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ABSTRACT

This paper established a new, rapid and sensitive method for the determination of lead in water samples
preconcentrated by dispersive liquid-liquid microextraction (DLLME) prior to atomic fluorescence spec-
trometry. Dithizone was used as the chelating agent. In the DLLME procedure, lead formed lead-dithizone
complex and migrated into the carbon tetrachloride micro-droplets. Important factors that would affect
the extraction efficiency had been investigated including the kind and volume of extraction solvent and
dispersive solvent, sample pH, the amount of chelating agent, extraction time and centrifugation time.
The results showed that the coexisting ions containing in water samples had no obvious negative effect
on the determination of lead. The experimental results indicated that the proposed method had a good
linear range of 0.01-100 ng mL~! (r? =0.9990). The precision was 2.12% (RSD, n=7) and the detection limit
was 0.95ng L. Proposed method was validated with four real environmental samples and the results
indicated that the proposed method was excellent for the future use and satisfied spiked recoveries were
in the range of 92.9-97.4%.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Trace levels of heavy metals are widely distributed in environ-
ment due to soil erosion, industrial and agricultural processes [1].
Nowadays the pollution by heavy metals from various environmen-
tal sources has absorbed much more attention [2]. Lead, cadmium,
nickel, and mercury are heavy metals of unquestionable toxicity
[3-5]. These metals are main sources of contamination for human
being found in water and foods. Lead is one of the most hazardous
elements to human health, because it can cause adverse effect on
metabolic processes of human beings [6], and lead has been proved
to be a carcinogenic agent. So many nations and international orga-
nizations have set an allowable level for lead. For example, the
World Health Organization (WHO) has made a maximum allowable
limit of 10 wg L1 for lead in drinking water [7].

The analytical methods of lead usually involves in using flame
atomic absorption spectrometry (FAAS), electrothermal atomic
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absorption spectrometry (ETAAS), graphite furnace atomic absorp-
tion spectrometry (GFAAS), inductively coupled plasma atomic
emission spectrometry (ICP-AES), and inductively coupled plasma
mass spectrometry (ICP-MS) [8-12]. These instruments have suf-
ficient sensitivity, however some of them are very expensive, and
not available for a common analytical laboratory. Atomic fluores-
cence spectrometry is a relatively new and sensitive method for
elemental analysis, and has been successfully used for the deter-
mination of cadmium, zinc, the speciation of mercury and arsenic
[13-17]. Atomic fluorescence spectrometry has also reported for
the determination of lead [18,19]. In this experiment, it is utilized
because of its merits such as simplicity, easy to operate, low cost
and high sensitivity. Moreover, it is often difficult to determine lead
directly at very low concentrations because of the matrix interfer-
ences occurring in real samples. Hence a preliminary separation
and preconcentration step are often needed.

Up to now, many sample preconcentration methods have
been developed for the enrichment of lead in water samples, for
example, knotted reactor [20], combination of flow injection and
cloud point extraction [21], solid phase extraction [22,23], cloud
point extraction [24], capillary microextraction [25], solid phase
microextraction [26], and liquid phase microextraction [27]. Gen-
erally, solid phase extraction is the most widely used one because
of its merits such as simplicity, rapidness, low cost, low consump-
tion of organic solvents, and high enrichment factor. Solid phase
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microextraction is also an important technique with many mer-
its, however a derivatization step is needed when it is used for the
determination of lead [24]. Recently, liquid phase microextraction
has become another popular enrichment method in analytical and
environmental fields. Some valuable liquid phase microextraction
methods have been developed and applied for the analysis of many
analytes. One of them is dispersive liquid-liquid microextraction
(DLLME), which has attracted increasing attention for its simplic-
ity, easy to operate, rapidness, and high extraction efficiency. In this
extraction procedure, two organic solvents having different char-
acteristics are involved in use, one is hydrophilicity which performs
as dispersive solvent such as methanol and acetone [28,29] and the
other is hydrophobicity which performs as extraction solvent such
as chlorobenzene and carbon tetrachloride [30,31]. The extraction
solvent would form innumerable infinite small droplets, when it
was rapidly injected into the sample solution. These droplets lim-
itlessly enlarge the contact area between extraction solvent and
analytes. Until now, this method has been successfully applied
for the determination of heavy metals, polychorinated biphenyls
(PCBs), polycyclic aromatic hydrocarbons (PAHs), polyphenol-like
compounds, polybrominated diphenyl ethers (PBDEs), pesticides
and herbicides [32-41]. There are some reports on the applica-
tion of DLLME for the determination of lead in water samples,
but GFAAS and ETAAS are often used as the detection techniques.
The extraction solvents were xylene and carbon tetrachloride,
and the chelating agents were 1-phenyl-3-methyl-4-benzoyl-5-
pyrazolone (PMBP) and ammonium pyrrolidine dithiocarbamate,
and usually methanol and acetone were used as the dispersive sol-
vents [12,42]. However, it has not found related reports on the
combination of atomic fluorescence spectrometry and DLLME.

The goal of present study is to develop a new method for the
sensitive determination of lead in water samples utilizing the mer-
its of atomic fluorescence spectrometry and DLLME. Dithizone, an
often-used chelating agent, is employed for forming complex with
lead. Factors that would influence the efficiency of DLLME extrac-
tion and the determination of atomic fluorescence spectrometry
were investigated.

2. Experimental
2.1. Reagents

Stock standard solution of lead with a concentration of
1000 mg L~ was obtained by dissolving appropriate amount of lead
nitrate obtained from Beijing Chemical Engineering technique Co.
Ltd. (Beijing, China) in double-distilled water. Working standard
solution was obtained by appropriate dilution of the stock standard
solution. The solution of dithizone was prepared by dissolving an
appropriate amount of dithizone purchased from Shanghai Reagent
Factory (Shanghai, China) in ethanol. The double-distilled water
was prepared in the lab using quartz-glass vaporization purchased
from Shanghai Ya-rong Biochemistry Instrument Factory (Shang-
hai, China) and all the other solvents were analytical reagent grade
unless otherwise stated. Concentrated ammonia and 1molL-!
hydrochloric acid were used for adjusting the sample pH. All glass-
ware used in the experiments were cleaned with pure water, then
soaked in 6 molL~1 nitric acid over 24h and then washed with
ultra-pure water.

2.2. Apparatus

An AF-610B Atomic Fluorescence Spectrophotometer equipped
with lead hollow cathode lamp was purchased from Beijing
Ruili Analytical Instruments Co. Ltd. (Beijing, China). A model
Anke TDL-40B centrifuge obtained from Shanghai Anting Scientific

Instruments Factory (Shanghai, China) was used for accelerating
the phase separation. The main instrument parameters were listed
as below. Negative high voltage of PMT, lamp current, atomizator
height, flow rate Argon gas, flow rate of shielding gas and injec-
tion volume are 280V, 80 mA, 11 mm, 700 mL min—!, 800 mL min~1,
2 mL, respectively.

2.3. Dispersive liquid-liquid microextraction

In the preconcentration procedure, 50 mL ultrapure water or
water sample was added into a 50 mL plastic centrifuge tube. 20 pL
10 wgmL~! of lead standard solution was spiked into the aqueous
solution to give a spiked concentration of lead at 4 ng mL~1. Sample
pH was adjusted to pH 8.0 with 27% concentrated ammonia. 3 mL
ethanol containing 250 pL tetrachloride carbon and reasonable
amount of dithizone was rapidly injected into the aqueous solution
with a 5mL syringe, a turbid phase immediately was formed. Then
the solution was centrifuged at 3000 rpm for 20 min. The upper
aqueous phase was removed with a syringe, and the residue car-
bon tetrachloride was vaporized to dryness and further dissolved in
2.5mL 1.5% HCI. The final solution was determined with the Atomic
Fluorescence Spectrophotometer.

2.4. Real water sample analysis

In this experiment, four environmental samples from the exit of
the effluent from three factories and a wastewater treatment fac-
tory in Xinxiang City, Henan Province (Xinxiang, China) were used
to validate the proposed method. Before use all the water samples
were filtered through 0.45 um micro-pore membranes and stored
in brown glass containers under low temperature.

3. Results and discussion

DLLME is a new mode of liquid phase microextraction, its
principle is as the same of conventional liquid-liquid extraction.
Compared with a conventional liquid phase microextraction such
as a single drop microextraction, DLLME infinitely enlarges the sur-
face area of the extraction solvent and the contact area between
extraction solvent and analytes, which significantly enhance recov-
eries of analytes. In this enrichment procedure, some important
parameters that would influence the enrichment performance and
they were investigated for obtaining the optimal extraction con-
ditions. The extraction recovery was calculated with the ratio
between the determined sample concentration and the spiked sam-
ple concentration.

3.1. Effect of the concentration of dithizone

Dithizone was a good chelating agent for lead extraction and
its chelating ratio was 2:1. Enough dithizone was needed to
assure that lead would be extracted completely. Therefore, the
concentration of dithizone was investigated over the range of
0.0025-0.1 mmol L-1. Fig. 1 exhibited that when the concentration
of dithizone was up to 0.009 mmolL-!, lead would be extracted
completely, and with the further increase of the concentration of
dithizone, the extraction efficiency had no significant increase. In
order to assure the complete extraction of the lead, 0.01 mmol L~!
of dithizone was used in the subsequent experiments.

3.2. Selection of extraction solvent and its volume

In conventional liquid phase extraction and liquid phase
microextraction, the kind of extraction solvent and its volume are
crucial parameters, which significantly influence the extraction
efficiency of the analytes. Generally, the selection of extraction
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Fig. 1. The effect of concentration of dithizone. Concentration of lead, 4ngmL-1;
volume of carbon tetrachloride, 250 pL; concentration of dithizone, 0.01 mmolL~';
volume of ethanol, 3 mL; sample pH, pH 8.0; extraction time, 5 min; centrifugation
time, 15 min; centrifugation rate, 3000 rpm.

solvent is based on the physical and chemical properties of the
solvents. In most cases, the ideal extraction solvent has two prop-
erties, one is hydrophobicity, the other is to have higher solubility
for the analytes in which than that in water. In this experiment,
four organic solvents such as dichloromethane, trichloromethane,
carbon tetrachloride, and chlorobenzene were checked. The
experimental results demonstrated that very little sedimented
phase was found after centrifugation when dichloromethane and
trichloromethane were used as the extraction solvents. The recov-
ery of lead was very low at about 8.4% when chlorobenzene was
used as the extraction solvent. The recovery of lead reached 79.4%
with carbon tetrachloride as the extraction solvent. So carbon tetra-
chloride was used as the extraction solvent in further experiments.
In DLLME, the volume of extraction solvent may change in arelative
wide scope. In this experiment, the volume of carbon tetrachloride
was optimized between 50 and 450 L and the results were exhib-
ited in Fig. 2. As can be seen, the recovery of lead increased along
with the increase of volume of carbon tetrachloride from 50 p.L to
250 pL, and then decreased when the volume of carbon tetrachlo-
ride further increased. The increase of recoveries were due to the
increase of volume of carbon tetrachloride which can dissolve more
lead complex. But when the volume is over 250 p.L, some of carbon
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Fig. 2. The effect of the volume of carbon tetrachloride. Concentration of lead,
4ngmL-'; concentration of dithizone, 0.01 mmol L-'; volume of ethanol, 3 mL; sam-
ple pH, pH 8.0; extraction time, 5 min; centrifugation time, 15 min; centrifugation
rate, 3000 rpm.
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Fig. 3. The effect of the volume of ethanol. Concentration of lead, 4 ng mL~'; volume
of carbon tetrachloride, 250 pL; concentration of dithizone, 0.01 mmolL~!; sample
pH, pH 8.0; extraction time, 5 min; centrifugation time, 15 min; centrifugation rate,
3000 rpm.

tetrachloride could not be dispersed into the aqueous solution as
infinitesimal drops, and existed as larger drops which decreased
the contact area between lead complex and organic drops, that is
to say, which reduced the transfer of lead complex into the car-
bon tetrachloride phase. On the basis of these facts, 250 wL carbon
tetrachloride was selected.

3.3. The selection of kind and volume of dispersive solvent

In DLLME procedure, the kind of dispersive solvent and its vol-
ume play important roles in the enrichment of analytes. In order
to achieve better dispersing, methanol, ethanol, acetone, and ace-
tonitrile were tested. The results exhibited that the use of methanol
and acetonitrile gave much lower enrichment efficiencies. When
ethanol and acetone were used as the dispersive solvents, much
higher enrichment efficiencies were achieved, and the difference
between them was very small. Because ethanol is nontoxic, hence
it was used in the followed experiments. The volume of dispersive
solvent was also an important factor for achieving good extrac-
tion performance. So the volume of ethanol was optimized over
the range of 1000-5000 p.L and the results were exhibited in Fig. 3.
When the volume of ethanol was small, carbon tetrachloride could
not be dispersed completely and cloudy solution could not form.
When the volume of ethanol was over 3000 L, the solubility of the
complex in water would increase with the increase of the volume
of ethanol. Meanwhile, parts of carbon tetrachloride was dissolved
in ethanol and migrated into aqueous phase. These parts of carbon
tetrachloride could not be sedimented down, which accounted for
the decrease of the enrichment performance. Therefore, 3000 pL
ethanol was used.

3.4. Effect of sample pH

The sample pH plays an important role in a DLLME extrac-
tion procedure. In general, lead ion should be converted into the
complex form to make the extraction procedure available. For this
propose, the effect of sample pH was investigated systematically
in the range of pH 6-10 with dithizone as the chelating reagent,
which ensured that lead ion could be extracted as a chelate com-
plex. The results exhibited in Fig. 4 and showed that the recovery of
lead increased significantly when the sample pH increased from pH
6 to 8, and decreased when pH was over pH 8. The highest recovery
was achieved at pH 8. Thus, the sample pH was set at pH 8 in the
following experiments.
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Table 1
Effect of coexisting ions.

Coexisting ions

Concentration ratio of existing ions to lead

Enrichment efficiency (%)

Na* 1000
K* 800
Caz 1000
Cl- 1000
Mg2* 600
S042" 600
AB* 100
Zn** 100
Fe3* 50
Ni2* 25
cd* 50
Cu?* 25

99.20
96.90
103.9
103.9
94.35
94.35
91.67
91.52
93.01
100.6
97.65
90.12

3.5. Effect of extraction time

In this experiment, extraction time was another parameter for
DLLME. The effect of extraction time was optimized over 1-20 min
and the results indicated that the recovery of lead increased when
the extraction time was changed from 1 to 5min and decreased
slightly when the extraction time was longer than 5 min because
of the adsorption onto the wall of the conical tube. According to
these, 5 min was chosen in the following study in order to reduce
the analytical time of this experiment.

3.6. Effect of centrifugation time

Centrifugation time was another parameter that influenced the
separation of carbon tetrachloride from water phase. And the cen-
trifugation time was optimized between 5 and 25 min. The results
exhibited that when the centrifugation time was up to 20 min,
lead was enriched completely. When the centrifugation time was
shorter or longer, the recoveries were both lower than 94.4%. The
short centrifugation time could not insure the preferable phase
separation, and longer centrifugation time would generate heat
which may enhance the dissolving of lead complex into the aque-
ous phase, which also resulted in the decrease of dissolved lead
complex, and all these would lead to the decrease of sedimented
amount of Pb complex. On the other hand, the generated heat would
make lead to the evaporation of some carbon tetrachloride which
enter into the gas phase over the liquid phase. This part of car-
bon tetrachloride also resulted in the lost of carbon tetrachloride
in aqueous solution, which also lead to the decrease of dissolved
lead complex. That is to say longer centrifugation time resulted
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Fig.4. Effect of sample pH. Concentration of lead, 4 ng mL~'; volume of carbon tetra-
chloride, 250 p.L; concentration of dithizone, 0.01 mmol L-1; extraction time, 5 min;
centrifugation time, 15 min; centrifugation rate, 3000 rpm.

in the decease of extraction efficiency. So 20 min was selected for
further use.

3.7. Effect of coexisting ions

Many metal ions existing in environmental waters would form
stable chelating complexes with dithizone within a wide pH
range and may be co-extracted along with the analytes. Moreover,
this competitive chelating effect coupled with co-extracted effect
would influence the chelating degree between lead and dithizone
and make the extraction efficiency of lead decrease. Therefore, a
series of experiments have been designed using a standard solu-
tion of 4ngmL-! lead under the above-optimized conditions. The
results were given in Table 1. The obtained results indicated that
the presence of large amounts of cation and anion including Na*,
K*, Mg2*, and SO42~ had no obvious influence on the recovery of
lead.

3.8. Analytical performance

The analytical performance of DLLME coupled with atomic
fluorescence spectrometry for the pre-concentration and deter-
mination of lead from environmental samples was systematically
investigated under optimized experimental conditions. The
results exhibited that there was an excellent linear range over
0.01-100ng mL~! (12 =0.9990). The precision of this method was
2.12% (RSD, n=7) at the spiked concentration of 4ng mL~'. And the
detection limit (calculated as the concentration corresponding to
three times the standard deviation of 17 runs of the blank samples)
of proposed method for lead was 0.95 ngL-!.

3.9. Analysis of real water samples

In order to demonstrate the applicability and reliability of the
proposed method for realworld samples, four environmental sam-
ples were collected. Three spiked and two blank experiments for
each real water sample were carried out according to the above-
mentioned procedure. Subsequently extractions of four samples
spiked with lead at 4ngmL~1 were processed as described above.
The concentration of lead was determination by atomic fluo-
rescence spectrometry and the results were given in Table 2.
The recoveries of lead were in the range of 92.9-97.4%. Certi-

Table 2
The results from real water samples.

Environmental samples  Blank (ngmL~')  Spiked (ngmL-')  Recovery (%)

Sample 1 0.51 4 974 £ 5.0
Waste water 0.13 4 96.1 + 8.6
Sample 2 030 4 929+ 1.7
Sample 3 0.16 4 95+ 1.9
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fied reference water sample (GSB 07-1183-2000) was also used
for validation of proposed method, and the standard value was
0.593 pg mL~!. The mean determined value with proposed method
was 0.577 wgmL~! and the recovery was 97.3%.

3.10. Comparison with present methods

Recently, a review on the trace level of metals with liquid
phase microextraction was presented [43]. From this review,
three DLLME methods for the determination of lead were men-
tioned, the extraction solvent was the CCly, the dispersive
solvents were acetone, ethanol, methanol, and the chelating agents
were diethyldithiophosphoric acid 1-phenyl-3-methyl-4-benzoyl-
5-pyrazolone, diethyldithiophosphoric acid. However the linear
range was very small, and they 0.05-1, 0.1-20, and 1-70 pgL-1,
and the LODs were 20, 39, and 500ngL-!. The enhancement fac-
tor the three methods were 150, 78, and 450. The linear range and
LOD of present method were 0.01-100 w gL~ and 0.95ngL~!, and
the volume enhancement factor is 20. Hence, the proposed method
would be a good alternative for the determination of trace lead in
environment.

4. Conclusions

A simple and sensitive method was developed for the pre-
concentration and determination of lead in water samples in
combination of DLLME and atomic fluorescence spectrometry. The
experimental results demonstrated that proposed method had
many merits such as excellent enrichment performance, simplic-
ity, sensitivity, easy to operate, cost-effective and low consumption
of organic solvents. The results indicated that proposed method
had high tolerance to coexisting ions and perfect analytical perfor-
mance and proved that proposed method was a good alternative
for the determination of lead in environmental samples.
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