques such as solid-phase microex-
traction (SPME) for aqueous samples have been used recently
[18,19]. Although these techniques do not need any solvent, they
suffer from memory effects [20]. Liquid-phase microextraction
(LPME) technique in which the acceptor phase in the form of a
drop of an organic solvent built up at the tip of a syringe and sur-
rounded by an aqueous solution of a sample (donor phase) has been
described by Jeannot and Cantwell [21,22]. This method (in con-
trast to LLE and SPE), avoids high solvent consumption and does
not involve the fiber problem (in contrast to SPME) [23,24]. This
method can be also quick and inexpensive.

In 2003, Chamsaz et al. [25] reported a preliminary study
on the combination of headspace sampling-single drop liquid-
phase microextraction (HS-SDME) with electrothermal atomic
absorption spectroscopy (ETAAS) for the analysis of inorganic com-
pounds. HS-SDME was demonstrated to be an efficient extraction

technique for analyzing arsenic in real samples like tap water
and washing-machine powder. Recently, Hu and co-workers [26]
reported that the implementation of SDME in trace-element anal-
ysis could give rise to another important field of applications.
Few analytical applications of the SDME method for the extrac-

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:chamsaz@ferdowsi.um.ac.ir
dx.doi.org/10.1016/j.jhazmat.2009.01.019
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ion and preconcentration of metal ions have been reported
27–29].

The present work describes a rather simple method for extrac-
ion, preconcentration and determination of thallium (I) based
n LPME complemented by graphite furnace atomic absorption
pectrometry. The results indicate that LPME possesses a good pre-
oncentration factor, sensitivity, and low detection limit; therefore
t could be considered as an efficient technique for analysis of thal-
ium (I) in real samples such as tap water. Procedural parameters
uch as the organic solvent, extraction time, stirring rate and the
oncentration of dicyclohexano-18-crown-6 affecting the extrac-
ion efficiency were investigated. The present work was led to a fast,
imple and relatively high sensitive technique for determination of
hallium (I) in aqueous samples.

. Experimental

.1. Apparatus

A 10 �l microsyringe (Hamilton) was used both to keep the
rop of the acceptor phase and inject it into the graphite furnace
tomizer. A sampler (ependorf, Germany) was applied to inject the
odifier solution into the graphite tube. An F20520162 VELP SCI-

NTIFICA magnetic stirrer (Italia) was employed to stir the sample
olution.

A shimadzu model AA-670 atomic absorption spectrometer with
FA-4B graphite furnace atomizer with a D2 lamp for the back-
round correction was used.

A thallium hollow cathode lamp, adjusted at 5 mA, was used
s the radiation source. Measurements were carried out in peak
igh mode at 276.8 nm, using a spectral bandwidth of 0.5 nm. The
tomic absorption signal at 276.8 nm was recorded on a graphic
rinted PR-4, and the height of the peak was used for determination
f thallium. The temperature program for the furnace is given in
able 1.

.2. Reagents

All reagents were of analytical reagent grade and triply distilled
ater was used throughout. A stock solution of 1000 mg L−1 thal-

ium (I) ion was prepared by dissolving the appropriate amounts
f thallium nitrate (Merck, Darmstadt Germany) in 1% HNO3.
orking standard solutions were prepared freshly at various con-

entrations by diluting the stock standard solution with distilled
ater. A 1% (m/v) picric acid (Wako Pure Chemicals) solution was
repared acting as the counter ion. The acceptor organic phase
as nitrobenzene (Analar) containing a fixed amount of 2% (m/v)
icyclohexano-18-crown-6 (Flucka) as the complexing agent. The
tock standard solution of Pd (1 g L−1) was prepared by dissolving
d(NO3)2 (Merck) in diluted nitric acid. The following reagents were
mployed for studying interference effects:
KNO3, NaNO3, Mg(NO3)2·6H2O, Ca(NO3)2·4H2O, AgNO3,
n(NO3)2·6H2O, Fe(NO3)3·9H2O, Pb(NO3)2, Cd(NO3)2·4H2O,
a(NO3)2, Cu(NO3)2·3H2O, Ni(NO3)2·6H2O, NH4NO3, Hg(NO3)2·
2O, NaCl, NaF and NaNO3 all from Merck.

able 1
FA heating program.

tage Furnace
temperature (◦C)

Mode Time (s) Ar flow rate
(L min−1)

rying 120 Ramp 10 1.5
shing 300 Step 15 1.5
tomization 1900 Step 3 0 (gas stop)
leaning up 2500 Step 2 1.5
Fig. 1. The effect of different modifiers for thallium signal.

2.3. Analysis procedure

Several modifiers were tested for efficient thermal stabilization
of thallium such as Pd (80 �g), ascorbic acid (200 �g), and Pd mix-
ture with ascorbic acid (80 �g Pd + 200 �g ascorbic acid). As can be
seen in Fig. 1. Pd deposited (Pdc) on the tube wall + Pd(aq) + ascorbic
acid(aq) was shown to be superior and chosen as an efficient modi-
fier. Graphite tubes were pretreated using 40 �l of 0.1% Pd solution
injected into the tubes and conditioned at a temperature of 1800 ◦C.
This procedure was repeated two times, resulting in a total mass
of 80 �g of Pd deposited (Pdc) on the tube wall. The sample and
modifier solutions containing 20 �l of Pd2+ (0.1%, w/v) and 20 �l of
ascorbic acid (1% w/v) were subsequently injected into the graphite
furnace. This modifier system shows low detection limits, high sen-
sitivity and long lifetime.

0.5 ml of 1% picric acid, as a counter ion, was added to 10 ml of
the sample solution containing thallium (I). The solution was stirred
by a magnetic stirrer with a 6-mm bar at an optimized speed of
500 rpm. The ion-pair, Tl+picrate−, formed were extracted by the
acceptor phase consisting 3 �l of nitrobenzene for 20 min at 25 ◦C.
The 3 �l acceptor phase was suspended at the tip of a Hamilton
syringe, clamped in such a way that its tip was located at a fixed
position inside the aqueous solution.

After the extraction, the microdrop was retracted and directly
injected into the graphite furnace for subsequent determination.
The parameters affecting the complexation and extraction effi-
ciency were optimized.

3. Results and discussion

3.1. Optimization of liquid-phase microextraction

It is essential to optimize all the parameters affecting the perfor-
mance of liquid-phase microextraction of Tl (I) from the aqueous
samples. These parameters consist of organic solvent type, pH, stir-
ring rate, concentrations of crown ether and picric acid, volume
of aqueous and organic phase, the sampling temperature and the
extraction time. All measurements were carried out with an aque-
ous solution containing 20 ng ml−1 of Tl (I). The effects of each
parameter on the extraction process were examined and the results
are as follows.

3.1.1. Solvent type

The selection of an appropriate extracting solvent is very impor-

tant for SDME. Four solvents, i.e., carbon tetrachloride, chloroform,
dichloromethane and nitrobenzene were tested for the extraction
of Tl (I) from 10 ml of 20 ng ml−1 solution at pH value of 3. The
extraction of thallium was performed using 3 �l of an appropriate
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Fig. 2. The influence of solvent type on Tl (I) extraction.

rganic solvent and stirring (500 rpm) the sample for 5 min. The
nal results are presented in Fig. 2.

The experimental results demonstrated that nitrobenzene pro-
ided higher extraction efficiency than other organic solvents. This
ay be attributed to the greater polarity of nitrobenzene relative

o other solvents, leading to a higher solubility towards the ionic
(DCH-18-crown-6 Tl)]+ complex and therefore higher extraction
fficiency.

.1.2. pH
The effect of sample pH on the extraction of thallium com-

lex was studied. Other experimental conditions were as follows:
0 ng ml−1 Tl; stirring rate of 500 rpm; 3 �l drop volume; 10 ml
ample volume; 0.2% DCH-18-crown-6. The results are shown in
ig. 3. The best pH for extraction of Tl (I) was found to be around
. The pH of the primary solution of Tl with picric acid was 3. The
bsorbance was increased at a pH value around 5 because the disso-
iation of picric acid to picrat increases the formation of ion pair and
ence its transfer into the single drop. At higher pH values there was
decrease in the absorbance probably due to the precipitation of

hallium hydroxide hindering the formation of ion pair. The buffer
ontaining acetic acid/acetate solution (0.1 M) adjusted at this pH
alue was used for further experiments.

.1.3. Stirring rate
Magnetic stirring was used to facilitate the mass-transfer pro-
ess and thus improving the extraction efficiency. The stirring rate
as optimized for the extraction process. The enrichment factor

ncreased with increasing the stirring rates up to 500 rpm. At higher
ates, however, the droplet would become unstable and hence
00 rpm was chosen for further experiments.

Fig. 3. The effect of pH on Tl (I) extraction.
Fig. 4. The effect of DCH-18-crown-6 concentration on Tl (I) extraction

3.1.4. Concentration of DCH-18-crown-6
Different amounts of DCH-18-crown-6 were added to the

organic solvent making a range of concentrations between 0 and
4% (w/v). Under the optimum conditions described above, the
effects of DCH-18-crown-6 concentration on the extraction effi-
ciency is shown in Fig. 4. The enrichment factor increases with
increasing DCH-18-crown-6 concentration and its maximum value
corresponds to 2% of DCH-18-crown-6 in the drop.

3.1.5. Concentration of picric acid
The effect of picric acid on the ion-pair formation of thallium

(I), in the donor phase, for improving the extracting performance of
the technique was investigated. The extraction was carried on for
10 min. Different concentrations (0–0.1%, w/v) of picric acid were
used. The results are shown in Fig. 5, indicating that, the efficiency
of thallium transport increases with increasing the concentration
of picric acid up to about 0.06% and then decreases with increas-
ing its concentration. This may be due to the competition of picric
acid itself with ion pair for transport through the organic phase of
the single drop. Therefore, 0.06% was employed as the optimum
concentration of picric acid.

3.1.6. Volume of aqueous and organic phase
The influence of the organic drop phase volume was studied in

the range of 1–3 �l. The results show that increasing the volume of

organic phase increases the extraction efficiency. Higher volumes
were avoided due to mechanical instability of the drop. Therefore
3 �l drop volume was used for further studies.

The varying volumes of the sample solution were tested and
10 ml of the sample solution was chosen for the analysis. Lower vol-

Fig. 5. The effect of picric acid concentration on Tl (I) extraction.
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Table 2
Effect of interferences on determination of 10 ng ml−1 thallium in the presence of
100-fold of foreign ions.

Interfering ion Relative absorbancea Relative absorbance after
interference elimination

K+ 1.51 –
Na+ 1.00 –
Mg2+ 1.24 1.00
Ca2+ 1.47 1.05
Ag+ 1.50 1.14
Zn2+ 1.51 1.10
Fe3+ 1.40 1.04
Pb2+ 1.57 1.03
Cd2+ 1.61 1.09
Ba2+ 1.37 1.07
Sb3+ 1.17 1.06
Cu2+ 1.10 –
Ni2+ 1.06 –
NH4

+ 1.10 –
Hg2+ 1.09 –
Cl− 1.63 1.03
F− 1.60 1.00
NO3

− 1.06 –
Fig. 6. The effect of temperature on Tl (I) extraction.

mes caused falling off the drop under agitation and higher volumes
howed no benefit to the extraction process.

.1.7. Temperature
The effect of sample temperature was studied in the range of

–35 ◦C while keeping the drop in the aqueous solution for 10 min.
The corresponding curve (Fig. 6) shows that the efficiency of

xtraction increases with increasing of the temperature up to 25 ◦C
nd then decreases significantly at higher temperatures due to the
hermal instability of the extracting solvent. Therefore, the opti-

um sampling temperature was selected to be 25 ◦C.

.1.8. Extraction time
The time dependence for the extraction process was also inves-

igated. All measurements were carried out with 10 ng ml−1 of Tl
I) under the optimized conditions. The results show an increase of
hallium absorbance up to 20 min and leveling off at higher extrac-
ion times. This may be due to the dissolution of nitrobenzene in
queous phase and gradual reduction of drop volume with time.
herefore the optimum extraction time was taken to be 20 min as
hown in Fig. 7.

.2. Interference effects and eliminate

Interfering species at 100-fold excess were added to Tl (I) solu-

ion and the extraction procedure was followed. The results of
nterference effects as the average relative percentage error are
hown in Table 2. The severe interferences were due to F−, Cl−,
a2+, Sb3+, Pb2+, Cd2+, K+, Ag+, Fe3+, Mg2+, Zn2+ and Ca2+.

Fig. 7. The effect of extraction time on Tl (I) preconcentration.
a The relative absorbance is defined as: relative absorbance = (absorbance of
10 ng ml−1 thallium + foreign ion 1000 ng ml−1)/absorbance of 10 ng ml−1 thallium.
All results are the average of triplicate measurements.

The results show that EDTA at a concentration of 0.005 M could
be used as a masking agent for removing the interference effects of
different metal ions studied without affecting the Tl (I) absorbance
because it does not form any complex with EDTA at pH 5. A col-
umn was prepared with 5 g Amberlite resin (IRA-400) for removal
of anions (F− and Cl−). The results show that by passing the solution
into the column, all of the anions were removed and Tl content of
the solution showed no interference effect. After removal of inter-
fering ions, the relative error decreased to the amounts shown in
Table 2.

3.3. Analytical figures of merit

A calibration curve was obtained using 10 ml of thallium solu-
tion treated at the optimized conditions. The calibration curve was
linear in the range of 3–22 ng ml−1 Tl (I). The calibration equation
was A = 0.0523C−0.06 with a correlation coefficient of 0.998, where
C was the concentration of Tl+ in ng ml−1. The detection limit, cal-
culated according to three times of the standard deviation of the
blank signal after the preconcentration step was 0.7 ng ml−1. The
relative standard deviation (R.S.D.) for five replicate analyses of
10 ng ml−1 thallium was 5.1%. The concentration factor defined as
the concentration ratio of thallium in the microdrop to that of the
initial solution was 50. For calculating the enrichment factor, a 50-
ng ml−1 solution of thallium was directly injected into the graphite
furnace and its absorbance was measured. The same solution was
then analysed by the present method, and after appropriate dilution
was injected into the graphite furnace and its absorbance was mea-
sured. By comparing the two absorbances, the enrichment factor
was calculated.

3.4. Analysis of real sample

In order to evaluate the accuracy and recovery of the proposed
method, a standard rock reference material, NCSDC 73301, obtained
from the geological survey of Japan was analysed for its thallium

content. The rock sample (0.5 g) was dissolved in a mixture of HF
(500 ml), HNO3 (45 ml) and H2SO4 (165 ml) in a Teflon beaker, and
heated until 2 ml of solution was remained. To this solution con-
centrated HNO3 (8 ml) was added and after heating treated with
distilled water was added to give a clear solution and was finally
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Table 3
Results (mean ± standard deviation based on five replicate analysis) of determina-
tion of thallium in water sample.

Sample Thallium added
(ng ml−1)

Thallium found
(ng ml−1)

Recovery (%)

Tap watera 0 3.5 ± 0.3 –
5 8.2 ± 0.3 94

10 13.1 ± 0.2 96
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eawaterb – 9.6 ± 0.5 –

a Mashhad city, Iran.
b Collected at Caspian Sea, Babolsar, Iran.

ade to 100 ml by further addition of distilled water. This solution
as analysed for its Tl content according to the proposed proce-
ure and was determined to be 1.75 ± 0.25 �g/g which is in good
greement with its certified value (1.93 ± 0.55 �g/g) with a recov-
ry of 91%. Spiked Tl solutions at 5 and 10 ng ml−1 concentrations
nto the tap water were also conducted in order to measure the
xtraction efficiency. Each experiment was repeated for five times
nd the recoveries given in Table 3 are the mean of five calcula-
ions. The recovery for the method was calculated to be in the range
f 91–96%. Thallium in tap water and seawater samples were also
etermined in order to show the applicability of the method. The
esults are given in Table 3.

. Conclusion

The results show a promising technique for determination of
race amounts of thallium (I) in water samples without the need for
ny sophisticated device. In addition to its relatively high sensitivity,
he procedure is simple, and benefits a low detection limit. By the
se of a preliminary separation step using Amberlite resin (IRA-
00) for removal of anions and EDTA (0.005 M) for masking the
etal ions, the method becomes relatively free from interferences.

ach of the experimental parameters i.e., organic solvent type, pH of
queous phase, sampling temperature, extraction time and volume
f the aqueous and organic phase has a great effect on the sensitivity
f the method and should be optimized.

The results show that Tl (I) could be determined with relatively
igh sensitivity and relatively a good reproducibility in aqueous
amples such as tap water and seawater, as well as in solid sample
uch as soils and rocks.
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