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Abstract

This paper describes a dispersive liquid—liquid microextraction (DLLME) procedure using room temperature
ionic liquids (RTILs) coupled with flame atomic absorption spectrometry detection with microsample intro-
duction system capable of quantifying trace amounts of lead. In the proposed approach, ammonium pyr-
rolidine dithiocarbamate (APDC) was used as a chelating agent and 1-hexyl-3-methylimmidazolium bis
(trifluormethylsulfonyl)imid as an extraction solvent was dissolved in acetone as the disperser solvent. The
binary solution was then rapidly injected by a syringe into the water sample containing Pb>" complex. Some
factors influencing the extraction efficiency of Pb” and its subsequent determination, including extraction
and dispersive solvent type, pH of sample solution, concentration of the chelating agent and salt effect were
inspected by a full factorial design to identify important parameters and their interactions. Next, a central
composite design was applied to obtain the optimum points of the important parameters. Under the optimum
conditions, the limit of detection (LOD) was 0.2 ug/L. The relative standard deviation (R.S.D) was 1.4% for
5 ng/L of Pb*>" (n = 7). The relative recovery of lead in seawater, blood, tomato and black tea samples was
measured.

Keywords: Tonic Liquid, Dispersive Liquid-Liquid Microextraction, Microsample Injection, Experimental

Design

1. Introduction

Lead is a toxic element and can affect almost every or-
gan or system in human body. The main target for lead
toxicity is a nervous system. It also increases blood
pressure and causes weakness in fingers, wrists and an-
kles. Moreover, exposure to high level of lead can se-
verely damage kidneys and brain. The International
Agency for Research on Cancer (IARC) has determined
that inorganic lead is probably carcinogenic to human [1].
For humans, the main sources of this metal intake are
food, air and drinking water [2]. The quantification of
lead in drinking water is very important considering the
toxicity of this metal [3,4]. Lead is recognized world-
wide as a poisonous metal. Due to these adverse effects,
monitoring of lead in environmental, biological and food
samples even at ultra trace level is very important.
However, these analyses are difficult because such sam-
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ples contain relatively low concentrations of lead, which
fall below the detection limit of conventional analytical
techniques, such as flame atomic absorption spectrome-
try and inductively coupled plasma optical emission spec-
trometry. Several preconcentration procedures to deter-
mine lead have been devised involving separation tech-
niques, such as liquid-liquid extraction [5], coprecipita-
tion [6], solid phase extraction [7], dispersive liquid-
liquid microextraction [8] and cloud point extraction [9].

Flame atomic absorption spectrometry (FAAS) has
been a very attractive technique for routine metal deter-
minations, owing to its ease of operation, low acquisition
and operating costs compared with inductively coupled
plasma optical emission spectrometry (ICP-OES) [10],
graphite furnace atomic absorption spectrometry (GFAAS)
[11] and its high sample throughput [12].

Determination of Pb>" by flame atomic absorption
spectrometry (FAAS) is practically free of interference
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and requires an air-acetylene flame. However, there is a
great necessity for the preconcentration of trace metals
prior to their determination, basically due to their low
concentrations in the aqueous sample. But there is often
a natural limitation of sample volume in the analysis of
very low volume samples. Typically, a volume of 1 - 4
mL of the sample solution is generally used for FAAS
determination of a single element. In case of small sam-
ple volumes, due to high dilution, the concentration of

measured elements may be lower than the detection limit.

Therefore, means of minimizing sample consumption
while retaining high sensitivity for the measurement is of
considerable importance. The flame microsampling
technique makes it possible to reach this goal. Since in
the microextraction techniques the extraction phase has
low volume, by using the microsampling it is possible to
determine an element at the low concentration. For this
reason, there is no decrease in the activity related to the
development of new analytical methods for the precon-
centration of metal ions [13].

Assadi and co-workers [14] developed a novel micro-
extraction technique, termed dispersive liquid—liquid
microextraction (DLLME). However, a problem still
exists, continued reliance on using toxic, hazardous, flam-
mable and environmentally damaging organic solvents.

Room temperature ionic liquids (RTILs) have recently
attracted special interest as environment-friendly sol-
vents to replace traditional volatile organic solvents in
various areas of chemistry. They are salts liquid over a
wide temperature range including room temperature and
prepared by the combination of organic cations with
various anions. RTILs have some unique physicochemi-
cal properties, such as negligible vapor pressure, non-
flammability, as well as good extractability for various
organic compounds and metal ions, which make them
very useful for LLE and LPME [15]. Several reports
have appeared in which RTILs have been successfully
utilized for extraction of metal ions [16-19].

In this method very small amounts of a hydrophobic
IL, namely 1-hexyl-3-methylimmidazolium bis (trifluor-
methylsulfonyl)imid [Hmim] [TF,N], were used as an
extraction solvent, which is dissolved in acetone as a
disperser solvent and then dispersed into the sample so-
lution. Then cloudy solution was formed and the mixture
was centrifuged for 5 min at 5000 rpm. As a result, the
fine droplets of IL settled at the bottom of the centrifuge
tube.

2. Experimental
2.1. Reagents

Analytical reagent-grade chemicals were used without
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further purification. Stock solutions containing 1000
mg/L of Pb*" was prepared by dissolving appropriate
amounts of its nitrate salts (purchased from Merck,
Darmstadt, Germany) and diluting to 1000 mL. Working
standard solutions were obtained by appropriate stepwise
dilution of the stock standard solutions. An ammonium
pyrrolidine dithiocarbamate (APDC) solution (0.1 mol/L)
was prepared by dissolving the compound (Sigma-Al-
drich Chemie, Germany) in methanol of high purity.
Ethanol (for spectroscopy), acetone (suprasolv), HCI
(37%, suprapure), NaNO; (0.2 mol/L, suprapure), NH;
(25%, suprapure) and CH3;COONa (suprapure) which
were obtained from Merck.

2.2. Microsample Introduction System

The A volume of 1 - 4 mL of the sample solution is gen-
erally used for FAAS determination of a single element.
In case of small sample volumes, as a result of high dilu-
tion, the concentration of measured elements may be
lower than the detection limit. To overcome this diffi-
culty, it is possible to determine an element by FAAS in
a microliter sample volume (less than 100 pL).

The small length of the PTFE capillary tube was used
for the microsample introduction, which was coupled to
the nebulizer needle by a one 1/4 in.-28 UNF Hub (Cat.
No. 88986, Hamilton), fifty microliter of the sedimented
phase was manually introduced by micropipette (50uL)
into the female Luer fitting (1/4 in.-28 UNF, Cat. No.
35031, Hamilton), connected to a Hamilton plug valve.
When the female Luer fitting of the plug valve was filled
with the sample, the valve was switched back into the
flow path and the sample was swept onto the flame for
the lead monitoring. The absorbance signals including
peak height were measured with a 3 s integration time.
The microsample introduction system offered the oppor-
tunity to introduce a volume of above 50 pL to the flame,
providing spike-like, reproducible and interesting signal
profiles.

2.3. Dispersive Liquid-Liquid Microextraction
Procedure

Aliquots of 10.0 mL sample solution containing 30 pg/L
Pb*" and APDC (pH 2.0) was placed in a 12 mL screw
cap glass test tube with conic bottom. The amount of 500
pL of binary solution containing 60 mg of [Hmim] [Tf,N]
(extraction solvent) and acetone (disperser solvent) was
injected rapidly into the sample solution using a syringe
and a stable cloudy solution (water, acetone and IL) was
obtained. The Pb-APDC complex was extracted into the
fine droplets of IL. The mixture was then centrifuged for
4 min at 5000 rpm. After this process fine droplets of
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[Hmim] [Tf,N] were joined together and sedimented at
the bottom of the conical test tube. After removal of the
whole aqueous solution, the extraction phase was diluted
with 50 pL of ethanol. Fifty microliters of the sediment
phase were removed by use of a 50 pL microsyringe
(minimum scale of 1 pL) and injected into the FAAS for
analysis. Calibration was performed against aqueous
standards submitted to the same DLLME procedure. A
blank submitted to the same procedure described above
was measured parallel to the sample and calibration solu-
tions. The enrichment factor was calculated as the ratio
of the analytical signal of Pb”>" obtained after and before
extraction.

2.4. Preparation of Samples

2 mL (blood sample) put in a beaker and 10 mL of dis-
tilled deionized water, 24 mL HNO; and 6 mL of H,O,
(30%) added to solution. While stirring heat on a plate
until decrease its volume to half, it was filtrate and com-
pleted in 100 mL volumetric flask with distilled water.
The preconcentration procedure given above was applied
to these solutions.

The dry tea and tomato samples were digested as fol-
low, after 10 g of tomato and 10 g of dry tea (dried at
110°C) was placed in a 50 mL beaker, 7 mL of concen-
trated nitric acid was added and the beaker was covered
with glass watch and the content was heated on a hot
plate (150°C for 15 min). The sample was then cooled, 3
mL of hydrogen peroxide was added and the mixture was
heated again at 200°C, until the solution became clear
(about 1 h). The glass watch was removed and the acid
evaporated to dryness at 150°C. The white residue was
completely dissolved in 5 mL of 1 mol/L nitric acid and

the solution was transferred to a 100 mL volumetric flask.

The solution was then neutralized with proper NaOH
solution. The resulting solution was diluted to the mark
and the recommended procedure was followed.

Sea water sample was collected from Caspian Sea,
Iran. The water sample was filtered through a 0.45 um
pore size membrane filter and stored in dark.

3. Results and Discussion
3.1. Selection of lonic Liquid

ILs are composed of asymmetrically substituted nitrogen
containing cations (e.g. imidazole, pyrrolidine, pyri-
dine...) with inorganic anions (e.g. Cl, BE,, BF,
(CF;3S0,); N..)) [20]. Due to the reason that the range of
available anion and cation combinations could provide
up to 10 different room temperature ILs, it may be diffi-
cult to select desired IL. However, following considera-

Copyright © 2011 SciRes.

ET AL.

tion can ease the IL selection:

1) IL must be water immiscible. ILs containing CI,
BE, , and CESO; are water-miscible and ILs contain-
ing PF; , (CF3S0,),N are water-immiscible.

2) IL must be liquid in experimental conditions for
LLE.

PE, type ILs are often hydrolyzed with acids to pro-
duce harmful hydrogen fluoride [21].

On the contrary, another type of ILs, those containing
bis(trifluoromethanesulfonyl)imide anion (Tf,N"), are
very stable and seldom hydrolyzed. Generally, selected
IL has to be more immiscible in the sample solution to
reduce extraction solvent consumption, moreover, IL
must produce sedimented phase at appropriate amounts.
Since the sample volume was 10 mL, if [Hmim] [Tf,N]
was chosen as IL, about 34 mg of it will be dissolved in
the sample, while water solubility of [Hmim] [PF] is 75
mg/10 mL. Therefore, in this work we selected [Hmim]
[Tf,N] IL as the extraction solvent.

From these facts, it is obvious that the TN type ILs
are manageable as extraction solvents compared with the
PE, type ones analytical reagen.

3.2. Effect of Type and Volume of the Disperser
Solvent

Disperser solvent is soluble in the extraction solvent and
should be miscible in water, thus enabling the extraction
solvent to be dispersed as fine particles in aqueous phase
to form a cloudy solution (water/disperser solvent/ex-
traction solvent). In such a case, the surface area between
extraction solvent and aqueous phase (sample) can be
infinitely large, thus to increase the extraction efficiency.
The commonly used disperser solvents include methanol,
ethanol, acetonitrile, acetone and tetrahydrofuran. The
main criterion for the selection of disperser solvent is its
miscibility in the extraction solvent and aqueous solution.
In addition, the type of disperser directly influences the
viscosity of the binary solvent. Thus, this solvent can
control droplet production and extraction efficiency. To
study this effect, two different solvents such as acetone
and ethanol were tested. A series of sample solutions
were studied using 500 pL of each disperser solvent with
60 mg of the IL (extraction solvent). The obtained en-
richment factors for these two dispersers show no statis-
tically significant differences between them; however,
acetone was selected because it is more accessible than
ethanol.

3.3. Experimental Design
After determining the range of the dispersive variable

through screening, experiments were designed to find the
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interaction of four variables, i.e. amount of binary solu-
tion containing 60 mg of [Hmim] [Tf,N] (extraction sol-
vent) and acetone (disperser solvent), NaNO; 0.2 mol/L
as a salting out reagent, pH and APDC concentration.
Table 1 represents the coded and non-coded values of
the experimental variables. Design of experiment along
with the enrichment factor is given in Table 2. The ex-
periments were carried out in duplicate that was neces-
sary to estimate the variability of measurements. The
yields are reported as mean of the duplicates. The rela-
tionship of the independent variables and the response
was calculated by the second order polynomial equation.
To find the most important effects and interactions,
analysis of variance (ANOVA) was calculated using
software package, Design-Expert 7.1.6 [22].

The Model F-value of 20.47 implies that the model is
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C and D were to be used in the next step of the design.

Factorial designs are used primarily for screening sig-
nificant factors, but can also be sequentially used to
model and refine a process; the central composite design
was widely used for fitting a second order model. By
using this method, modeling is possible and it requires
only a minimum number of experiments. It is not neces-
sary in the modeling procedure to know the detailed re-
action mechanism, since the mathematical model is em-
pirical [24].

The experiments were randomized and divided into
two blocks, for the same reasons as mentioned for the

Table 1. Independent variables, their levels and symbols for
factorial design.

Variable levels

significant, there is only a 0.52% chance that such a large Variable Effect Symbol
“Model F-Value” could occur due to noise. Values of Low high
“Prob > F” less than 0.0500 indicate the model terms are . : .

o . o binary solution containing 60 A 02 05
significant. In this case all factors are significant model mg ionic liquid (mL) - :
terms. Values greater than 0.1000 indicate the model
terms are not significant [23]. pH B 0 3

If there are many insignificant model terms (not count- Ligand (mol/L) C 1x10°  4x10°
ing those required t rt hierarchy), model r tion
g those requ ed to support hierarchy), model reductio NaNO; 0.2 mol/L (mL) b 05 5
may improve the model. Hence, the four factors of A, B,
Table 2. Analysis of variance (ANOVA) for full factorial design.
Response
Run no Block A B C D
Recovery (%) Enrichment factor ~ Sedimented phase volume (uL)
1 1 0.5 0 4x1073 0.5 41.21 58.8 78
2 1 0.2 5 10° 2 22.82 38.1 60
3 1 0.2 5 4x10° 0.5 28.48 41.2 69
4 1 0.5 0 107 2 14.32 19.2 74
5 1 0.5 5 4x10° 2 57.14 76.18 75
6 1 0.5 5 107 0.5 69.14 91.3 77
7 1 0.2 0 107 0.5 37.36 54.9 68
8 1 0.2 0 4x1073 2 45.17 75.3 60
9 2 0.5 0 107 0.5 4.73 6.5 77
10 2 0.2 5 4x10° 2 8.18 13.6 60
11 2 0.5 5 107 2 3225 435 74
12 2 0.2 0 4x10° 0.5 24.42 35.2 69
13 2 0.2 0 10° 2 6.53 10.6 60
14 2 0.5 0 4x10° 2 32.27 43.6 74
15 2 0.2 5 107 0.5 31.82 46.7 68
16 2 0.5 5 4x107 0.5 56.64 73.5 77
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factorial design. The factor levels and the design matrix
with the responses (Recovery (%)) are shown in Tables
3 and 4, respectively. The software package Design-Ex-
pert 7.1.6 was used to analyze the experimental data and
to plot the graphs. The ANOVA data to evaluate the sig-
nificance of the model equation and model terms are
shown; the model F-value of 6.85 implies that the model
is significant. This model, shown in Equation (1), con-
sisted of four main effects four two-factor interaction

Table 3. Factors and their levels for the central composite design.

effects and four curvature effects. In this case A, B, C,
AB, AC, A®, B?, C? are significant model terms.

R=+56.50-7.284+8.088+0.20D-5.46 4B
+3.004C +0.144D-0.2BC+0.55BD

+0.66CD —8.994> —2.75B* —3.56C* +0.32D”

(M

The quality of fit of the polynomial model equation
was expressed by the coefficient of determination (R?,
adjusted-R? and “adequate precision”). R? is a measure

levels

Variable Symbol —a -1 0 +1 +a

binary solution containing 60 mg ionic liquid (mL) A 0.3 0.4 0.5 0.6 0.7

pH B 0.5 2 35 5 6.5

Ligand (mol/L) C 5x10%  1.5x10° 25x10° 35x10° 45x10°
NaNO; 0.2 mol/L (mL) D 0.5 1 15 2 25
Table 4. Design matrix and responses for the central composite design.
RunNO Block A B C D Recovery (%)

1 1 0.6 2 3.5%x10° 2 58.05
2 1 0.6 2 3.5x10° 1 56.78
3 1 0.4 5 3.5x10° 1 34.49
4 1 0.4 2 3.5x10° 2 74.76
5 1 0.5 35 25x10° 15 68.70
6 1 0.6 5 1.5%10° 2 34.57
7 1 0.4 5 1.5%10° 2 45.66
8 1 0.4 5 3.5x%10° 2 40.34
9 1 0.6 2 1.5%10° 1 37.14
10 1 0.6 5 1.5%10° 1 33.43
11 1 0.6 5 3.5%x10° 2 37.02
12 1 0.4 2 1.5x10° 2 52.01
13 1 0.5 3.5 25x10° 15 66.38
14 1 0.4 2 3.5%x10° 1 78.54
15 1 0.6 1.5%10° 2 40.03
16 2 0.6 5 3.5x%10° 1 35.47
17 2 0.5 3.5 25%x107 1.5 60.98
18 2 0.5 35 25x10° 15 62.52
19 2 0.4 5 1.5% 107 1 46.62
20 2 0.4 2 1.5x10° 1 53.88
21 2 0.5 3.5 5x10* 15 40.96
22 2 0.5 6.5 25%x10° 1.5 13.81
23 2 0.5 0.5 25%x10° 1.5 36.89
24 2 0.3 3.5 25%x107 1.5 62.54
25 2 0.5 3.5 45x107 1.5 68.67
26 2 0.5 35 25x10° 15 69.47
27 2 0.5 3.5 25x10° 0.5 68.45
28 2 0.5 35 25x10° 1.5 68.72
29 2 0.7 35 25%x10° 15 39.45
30 2 0.5 35 25%x10° 2 69.18
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of the amount of variation around the mean, explained by
the model and equal to 0.9670. The adjusted-R” is ap-
plied for the number of terms in the model. If those addi-
tional terms do not add value to the model, it is equal to
0.9341. It decreases, as the number of terms in the model
increases. Adequate precision is a signal-to-noise ratio. It
compares the range of the predicted values at the design
points to the average prediction error. Ratios greater than
4 indicate adequate model discrimination. In this case, it
is equal to 21.92.

The response model is mapped against two experi-
mental factors, while the third is held constant at its cen-
tral level. Figure 1(a) shows the three dimensional re-
sponse surfaces, which were constructed to show the two
most important variables (pH and ionic liquid) on the
absorbance of Pb*" at constant ligand (250 pL) and initial
volume of salt including NaNO; 0.2 mol/L (2 mL) to
investigate the salting out effect. It can be seen from the
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Figure 1(a), that the efficiency increased by decreasing
the volume of the extractor. This is related to the de-
crease of the volume of sedimented phase and is ex-
plained in Equation (1).

pH plays a unique role in metal—chelate formation and
subsequent extraction. The Figure 1(a) shows, that the
extraction efficiency was nearly constant in the pH range
of 1.5 - 2.5. Absorbance of complex versus pH is high,
up to pH 2.5 and decrease from pH 2.5 - 5.

Figure 1(b) shows, that there is no interaction be-
tween the volume of salt and pH. Analysis of variance in
Equation (1) also confirms that salt causes no significant
effect. At higher salt content, the density of the solution
became higher than that of IL; therefore the extractant
phase did not settle.

In Figure 1(c) there is a combined effect of APDC
volume and the amount of [Hmim] [TF,N]. As it can be
seen, the signal increases up to a known concentration of

80
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1.80
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Salt 1.40
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100 55 260 320 380
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Figure 1. Response surface of recovery modeling: (a) show the most important two variables (pH and ionic liquid) on the
extraction efficiency of Pb (l1) at constant ligand (2.5 x 10~ mol/L) and initial volume of NaNO; 0.2 mol/L (2 mL); (b)
interaction between the volume of salt and pH; (c) showed two variables (ligand and ionic liquid) on the extraction efficiency
of Pb (Il) at constant pH (2.5) and initial volume of salt (2 mL); (d) interaction between the volume of salt and amount of

[Hmim] [TF,N].
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APDC, reaching a plateau, which is considered as com-
plete extraction.

By increasing the amount of [Hmim] [TF,N], the ab-
sorbance is constant at first and then decreases (Figure
1(d)), which is due to increase of the volume of the set-
tled phase. The sharp decrease in the absorbance at very
high values of [Hmim] [TF,N] was due to increase of the
viscosity of the solution aspirated to flame.

3.4. Optimization of Dispersive Liquid-Liquid
Microextraction

One of the main aims of this study was to find the opti-
mum process parameters to maximize the absorbance of
Pb>" from the developed mathematical model equations.
The quadratic model equation was optimized using
quadratic programming (QP) to maximize of absorbance
of Pb** within the studied experimental range. The opti-
mum absorbance conditions were determined and opti-
mum level of factors is 37 pL for the extractor (ionic
liquid), 0.42 mL for the disperser (aceton) and ligand
volume is 330 pL, pH = 2.

3.5. Effect of Coexisting lons

For detection of interferences, the influence of several
ions was tested, including those that most frequently ac-
company Pb”" in real samples. The effect of interfering
ions at different concentrations on the absorbance of a
solution containing 5.0 pg/L of Pb>" was studied. An ion
was considered to interfere when its presence produced a
variation in the absorbance of the sample higher than
5%.

Alkali and alkaline earth metals and common anions

B. MAJIDI ET AL.

were found not to affect Pb”" signal when they are pre-
sent in 5000 mg/L solution. Some anion such as NOj,
CH,COO", SCN', Cr,03, SO, are present in 5000
png/L solution. Several metal ions that might react were
also examined at the concentration of 1000 mg/L includ-
ing: AI(IIT), Ag(I), Se(Il) , Hg(Il), Co(1I), Cu(Il), Ni(II),
Zn(II), Mn(Il), Fe(IlI), Cd(II), Cr(Ill) and Pd(II). The
results showed that the Pb*" recoveries are almost quan-
titative in the presence of interfering cations.

3.6. Analytical Figures of Merit

Under optimum conditions, linearity was obtained be-
tween 0.5 and 50.0 pg/L with r* = 0.9963. The limit of
detection, defined as LOD = 3 SB/m (where LOD, SB
and m are the limit of detection, the standard deviation of
the blank for tree replicate and the slope of the calibra-
tion graph, respectively), was 0.2 pg/L. The relative
standard deviations (R.S.D.) for seven replicate meas-
urements of 5 pg/L Pb*" was 1.4. Enhancement factor
was calculated as the ratio of slope of preconcentrated
samples to that obtained without preconcentration.

As shown in Table 5, the characteristic data of the
present method are compared with those reported in the
literature. Generally, the proposed DLLME method in
this work for the preconcentration of lead ions, shows a
high enrichment factor in most cases compared with the
previously reported methods. Although, the LOD of the
proposed method is poor in comparison with methods
mentioned in Table 5, its low cost, rapidity and simplic-
ity, as well as its high selectivity for lead ions and makes
it a suitable quantitative determination method.

The results of analysis of samples in Table 6 show
that the proposed method can be reliably used for the

Table 5. Comparison of the published methods with the proposed method in this work.

Preconcentration technique LOD® (ug/L) R.S.D.” (%) Enrfl:clgr;ent Samp(l;]\:())lume Sam{)il;é)?:;)ianr)a tion Reference
FI-CPE-FAAS 4.6 32 19.6 15 6.6 [9]
Co-precipitation-FAAS 16 3.0 125 50.0 >20 [25]
Off-line-SPE-FAAS 6.1 4.7 30 300 4 [26]
On-line-SPE-FAAS 0.8 2.6 330 39 4 [27]
CPE-FAAS 1.1 35 50 50.0 30 [28]
SDME-GTAAS 0.2 52 2 10 [29]
IL-SDME-GTAAS 0.015 5.2 76 1.75 >7 [30]
DLLME-GFAAS 0.039 32 78 5 5 [31]
Spectrophotometric 1.2 1.1 - 10 10 [32]
IL-DLLME-FAAS 0.2 1.4 120 10 <6 This work
*Limit of detection. "Relative standard deviation.
Copyright © 2011 SciRes. AJAC



B. MAJIDI ET AL. 899

Table 6. Determination of Pb(Il) in blood, sea water, tomato and Indian black tea.

Founded Pb(I) (ug/L) ¢
Sample Added (ng/L) Mean = S.D? Recovery (%) ICP-OES (ug/L)
Sea water® - 11.21 +£0.08 No detect
w 10 21.20+1.2 99.99 204+1.1
Blood - 0.4+0.04 No detect
10 10.6 £ 0.08 101 9.4+12
Tap water® - No detect ) No detect
p wate 10 19.7 £ 0.09 10.1+£03
4 - 10.83 £0.07 9.1£0.3
Tomato 10 20.67 % 0.09 92 20.82 0.2
. q - 5.72+£0.03 No detect
Indian black tea (seylon) 10 1551 +0.06 99.95 157 £ 0.6
Concentration (pg/kg)
Reference material
Certified Found
SRM1640 27.89+0.14 26.52+0.73

*Standard deviation (n = 3); "Caspian sea water, Iran; “From drinking water system of Tehran, Iran; “unit of Pb(II) concentration is pg/kg.

determination of Pb”" in different matrices. The charac-
teristic data of the present method are also compared
with those reported in the literature. In order to validate
the method for accuracy and precision, a certified refer-
ence material (SRM 1640, for natural water) was ana-
lyzed. The certified values and the analytical results are
presented in Table 6. The found results were in good
agreement with the certified values of CRM.

4. Conclusions

Experiments showed that ionic liquid as an extraction
solvent and pH are the most important parameters. To
determine the optimum operating conditions that yield
maximum efficiency, response surface methodologies
(RSM) were used (considering the effect of each factor
individually). But using central composite design, quad-
ratic and interaction terms revealed. Therefore, we were
able to see detailed effect of factors on each other and
also on the efficiency. This helped us to choose the best
experimental conditions for the effective factors more
precisely with minimal experimental trials.

DLLME based on ionic liquid combined with the
flame atomic absorption spectrometry (FAAS) was
evaluated for the separation, the preconcentration and the
determination of the ultra trace amounts of Pb>" (at sub
pg/L level) in water samples. DLLME based on ionic
liquid has been proved to be a fast, simple, inexpensive
and reproducible technique for determination of trace
metals with the use of low sample volumes. The
high-preconcentration factor and the low sample volume
requirements are the major advantages of the technique.
An enrichment factor of about 150 times was attained
with only a 10 mL of the sample.

Copyright © 2011 SciRes.

The determination was carried out by flame atomic
absorption spectrometer using a home-made microsam-
ple introduction system. Injection of small volume of the
extractant phase leads to high values of the enrichment
factor. The microsampling technique gave a linear cali-
bration plot and a good precision. In this method, the
sample preparation is time as well as the consumption of
the organic solvents is minimized without affecting the
sensitivity of the method.
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