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Abstract

A novel ion pair-dispersive liquid-liquid microextraction (IP-DLLME) of gold followed by its determination with mi-
crosample injection system — flame atomic absorption spectrometry (MIS-FAAS) was developed. The extraction met-
hod was based on the reaction of anionic tetrachloro gold(III) complex with the cationic form of Rhodamine B to give a
violet ion pair complex, which is extracted from 1.0 mol L™ HCI solution of 8.0 mL to fine droplets of chloroform of
500 pL. A Plackett-Burman experimental design of MINITAB statistical program was employed to optimize the inf-
luence of main parameters to be controlled in DLLME. After optimizing the extraction conditions, gold was quantitati-
vely recovered by preconcentration factor 40, limit of detection (LOD) 1.8 ug L™! and relative standard deviation less
than 6.8%. The proposed method was successfully applied to the preconcentration and determination of gold in some
samples such as tap water, waste water, copper electrolysis solution and copper wire coated with nickel.

Keywords: Gold, dispersive liquid-liquid microextraction, Rhodamine B, experimental design, MIS-AAS, water and

copper samples.

1. Introduction

Gold, one of the most important noble metals, is ex-
tensively used in various areas, mostly in jewellery, elec-
troplating, petrochemistry, microelectronics and nuclear
power industries, and is mostly utilized in biology, medi-
cine and chemistry nowadays.' Due to extensive use of
gold and gold compounds, gold is also released to the en-
vironment through industrial wastes. The concentration
of gold in environmental samples is extremely in low le-
vel, as 0.05 ng mL™', 0.2 ng mL™" and 1 ng g™ have been
reported for seawater, river water and soil samples, res-
pectively.” Thus an accurate, sensitive and selective
analytical method is required for gold determination. A
wide variety of analytical techniques such as flame ato-

mic absorption spectrometry (FAAS),** electrothermal
atomic absorption spectrometry (ETAAS),>® inductively
coupled plasma atomic emission spectrometry (ICP-
AES)"® and spectrophotometry *!° to determine gold ha-
ve been explained. The direct determination of gold by
most of the analytical techniques suggested is to extend
some problems becasue of the interfering matrix compo-
nents at high concentrations in several real samples,
therefore, an effective sample pretreatment step, such as
preconcentration of the analyte and matrix isolation, are
still necessary to obtain reliable results. Many preconcen-
tration and separation methods have been frequently car-
ried out using liquid-liquid''~" and liquid-solid extrac-
tions. 1+ 35 910,14
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However, it should be pointed out that the conven-
tional preconcentration methods are nowadays not recom-
mended because of large volume of organic solvent and
their multiple steps. Thus, the miniaturized preconcentra-
tion methods have been developed. Among these met-
hods, dispersive liquid-liquid microextraction (DLLME)
recently introduced by Assadi and co-workers'® has beco-
me increasingly popular in comparison with the conven-
tional extraction methods.'® DLLME developed initially
for the extraction of organic compounds has been applied
to extraction and preconcentration of many metal ions."”
DLLME papers related to metal ions report the use of che-
lating ligands, ion-pair reagents and ligandless-dispersive
liquid-liquid microextraction. The ion-pair-DLLME (IP-
DLLME) has been employed for gold following the for-
mation of an ion pair complex between the AuCl,” com-
plex and different counter ions such as amiloride mono
hydrochloride,18 victoria blue R," dicyclohexylamine,(’
and benzyldimethyltetradecyl-ammoniumchloride®. For
many years, it has been well-known that gold is determi-
ned using a spectrophotometric method based on the reac-
tion of AuCl,” with the cationic form of Rhodamine B to
give a violet ion pair complex.?""?* However, literature re-
view has reported no study on the application of Rhoda-
mine B for IP-DLLME of Au(IIl) ions.

On the other hand, to achive the high preconcentra-
tion factor by DLLME as a miniaturized preconcentration
technique, it is concluded that its combination with a mi-
crosampling measurement technique is a very significant
point. Recently, we have showed that the innovative mi-
crosample injection system (MIS) has provided an oppor-
tunity to analyze a small volume of sample, e.g. 100 pL,
by flame atomic absorption spectrometry with high accu-
racy and reproducibility.”® However, there was no the re-
port of the use of IP-DLLME method with microsample
injection system coupled to flame atomic absorption spec-
trophotometry (MIS-FAAS) for the determination of gold.
Therefore, in this study, we combined IP-DLLME with
MIS-FAAS to develop a novel method for preconcentra-
tion and determination of Au(IIl) ions.

The purpose of this paper is to demonstrate the use-
fulness of IP-DLLME combined with MIS-FAAS for the
determination of gold in some samples. The IP-DLLME
technique was used with an appropriate mixture of chloro-
form (extraction solvent), ethanol (dispersive solvent) and
Rhodamine B (ion-pair agent) to preconcentrate gold
from aqueous samples.

2. Experimental

2. 1. Instruments

A flame atomic absorption spectrometer (PerkinEl-
mer, AAnalyst 200) equipped with a deuterium-lamp
background corrector and an air-acetylene burner was
used for determination of gold. Absorbances were measu-

red as the peak height by a microsample injection system
coupled with flame atomic absorption spectrophotometry
(MIS-FAAS). The instrumental settings were as follows:
wavelength 242.8 nm; slit width 1.0 nm; lamp current 4
mA; acetylene flow 1.5 L min™' and air flow 3.5 L min™".
The injection system was coupled to the nebulizer needle
using a PTFE capillary tube attached with a micropipette
tip as reported in our previous study.*® Aliquots of 100 uL
for all samples and calibration solutions were injected di-
rectly into the microsample injection system. The pH va-
lues of aqueous phase were controlled by a Hanna pH 211
Model with a glass-electrode supplied with a combined
glass-electrode.

2. 2. Reagent and Solutions

All chemicals were of analytical-reagent grade
(Merck, Darmstadt, Gemany). Ultrapure quality water (re-
sistivity 18.2 MQ cm™) used throughout the experiments
was obtained by reverse osmosis system (Human Corp.,
Seoul, Korea).

The working and reference solutions were prepared
daily by the dilution of commercial stock solutions (1000
+ 4.0 mg L") of gold purchased from Fluka, Germany.

Rhodamine B solution (5.8 x 10> mol L") was pre-
pared by dissolving solid Rhodamine B (Merck) in chlo-
roform. The Rhodamine B solution was prepared freshly.

0.1 mol L™"HClI solution was prepared from concen-
trated HCI (d 1,18 g/mL, 37% ) purchased from Sigma Al-
drich.

The laboratory glassware and conical-bottom poly-
propylene tube were kept overnight in a 10% HCI solu-
tion. Before use, all of the glassware and conical-bottom
polypropylene tube were washed with UP water and
dried.

2. 3. General Procedure for DLLME

Eight mL of 1.0 mol L™' HCI solution containing
0.20 pg Au(IIl) ions was transferred into a 15 mL PTFE
tube with conical bottom, and then a mixture of 500 pL
CHCI, and 1 mL acetone containing 10 pg Rhodamine B
was added quickly to this solution by using a 2.0 mL
syringe. The resulting cloudy solution was vortexed for
1.0 min at 1600 rpm and then centrifuged at 3000 rpm for
three minutes. After centrifugation, the upper aqueous
phase was removed with a dropper. The organic phase re-
maining at the bottom of the tube was evaporated on a wa-
ter bath for about 3 min. The residue was dissolved in 200
uL UP water containing 50 pL concentrated HNO;. The
evaporation and dissolution steps are necessary in order to
remove the viscous organic phase and facilitate sample
handling prior to a microsample injection system coupled
with flame atomic absorption spectrophotometric deter-
mination. Gold content of the final solution was determi-
ned by MIS-FAAS.
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2. 4. Sample Preparation and Real Sample

Analysis

Tap water was taken from drinking water system of
Bornova-Izmir, Turkey and then analysed without pre-
treatment, using the general procedure.

Waste water sample was collected from inlet of the
municipal wastewater treatment plant in Denizli City, Tur-
key. The water sample was brought to the laboratory in
one hour and filtered through 0.45-um cellulose nitrate
membranes (Sartorius, GmbH, Germany) under vacuum
to eliminate suspended matter. On the same day, it was
acidified to 1 mol L™ HCI with convenient volume of con-
centrated HCI and then analysed by the general procedure
above.

A nickel-plated wire sample was obtained from ER-
BAKIR company in Denizli. For the wire analysis, 0.0136
g wire sample was dissolved in 0.50 mL of concentrated
HNO,. The solution was evaporated to almost dryness and
then diluted to 100 mL with 1 mol L™" HCl. The general
procedure above was applied to this solution.

The electrolyte solution from copper electrolysis
unit of ER-BAKIR company in Denizli, Turkey was obtai-
ned and then diluted 200-fold by UP water before the
analysis because of high copper ion concentration, i.e.
7210 mg/L Cu. The diluted sample was analysed by the
general procedure.

2. 5. Optimization Strategy

In this study, the experimental design analysis and
data processing were carried out using the MINITAB 13.1
statistical software package. There are several factors,
such as extraction solvent type and volume, dispersive
solvent type and volume, sample volume, concentration of
HCI and ligand amount that affect the extraction process.
To optimize the experimental conditions of DLLME for
extraction of Au(IIl) ions, the full factorial and Plackett-
Burman designs were used for screening the variables.

3. Results and Discussion
3. 1. Optimization of The Main
Microextraction Parameters
3. 1. 1. Factorial Design

The full factorial design was developed in order to
identify the types of dispersive solvent and extraction sol-

Table 1. The design variables, low and high levels in 2° full facto-
rial design matrix

Levels
Factors Low (-) High (+)
Extraction solvent Chlorobenzene Chloroform
Dispersive solvent Ethanol Acetone

vent. The high and low levels defined for the 2* factorial
design are listed in Table 1. The low and high levels for
the factors were chosen based on the previous experi-
ments.

The factorial design matrix and recovery of Au(III)
ions in each factorial experiment are shown in Table 2,
with the low () and high (+) levels as specified in Table
1. All the experiments for Au(IIl) ions were carried out in
four replicates. The order in which the experiments were
made was randomized to avoid systematic errors.

Table 2. Design matrix and the results of the 27 full factorial design

Experiment Extraction Dispersive Recovery,
no solvent solvent Y%
1 + + 96 + 4
2 - + 49+ 6
3 - - 30+ 4
4 + - 48 +2

As seen from the Table 2, the highest recovery value
of Au(Ill) ions was obtained in experiment 1. The quanti-
tative recovery (295%) related with the design was obtai-
ned with the high level of factors. Thus, in the preconcen-
tration of Au(IIl) ions by dispersive liquid-liquid microex-
traction, chloroform and acetone were selected as extrac-
tion solvent and dispersive solvent, respectively.

In the next step, after identifying types of extraction
solvent and dispersive solvent, the effective parameters of
DLLME such as volume of extraction and dispersive sol-
vents, concentration of HCl and Rhodamine B amount
were evaluated by a Plackett Burman design to identify

Table 3. The design variables, low and high levels and design ma-
trix in Plackett-Burman design

Levels
Factors Low (-) High (+)
(A) Rhodamine B amount, ug 0 10
(B) Sample volume, mL. 5 10
(C) Concentration of HCI, mol L™ 0,5 1
(D) Dispersive solvent volume, uL 500 1000
(E) Extraction solvent volume, uL 250 500
Experiment Recovery,
no A B C D E %
1 0 0 0 0 0 813
2 + + + 714
3 + + - - + 756
4 - + + + - 19+4
5 - + - + + 216
6 + -+ o+ # 96+ 4
7 + - - + - 87+ 1
8 - - - - - 17+4
9 - - + - + 17+4

0: Central Point
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the most important parameters and their interactions. The
factors selected and their levels are presented in Table 3.
The factors and their levels were selected according to the
available data and experience gathered in previous scree-
ning experiments. A factorial Plackett Burman 2°~* experi-
mental design with one centerpoint which studied the ef-
fects of the five factors in 9 experiments was run. The
Plackett Burman design matrix and recovery of Au(III)
ions in each factorial experiment are shown in Table 3. As
seen from Table 3, in the experiment 6, the quantative re-
covery was obtained for Au. Thus, amount of Rhodamine
B of 10 pg, concentration of HCI 1.0 mol L™, dispersive
solvent (acetone) volume 1000 puL and extraction solvent
(chloroform) volume 500 pLL were selected. Although the
sample volume was chosen as 5 mL, it was studied again
to obtain high preconcentration factor.

3. 1. 2. The Main Effects

The main effects plot was generated to represent
the results of the regression analysis. It shows only the
factors that are significant at the 95% confidence inter-
val. The main effects represent deviations of the average
between the high and low levels for each factor. The
main effects of each parameter on the recovery of gold
are shown in Fig. 1. When the effect of a factor is positi-
ve, recovery of gold (%R) increases as the factor chan-
ges from low to high levels. In contrast, if the effects are
negative, a reduction on recovery of gold occurs for high
level of the same factor.”** From Fig. 1, it is inferred
that the longer the vertical line, the larger the change on
recovery of Au when changing from low level to high le-
vel. It should be pointed out that the statistical signifi-
cance of a factor is directly related to the length of the
vertical line.?® The effects of all factors are positive,
meaning that an increase of recovery is observed when
the factor changes from low to high.

3. 1. 3. The Pareto Chart

The results of the experimental design were eva-
luated by an analysis of variance test at a 5% significan-
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Figure 1. Main effects plot for recovery of gold

ce level, and the main effects were shown using standar-
dized Pareto charts (Figure 2). The vertical line on the
plot judged statistically significant effects. The bar
extending beyond the line corresponds to the effects that
are statistically significant at the 95% confidence le-
vel.”’
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Figure 2. Pareto charts of the main effects obtained from the Plac-
kett Burman design

According to Figure 2, the amount of Rhodamine
B was the most significant factor having a positive ef-
fect on the extraction efficiency. Other important factors
were HCI concentration and sample volume on the ex-
traction efficiency of Au(IIl) ions, respectively. The
Pareto charts indicate that the other two variables (ex-
traction solvent volume and dispersive solvent volume)
have no significant effect on the recovery of Au(III)
ions. The positive and negative signs can be enhanced or
reduced, respectively, when passing from the lowest to
the highest level set for the specific factor. All factors
were shown to have a positive effect on the extraction
efficiency, in order to achieve high efficieny and good
selectivity, amount of Rhodamine B was selected as 10
ug, concentration of HCI as 1.0 mol L', dispresive sol-
vent volume as 1000 uL and extraction solvent volume
as 500 pL. As seen in Figure 2, sample volume was the
third most significant factor having a positive effect on
the extraction efficiency in this sudy. The high value for
sample volume is needed to investigate in detail because
of the positive significant effect of sample volume for
Au(III) ions.

3. 2. Effect of Sample Volume

It has been concluded from the Figures 1 and 2
that it is necessary to evaluate in detail the sample volu-
me. This is important to achieve high preconcentration
factor. Thus, the effect of sample volume was checked
by changing the range of sample volume from 2.0 to
10.0 mL (Figure 3). It was found that quantitative reco-
very (295%) was obtained up to a sample volume of
8.0 mL.
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Figure 3. Effect of sample volume on recovery of 10 ug L™ Au(IIT)
ions as ion pair complex (n:4)

3. 3. Effect of Vortex-Assisted Extraction

Time and Centrifuge Time

In this study, to enhance the extraction efficiency
and decrease the time to reach dynamic equilibrium, vor-
tex agitation was used for fast and easy dispersion of the
extractant (chloroform) into the aqueous sample solution.
After the extractant-dispersive mixture including Rhoda-
mine B as ion pair agent was injected rapidly into the sam-
ple solution, a cloudy solution formed was vortexed. For
this, vortex rotational speed was fixed at 1600 rpm and the
effect of vortexing times was tested in the range of from 0
to 5 min (Table 4). No significant effect was observed at
the vortexing time ranging from 1 to 5 min, which indica-
ted that the quantitative analyte transfer and the equili-
brium state were achieved in only 1 min. The quantitative
recovery (295%) of Au(Ill) ions was not obtained without
the vortex mixing. The data in Table 4 show that the vor-
tex agitation is necessary for quantitative extraction of
Au(III) ions. Thus, 1 min was chosen as vortex-assisted
extraction time and used for further experiments.

Table 4. Influence of vortex-mixing time on recovery 10 ug L™
Au(III) ions as ion pair complex (sample volume: 8.0 mL, centrifu-
ge time: 3 min, n:4)

Vortex-mixing time, min Recovery, %
62.4+3.7
5 77228
96.7 4.1
954+39
98.1+3.1

96.3 +4.4

NhV—OoO

After 1 min vortex-assisted extraction time, the mix-
ture was centrifuged immediately to seperate aqueous and
extractant phases in the conical tube. The best centrifuge
rotational speed was found experimentally as 3000 rpm.
Furthermore, the effect of centrifuge time on the recovery
of Au(IIl) ions was evaluated. As seen from Figure 4, after
3 min the quantitative value (295%) was achieved. There-
fore, the centrifuge time was chosen as 3 min.

120,

100

80 -
60 |

Recovery, %

40

0 I 2 3 4 5 6 1 8 9
Centrifuge time, minute

Figure 4. Influence of centrifuge time on recovery of 10 ug L™
Au(III) ions as ion pair complex (sample volume: 8.0 mL, vortex
mixing time: 1 min, n:4)

3. 4. Influence of Salts and Interfering Ions

The influence of ionic strength was tested by adding
the known concentration of NaCl into the aqueous solu-
tions of 50 ug L™ of Au(II) ions in a concentration range
from O to 10%, and the rest of the experimental conditions
were kept constant. The obtained recoveries showed that
the overall process was not affected significantly by NaCl
in the examined concentration range (Figure 5). Thus, for
the further study, salt was not added to the sample solution.

120
100p—4—3— , ———*
80
60
40
20
0 - . , . v !
0 2 4 6 8 10 12
Amount of NaCl, % w/v

Recovery, %

Figure 5. Effect of salt on recovery of 50 pug L™ Au(III) ions as ion
pair complex (n:4)

The possible interferences of common coexisting
ions on the extraction of Au(IIl) ions were investigated to
evaluate the selectivity and applicability of the proposed
method to real samples. In these experiments, solutions of
50 ug L' of Au(Ill) ions containing the coexisting ions
were treated according to the general procedure above.
The tolerance limits of the coxisting ions, defined as the
largest concentration causing a change in the recovery of
Au(IIl) ions no higher than 5%, are given in Table 5. The
results show good tolerance to coexisting ions examined
in water, electrolysis and nickel wire samples. It is stated
that the developed method was applicable to the analysis
of real samples.
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Table 5. Tolerable concentration of the interfering ions on the de-
termination of 50 ug L™ Au(III) ions using IP-DLLME (n = 4)

Maximum tolerable

Interfering ions® . _
g concentration, mg L™

Na* 40000
K* 500
Mg* 1000
Ca*, Ba™ 500
PO43‘, CO32‘ 1500
SO 42‘ 3000
CI 60000
Cu2+, Zn2+ 40
Ni?*, Cd**, Pb**, Hg?** 25
Fe’* 15

aNa*, Cu?*, Zn**, Ni*, Cd**, Pb**, Hg** and Fe** as nitrate; K*,
Mg?*, Ca®* and Ba™ as chloride; PO,*, CO,>, SO,”" and Cl"as so-
dium salts.

3. 5. Analytical Performance

The analytical figures of the proposed procedure
were determined under the optimized conditions. The ca-
libration equation obtained by DLLME procedure was
found as A =2.1253 C + 0.0011 with a correlation coeffi-
cient of 0.9997, in which A is the absorbance for Au(III)
ions in the enriched phase and C is the concentration of
Au(III) ions as ug L™ in the sample solution. The linear
calibration equation without preconcentration was A =
0.0534 C + 0.0023 with a correlation coefficient of
0.9996. The experimental enrichment factor was calcula-
ted by the slope ratio of the calibration equation obatai-
ned with preconentration of 8.0 mL solution and without
preconcentration. The theoretical preconcentration factor
was calculated by the ratio of volumes of the sample (8.0
mL) and the final solutions (0.2 mL). The relative error
was —0.5%.

The limits of detection (LOD) and quantification
(LOQ) were calculated as three and ten times respecti-
vely of the standard deviation of eleven blank readings
divided by the slope of the calibration curve after precon-
centration.

The sampling frequency was calculated for four
samples centrifuged and evaporated simultaneously. In
DLLME studies, another important analytical figure is
consumptive index calculated by the ratio of the volume
of solution of the metal used in the preconcentration and
enrichment factor.”® The consumptive index is defined as
the sample volume consumed to achieve a unit of EF. A
summary of the analytical characteristics of dispersive li-
quid-liquid microextraction for gold using Rhodamine B
as ion pair agent is presented in Table 6.

The precision was studied by processing six replica-
te standard solutions of gold and the relative standard de-
viation (RSD) for 10 ug L' of Au(III) ions was * 3.2%. It
was changed from the range of 0.4 to 6.8% for real sam-
ples (Table 6).

Table 6. Analytical figures of the IP-DLLME-MIS-FAAS method
for determination of gold

Characteristics Figures of merit
Linear range with DLLME (ug L™) 8-100
Linear range without DLLME (ug mL™") 0.25-10
Experimental enrichment factor 39.8
Theoretical enrichment factor 40.0
Limit of detection (LOD, ug L™) (30, n:12) 1.8
Limit of quantification (LOQ, pg L™) 6.2
Precision (RSD,%) (Au(III): 10 ug L™, n:6) +3.2
Sample volume (mL) 8.0
Sampling frequency (samples h™) 24
Consumptive index (mL) 0.20

3. 6. Analytical Application

The proposed DLLME method was applied to the
extraction of gold in water samples (tap water and waste
water), electrolyte solution from a copper electrolysis unit
and nickel plated wire samples having different and com-
plicated matrix. The validity and reliability of IP-DLLME
method was tested by the analysis of the samples spiked
with the known amount of gold (no certified reference
material was available). The results in Table 7 reveal that
recoveries of spiked samples were in the range of
94-98%, indicating the good validity and reliability of the
proposed IP-DLLME method for the analysis of a wide
range of samples.

Table 7. Determination of gold in real samples(n:4)

Samples Amount of gold, pg
Added Found® Recovery, % RSD, %
Tap water - n.d. - -
0.50 0.49+0.01 98.0 2.0
1.00  0.96 +0.04 96.0 4.2
Industrial - n.d. - -
wastewater 0.62 0.58+0.03 93.5 5.2
1.25 1.21 £0.03 96.8 2.5
Copper - n.d. - -
electrolysis 0.62  0.59 +0.04 95.2 6.8
solution® 1.25 1.20 £ 0.08 96.0 6.7
Nickel-plated - n.d. - -
wire 1.25 1.19£0.02 95.2 1.7
250 2.35+0.01 98.0 0.4

*Mean * standard deviation. *Electrolysis solution was diluted 200-
fold because of high copper content as 7210 mg L™, determined by
flame AAS.

4. Conclusion

In this study, a novel analytical method using ion
pair-dispersive liquid-liquid microextraction combined
with microsample injection system-flame atomic absorp-
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Table 8. Comparative data from some recent studies on preconcentration of gold ions

Analytical System LOD, ng L! EF RSD, % Sample Vol., mL Acidity Refs.
Coprecipitation/FAAS 1.5 25 <10% 50 pH=4 29
SPE/FAAS 16.6 200 <6% 1000 1-2.5 M HNO, 3
SPE/FAAS 1.61 31 <5% 250 pH=4 4
SPE/FAAS 0.15 75 3.1 150 pH=2 30
SPE/FAAS 30 250 6.1 1000 pH=6 31
IL-LLE/FAAS 72 10 <2.48% 10 1 M HCl1 32
DLLME/ETAAS 5 388 4.2 10 0.5 M HCI 33
DLLME/FAAS 0.4 94 2 10 2.5M HCI 34
DLLME/FAAS 0.1 28.6% 2.1 10 pH=23 20
IP-DLLME/MIS-FAAS 1.8 40 32 8 1.0 M HCI This work

LOD: limit of detection, EF: enrichment factor, RSD: relative standard deviation, SPE: solid phase extraction, IL-LLE: ionic liquid-li-
quid liquid extraction.*It was found by the ratio of volumes of the sample (10.0 mL) and the final solution (350 uL).

tion spectrometry (IP-DLLME/MIS-FAAS) has been pro-
posed for the extraction and determination of gold(III)
ions. The proposed method allowed tackling the determi-
nation of gold in samples having complicated matrix. The
method showed high tolerance to the interferences from
the matrix ions. The good figures of merit for method were
obtained. Table 8 compares the characteristic analytical fi-
gures of the proposed procedure with those reported in li-
terature. In general, the limit of detection, enrichment fac-
tor and precision obtained by the proposed procedure are
comparable to the listed preconcentration methods, and the
sample volume used in this study is less that the methods
listed in Table 8. The proposed method is simple, efficient,
rapid, and inexpensive and the consumption of organic sol-
vents is lower than in other conventional sample prepara-
tion methods. In addition, it may be concluded that IP-
DLLME is a good bridge between the flame atomic ab-
sorption spectrometry with microsample injection system
and the samples containing low concentration of analytes.
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