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Introduction
Despite the sensitivity and selectivity of

analytical techniques such as atomic absorp-
tion spectroscopy and inductively coupled
plasma emission spectroscopy there is a grate
necessity for the preconcentration of trace
elements prior their determination, basically
due to their low concentrations or the matrix
interference in aqueous samples (Ghorbani
etal 2008). To improve the sensitivity and
selectivity, preconcentration procedure such
as solvent extraction, co-precipitation (Doner
and Ege 2005), electro-deposition and solid
phase extraction are generally used before the
detection (Carasek etal 2002). Classical
methods of extraction ( Liquid- liquid extrac-
tion using a chelating agent)  are usually time
consuming and labor intensive and also this
technique has some other disadvantages
such as using large amounts of high- purity
solvents for extraction and the subsequent
disposal of the solvent. Dispersive liquid- liq-
uid micro extraction can be used as a suitable
method for preconcentration of elements in
aqueous media. The method is based on dis-
persion of extraction solvent in to aqueous
phase in the presence of dispersive solvent
(Bralizai etal 2009).

Lead is a nonessential heavy metal and
general toxicant. It is a multimedia pollutant
that causes pollution of soil, water and

atmosphere. Lead enters into the environ-
ment and human food chain due to its usage
in lead- based gasoline, paints, gunshot, bat-
teries and alloys. Adults absorb 5-15% of
interest lead and usually retain approximate-
ly 5% of what is absorbed. The entrance of
lead at levels > 0.5- 0.8 µg/ml into blood
causes various abnormalities. Lead accumu-
lates in the skeleton, especially in bone mar-
row. It is also neurotoxin and cause behavior
abnormalities, retarding intelligence and
mental development. Lead is classified as a
2B carcinogen by the IARC. Because of very
toxic effects, lead measurement for exposure
monitoring is very important. It is, there-
fore, very important to develop sensitive
methods for quantitative determination of
ultra trace amounts of lead (Memon etal
2005), (Anthemidis and Ionone 2006). The
aim of this study was determination of Pb by
Dispersive liquid- liquid micro extraction
(DLLME) using carbon tetrachloride as an
extraction solvent, acetone as a disperser sol-
vent and diethyldithiophosphoric acid as a
chelating agent. The determination of
extracted ions was done by electro thermal
atomic Absorption spectroscopy.
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Abstract 
This work was investigated the preconcentration of in a Pb by Dispersive liquid- liquid

micro extraction (DLLME) using carbon tetrachloride as an extraction solvent, acetone as a
disperser solvent and diethyldithiophosphoric acid as a chelating agent. The determination
of extracted ions was done by electro thermal atomic Absorption spectroscopy. The influ-
ence of various analytical parameters including pH, extraction and disperser solvent type
and volume and concentration of the chelating agent on the extraction efficiency of analyses
was investigated. Under the optimum situation of procedure the limit of detection for ana-
lyte was 0.04 µg l-1 and the method was applied to some natural water sample in Saveh city.
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Materials and Methods
All chemicals used were of analytical-

reagent grade. Deionised water was used
throughout. Lead standard (various concen-
trations) and model solution were prepared
by dilution of single element 1000 mg l-1

stock solutions (Merck). Samples used for the
developing of the analytical procedure were
collected from Saveh tap water and River
water in the city of Saveh - Iran. All samples
were collected in pre-cleaned high density
polyethylene bottles. Collected samples acid-
ified at pH lower than 2.0 by adding concen-
trated nitric acid in order to avoid metal
adsorption to the inner bottles walls. Then
samples were filtered through a 0.45 µm
polycarbonate membranes nucleopore filter.

To 5 ml of water sample spiked with 0.5
µgl-1 of Lead with pleased in a 10 ml screw
cap polypropylene test tube with a conical
bottom (maintained at 400°C in a furnace for
removal of any organic and volatile inorganic
compound) injected rapidly 0.5 ml of acetone
(disperser solvent) containing 35 µl of carbon
tetrachloride (extractive solvent) and 5
DDTP as a chelating agent by syringe. A
cloudy solution formed and the Lead ions
reacted with DDTP and extracted in to car-
bon tetrachloride. Then, the mixture cen-
trifuge for 2 min at 5000 rpm in order to sed-
imented dispersed fine droplets of carbon
tetrachloride. Finally 20 µl of the sediment
phase were removed using micropipette and
injected into an electothermal Atomic
Absorption Spectrometer (ETAAS).

An atomic absorption spectrometer
with GF 90 plus furnace FS 95 auto-sampler
is used. The sample is collected and dis-
pensed via inert PTFE capillary with rabidly
interchangeable tips. All facilities are pro-
grammed from the atomic absorption spec-
trometer software and sampling facilities.
The temperature program used for the
graphite furnace is described in table 1.

Results and Discussion 
The influence of various analytical

parameters including pH, extraction and dis-
perser solvent type and volume, concentra-
tion of the chelating agent and interfering
ions on the extraction efficiency of analyses
was investigated.

pH Effect: 
The pH value plays an important role

in the complexation of chelating agent with
metals which form chelae complexes.

Table 1. The temperature program for Lead
determination by ETAAS.

In order to evaluate the effect of pH,
the pH values of the sample solutions were
adjusted in the range of 0.5-7 using appropri-
ate buffer solutions before the proposed
method was applied. The reason of this
range is that the diethyldithiophosphoric
acid makes an acidic pH in sample. Each pH
value was tested more than three times. The
data corresponding to these experiments
shows the higher recovery values and higher
enrichment factor in lower pH value. So,
generally pH = 4 is suitable pH for Lead ions
complex in the presence of DDTP.

Effect of extraction solvent type and
volume:

For the selection of extraction solvent
it is important to consider some properties
such as higher density than water, low solu-
bility in water  and capacity of extraction of
interested ions. Carbon tetrachloride and
chloroform were employed and compared in
the lead extraction. Also a serious of experi-
ments with different volume (25-100 µl) of
Carbon tetrachloride and chloroform were
tested. Result has shown those efficient lead
extractions (high enrichment factor) are
reached using Carbon tetrachloride and
chloroform under all volume of extraction
solvents for both of them. But because of
well stable cloudy solution in using Carbon
tetrachloride, we use carbon tetrachloride.
Therefore, the lowest volume of it 25 µl was
chosen this study.

Effect of disperser solvent type and volume:
The important criterion in selection of

disperser solvent for DLLME is its miscibility
in the organic phase (extraction solvent). For
this parameter a series of solvents (Acetone,
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acetonitril and methanol) were studied using
specific volume 0.5 ml of each disperser sol-
vent containing same amount of extraction
solvent (35 µl)  and chelating agent (5 µl)
were studied. Result shows that acetone is
the best choices for these experiments. After
finding the disperser solvent type, it was nec-
essary to find the optimum volume of it.
Various experiment were performed with
different volume of acetone in the range of
(0.2 - 1.5 µl). It was required to change the
extraction solvent volume by changing the
acetone volume in order to obtain a constant
volume the sedimented phase reminded
constant (25 µl). The result shows there is no
considerable difference in using various vol-
umes of acetone as disperser solvent. How-
ever, increase of the acetone volume, cause
increase complex solubility in water. So, we
chose the disperser solvent volume of 0.5 µl
as the best volume.

Effect of ligand concentration:
The influence of the DDTP concentra-

tion on the recovery of the lead was investi-
gated in the range of 0.02-0.5% (v/v). The
quantitative values were obtained after
0.05% (v/v) of the DDTP concentration.

Effect of matrix ions: 
One of the challenging principles in

preconcentration method is the elimination
of interfering ions. The matrix related prob-
lems in river water analysis are alkali and
alkaline earth metals (in the chloride form).
The presence of these metal ions which can
be replace with Pb in DDTP complex was
tested in by using different concentration of
Na, K, Ca and Mg. The results are presented
in table 2. Fortunately, the recovery obtained
for Lead ions with DLLME method are quan-
titative in all concentration rang of ions
which tested. 

Analytical Figure of Merit
Liner dynamic range, Limit of detection

and repeatability were calculated. The aver-
age relative standard deviations of the deter-
minations were below 7%. The limit of detec-
tion (3S, n = 10) for analyses was 0.04 µg l-1

and liner dynamic range found in the range of
0.04 - 1.2 µg l-1. The method was applied to
the analysis of trace elements in some natu-
ral water.

Conclusion
The aim of this study was determina-

tion of Pb by Dispersive liquid- liquid micro
extraction (DLLME) using carbon tetrachlo-

ride as an extraction solvent, acetone as a
disperser solvent and diethyldithiophos-
phoric acid as a chelating agent. The deter-
mination of extracted ions was done by elec-
tro thermal atomic Absorption spectroscopy.

Table 2. ffect of matrix ions in the recovery
of Pb extraction by DLLME.
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