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�e report a simple and sensitive microextraction system for the preconcentration and determination of Cu (II) by �ame
atomic absorption spectrometry (�AAS). Dispersive liquid-liquid microextraction is a modi�ed solvent extraction method and
its acceptor-to-donor phase ratio is greatly reduced compared with other methods. In the proposed approach, 1,5-diphenyl
carbazide (DPC) was used as a copper ion selective complexing agent. Several variables such as the extraction and dispersive
solvent type and volume, pH of sample solution, DPC concentration, extraction time, and ionic strength were studied and
optimized for a quantitative preconcentration and determination of copper (II) and at the optimized conditions: 60 𝜇𝜇L, 0.5mL,
and 5mL of extraction solvent (chloroform), disperser solvent (ethanol), and sample volume, respectively, a linear calibration
graph was obtained over the concentration range of 10–200 𝜇𝜇g L−1 for Cu (II) with 𝑅𝑅2 = 0.9966.e limit of detection (3S𝑏𝑏/m), and
preconcentration factor are 2 𝜇𝜇g L−1 and 25, respectively. e relative standard deviation (𝑛𝑛 𝑛 1𝑛) at 100 𝜇𝜇g L−1 of Cu (II) is 2.5%.
e applicability of the developed technique was evaluated by application to spiked environmental water samples.

1. Introduction

Sample preparation is an important analytical step especially
for the determination of trace analytes in complex sam-
ple matrices commonly encountered in environmental and
biological analysis [1]. Solvent extraction has been one of
the most extensively studied and widely applied methods in
preconcentration and separation procedures for the determi-
nation of trace elements due to its simplicity, convenience,
wide scope, and so forth. Separation and preconcentration
procedures using solvent extraction, generally, result in a
high-enrichment factor, owing to the difference between the
volumes of the aqueous and organic phases. Although this
procedure is operated in batch mode, it is time consuming
and produces large amounts of potentially toxic organic
solvents as waste.

Modern trends in analytical chemistry are directed
towards the simpli�cation and miniaturization of sample
preparation, as they lead inherently to a minimum solvent
and reagent consumption and drastic reduction of laboratory
wastes [2, 3]. Considering this aspect, for reducing the analy-
sis step, increasing the sample throughput, and improving the
quality and the sensitivity of the analytical methods, several
microextraction techniques such as cloud point extraction
(CPE) [4, 5], homogeneous liquid-liquid extraction (HLLE)
[6, 7], liquid-phasemicroextraction (LPME) [8, 9], and solid-
phase microextraction (SPME) [10] are being developed.

A novelmicroextraction technique as a high performance
and powerful preconcentration method termed dispersive
liquid-liquid microextraction (DLLME) was demonstrated
by Assadi and colleagues previously [18]. is method is a
simple and fast microextraction technique based on the use
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T 1: Comparison of DLLME with other extraction methods for determination of copper in water samples.

Method LODa (𝜇𝜇g L−1) R.S.D.b (%) PFc Sample volume (mL) Reference
Online SPE-FAAS 3 3.3 16 13.6 [11]
SPE-FAAS 5.2 2.6 2 10 [12]
Online SPE-FAAS 10 3.4 16 4 [13]
CPE-spectrophotometry 5 2.8 22d 25 [14]
SPE-FAAS 3 <5 20 250 [15]
SPE-FAAS 3.9 4.3 10 100 [16]
SPE-FAAS 2.5 3.3 25 50 [17]
DLLME-FAAS 2 2.5 25 5 Present work
SPE: solid phase extraction, FAAS: �ame atomic absorption spectrometry, CPE: cloud point extraction, aLimit of detection, bRelative standard deviation,
cPreconcentration factor, dEnhancement factor.

of an appropriate extractant, that is, a few microliters of an
organic solvent and a disperser solvent with high miscibility
in both extractant and aqueous phases. When the mixture
of extractant phase and disperser is rapidly injected into
the sample, a high turbulence is produced. is turbulent
regimen gives rise to the formation of small droplets, which
are dispersed throughout the aqueous sample. Aer the
formation of a cloudy solution, the surface area between
the extracting solvent and the aqueous sample becomes very
large; therefore, the equilibrium state is achieved quickly
and, as such the extraction time is very short. In fact, this
is the principal advantage of DLLME. Aer centrifugation
of the cloudy solution, a sedimented phase is settled in the
bottom of a conical tube and used with the most appropriate
analytical technique. For the determination of metal trace
elements, a complexing reagent should be dissolved in the
mixture [19]. Simplicity of operation, rapidity, low cost,
high recovery, high enrichment factor, and environmental
benignity are the advantages of DLLME [18]. is technique
has been applied to the determination of trace organic
pollutants and metal ions in environmental samples [20, 21].

Copper is an essential trace element and adverse health
effects can potentially be associated with both very low
and very high intakes [22]. Human long-term exposure
to copper can cause acute gastrointestinal effects. ese
include stomachaches, dizziness, vomiting, and diarrhea [23].
High uptakes of copper may cause liver and kidney damage
and even death. Whether copper is carcinogenic has not
been determined yet. Accurate estimates of inhalation and
ingestion (food and drinking water) exposures are therefore
needed in order to realistically assess any effects of the distri-
bution of copper intakes. In this manner, the determination
of trace amounts of copper in several matrices is fundamental
to identify the metal contamination in environment, water,
or human body. Several instrumental methods, including
inductively coupled plasma mass spectrometry (ICP-MS)
[24], inductively coupled plasma atomic emission spec-
trometry (ICP-AES) [25], �ame [26, 27] and graphite [28]
atomic absorption spectrometry (AAS), adsorptive stripping
voltammetry [29], and so forth, have been applied for
the quantitative analysis of copper in various media. e
common availability of the instrumentation, the simplicity of
procedures, speed, precision, and accuracy of the technique
are key factors in the selection of the determination method.

Aforementioned methods, except FAAS, involve greater cost
and increased instrumentation complexity that limit their
widespread application to routine analytical works. FAAS
is still being used because of its low cost, friendly opera-
tion, high sample throughput, and good selectivity. FAAS
technique suffers from poor sensitivity in the determination
of heavy elements in environmental samples like natural
water and other real samples [30, 31]. is drawback can be
overcome by the combination of a suitable preconcentration
technique with subsequent AAS determination.

In the presentedwork, a dispersive liquid-liquidmicroex-
traction procedure has been proposed for the preconcentra-
tion of copper prior to �ame atomic absorption spectrometric
determination. 1,5-diphenyl carbazide (DPC) was selected as
a chelating agent. In this work we use microsample intro-
duction system for the analysis of solutions by FAAS [32].
DLLME-FAAS by microsample introduction is a sensitive,
fast, and reproducible technique for the preconcentration
and determination of metal ions in water samples. Aer the
optimization of experimental variables and determination of
analytical features, the applicability of the developed tech-
nique was evaluated by application to spiked environmental
water samples.

2. Experimental

2.1. Instrumentation. A SensAA (GBC, Australia) atomic
absorption spectrometer equipped with deuterium back-
ground correction and copper hollow cathode lamp was used
for the determination of copper at a wavelength of 324.8 nm.
e instrumental parameters were adjusted according to the
manufacturer’s recommendations. A home-made microsam-
ple introduction system was constructed from a polyethylene
valve and was coupled to the nebulizer needle by a small
length of the PTFE capillary tube. A Hettich centrifuge
(Model EBA 20, Germany) was used for centrifuging. e
pH values weremeasured with aMetrohm pH-meter (model:
827) supplied with a glass-combined electrode.

2.2. Reagents and Solutions. All chemicals were of analytical
reagent grade and were provided by Merck (Darmstadt, Ger-
many). Stock standard solution (1000mg L−1 in 0.5mol L−1
HNO3) of Cu (II) was prepared using Cu (NO3)2⋅6H2O.e



Journal of Chemistry 3

T 2: Determination of copper in water samples.

Sample Cu (II) amount (𝜇𝜇g L−1) Recovery (%)
Added Found

Tap water (drinking water system of Behshahr, Iran)
0.0 n.d.a —
50.0 49.0 (2.6)b 98.0
100.0 99.0 (2.5) 99.0

Mineral water (Damavand mineral water, Iran)
0.0 n.d. —
50.0 49.0 (2.5) 98.0
100.0 96.0 (2.6) 96.0

River water (Tajan river, Sari, Iran)
0.0 n.d. —
50.0 47.5 (2.7) 95.0
100.0 97.0 (2.5) 97.0

Sea water (Caspian sea water, Sari, Iran)
0.0 n.d. —
50.0 51.5 (2.8) 103.0
100.0 102.0 (2.8) 102.0

a
Not detected.

bRSD of three replicate experiments.

working standard solutions were prepared by appropriate
stepwise dilution of the stock standard solution with doubly
distilled water.

Other reagents used were chelating agent 1,5-diphenyl
carbazide (DPC), hydrochloric acid, nitric acid, sodium
hydroxide, ethanol, methanol, acetone, acetonitrile, chloro-
form, dichloromethane, carbon tetrachloride, and sodium
nitrate was obtained from Merck (Darmstadt, Germany).
Chlorobenzene was obtained from Fluka (Switzerland).

A solution of 0.1mol L−1 DPCwas prepared by dissolving
appropriate amount of DPC in methanol.

All glassware was rinsed with ultrapure water, decontam-
inated for at least 24 h in 10% (v/v) nitric acid solution and
rinsed again �ve times with ultra-pure water.

2.3. Extraction Procedure. A 5mL water sample containing
the target ion was placed in a 10mL test tube with conical
bottom. en 0.1mL of 0.1mol L−1 sodium acetate/acetic
acid buffer (pH = 6) and 0.1mL of 0.1mol L−1 DPC solu-
tion were added. A mixture consisting of 0.5mL ethanol
(dispersive solvent) and 60 𝜇𝜇L chloroform (extraction sol-
vent) was injected rapidly into the sample using a 1mL
syringe (gastight, Hamilton, Nevada, USA). A cloudy solu-
tion (resulting from the dispersion of the �ne droplets of chlo-
roform in the aqueous sample) was formed in the test tube.
In this step, the copper ions reacted with DPC and extracted
into the �ne droplets of chloroform. e mixture was then
centrifuged at 5000 rpm for 5min. Aer this process, the
dispersed �ne droplets of chloroform were sedimented at the
bottom of the conical test tube. e sedimented chloroform
was removed using a 100 𝜇𝜇L microsyringe and was made
up to 200 𝜇𝜇L by adding a mixture of 0.1mol L−1 HNO3 in
methanol.e�nal solutionwas injectedmanually into FAAS
equipped with microsample introduction system.

3. Results and Discussion

Before the analysis of the real samples by this method, to
ensure the attainment of maximum extraction recovery, the
parameters affecting DLLME efficiency including pH, the
chelating agent concentration, the type and the volume of the
extraction solvent, the type and the volume of the dispersive
solvent, the extraction time and the ionic strength were
optimized. One-variable-at-a-time optimization was used
to obtain optimum conditions. e procedural parameters
included in the optimization are given in the following
section in order to gauge the importance of each. Triplicate
extractions were performed for all experiments, and the
average of these results was reported in �gures or tables.
Finally, these optimal conditions were applied to extract and
detect copper in the real water samples.

3.1. Effect of pH. e separation of metal ions by DLLME
involves a prior formation of a complex with sufficient
hydrophobicity and a subsequent extraction into the small
volume of the sedimented phase. e pH value plays a
unique role on both the metal-chelate formation and the
extraction. e effect of pH, in the range of 1–11, adjusted
with hydrochloric acid and sodium hydroxide, on the Cu-
DPC complex formation and the extraction of copper in
water samples was investigated. e results illustrated in
Figure 1 showed that the extraction recovery rose from pH
1 to 5, held at pH 5–8, and then declined with pH higher
than 8. e Competition between protons and copper ions
could explain the weak recovery in acid medium. On further
increase of pH, recovery decreased probably due to the
formation of hydroxide of copper. erefore, further works
for microextraction were performed at pH 6.0 by adding the
sodium acetate/acetic acid buffer solution.
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F 1: Effect of pH on the extraction recovery of copper.
Extraction conditions: water sample volume, 5.0mL; DPC, 2 ×
10−3mol L−1; extraction solvent (chloroform) volume, 60 𝜇𝜇L; dis-
persive solvent (ethanol) volume, 0.5mL; concentration of copper,
100 𝜇𝜇g L−1.
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F 2: Effect of DPC concentration on the extraction recovery of
copper. Extraction conditions: water sample volume, 5.0mL; pH =
6; extraction solvent (chloroform) volume, 60 𝜇𝜇L; dispersive solvent
(ethanol) volume, 0.5mL; concentration of copper, 100 𝜇𝜇g L−1.

3.2. Effect of DPC Concentration. e in�uence of the
amount of DPC was also evaluated in the range from 4.0
× 10−6–6.0 × 10−3mol L−1. e results are shown in Figure
2. It was observed that copper extraction improved, by
increasing the DPC concentration, up to 6.0 × 10−4mol L−1
and remained constant. Lower extraction recovery at a con-
centration below 6.0× 10−4mol L−1 is due to insufficient DPC
concentration and incomplete formation of the complex. No
signi�cant changes were observed when higher concentra-
tions of DPC were employed. us, 2.0 × 10−3mol L−1 DPC
was chosen as the optimum to account for other extractable
species.

3.3. Selection of Extraction Solvent. e type of extraction
solvent used in DLLME is of essential consideration for
efficient extraction. It should have low volatility, low toxicity,
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F 3: Effect of type of the extraction solvent on the extraction
recovery of copper. Extraction conditions: water sample volume,
5.0mL; pH = 6; DPC concentration, 2 × 10−3mol L−1; dispersive
solvent (ethanol) volume, 0.5mL; extraction solvent volume, 60 𝜇𝜇L;
concentration of copper, 100 𝜇𝜇g L−1.

low water solubility andmust not interfere with the analytical
techniques used for the determination of analytes [18].
In the proposed method, the selected solvent also should
have a density higher than water in order to sediment
aer centrifugation. Chlorobenzene (density, 1.11 gmL−1),
carbon tetrachloride (density, 1.59 gmL−1), dichloromethane
(density, 1.32 gmL−1), and chloroform (density, 1.48 gmL−1)
were studied as extraction solvents using a mixture of 0.5mL
ethanol and 60 𝜇𝜇L of each extraction solvent. Aer DLLME,
sedimented phase was made up to 200𝜇𝜇L by adding acidic
methanol and the solution was analyzed by FAAS. Figure
3 shows the effect of the type of extraction solvent on the
extraction recovery of copper. As can be seen, recovery
with chloroform is quantitative. erefore, chloroform was
selected as the extraction solvent for further experiments.

3.4. Effect of the Volume of Extraction Solvent. In order to
examine the effect of the extraction solvent volume, solutions
containing different volumes of chloroform (ranging from 40
to 200 𝜇𝜇L) were subjected to the same DLLME procedure.
e results are shown in Figure 4. According to results, by
increasing the volume of chloroform from 40 to 60𝜇𝜇L, the
extraction recovery increased and then remained constant.
It is clear that in solutions with low volumes of chloroform
(lower than 60𝜇𝜇L) the amount of chloroform is not enough
for the complete extraction of copper, hence, extraction
recovery is low. ereby, 60𝜇𝜇L chloroform was used as
extraction solvent in the subsequent experiments.

3.5. Selection of Dispersive Solvent. In DLLME, selecting an
appropriate dispersive solvent is important, since dispersive
solvent should be miscible with both extraction solvent and
aqueous sample. For the sake of acquiring the most suitable
dispersive solvent, four kinds of dispersive solvents, namely,
acetonitrile, acetone, ethanol, and methanol were studied.
Figure 5 shows the effect of the kind of dispersive solvent
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F 4: Effect of the volumeof extraction solvent on the extraction
recovery of copper. Extraction conditions: water sample volume,
5.0mL; pH = 6; DPC concentration, 2 × 10−3mol L−1; extraction
solvent, chloroform; dispersive solvent (ethanol) volume, 0.5mL;
concentration of copper, 100 𝜇𝜇g L−1.
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F 5: Effect of type of the dispersive solvent on the extraction
recovery of copper. Extraction conditions: water sample volume,
5.0mL; pH = 6; DPC concentration, 2 × 10−3mol L−1; extraction
solvent (chloroform) volume, 60 𝜇𝜇L; dispersive solvent volume,
0.5mL; concentration of copper, 100 𝜇𝜇g L−1.

on the extraction recovery of copper. It could be seen that
ethanol and methanol could give the highest extraction
recovery of the target analyte.erefore, ethanol was selected
as the dispersive solvent because of lower toxicity.

3.6. Effect of the Volume of Dispersive Solvent. e volume of
dispersive solvent directly affects extraction solvent solubility
in aqueous phase, thus, in�uencing the e�ciency of the
microextraction technique. us, ethanol volumes ranging
within 0.25–1.5mL were assayed. As can be seen from Figure
6, the extraction recovery reached its maximum value at
0.5mL of the ethanol and then decreased by further increase
in its volume. At low volume, ethanol could not disperse
chloroform properly and the cloudy solution was not formed
completely; at high volume, the solubility of the complex in
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F 6: Effect of the volume of dispersive solvent on the extraction
recovery of copper. Extraction conditions: water sample volume,
5.0mL; pH = 6; DPC concentration, 2 × 10−3mol L−1; extraction
solvent (chloroform) volume, 60 𝜇𝜇L; dispersive solvent, ethanol;
concentration of copper, 100 𝜇𝜇g L−1.

water increased by the increase in the volume of ethanol.
erefore, 0.5mL of ethanol was selected as the optimum
volume of dispersive solvent.

3.7. Effect of Extraction Time. Extraction time is an impor-
tant factor in�uencing the extraction recovery. In DLLME,
extraction time is de�ned as the time between the in�ection of
the mixture of dispersive and extraction solvent, and starting
to centrifuge [18]. e effect of the extraction time on the
extraction recovery of copper was investigated with the time
varying from 0 to 30min and the results displayed that the
extraction time has no signi�cant in�uence on the recovery of
the analyte. is means that aer the formation of the cloudy
solution, the complex of metal ions and chelating reagent
was formed instantly and, then, diffused into organic solvent
quickly. erefore, DLLME is a kind of fast equilibrium
extraction technique.

3.8. Effect of Centrifuging Rate and Time. To achieve a good
separation result, the effect of centrifugation rate and time on
the extraction recovery was studied. e effect of centrifuga-
tion rate was investigatedwithin the range of 1000–6000 rpm.
Itwas found that over 4000 rpm, the organic phase completely
settled; therefore, the rate of 5000 rpm was selected as the
optimum point.

At the optimumrate, recoverywas examined as a function
of centrifugation time. Over 4min, recovery was constant,
indicating a complete transfer of the organic phase to the bot-
tom of the centrifuge tube. So, the optimum centrifugation
time was chosen as 5min.

3.�. �n�uence of �onic Strength. In order to investigate the
in�uence of the ionic strength on the DLLME performance,
several experiments were performed with different KNO3
concentrations (0.0–0.8mol L−1) while keeping other exper-
imental parameters constant. According to the obtained
experimental results, salt addition has no signi�cant effect on
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extraction recovery.erefore, all the extraction experiments
were carried out without adding salt.

3.10. Interference Effects. e effect of concomitant ions
regularly found in natural water samples was evaluated by
analyzing 5mL of 100 𝜇𝜇g L−1 copper solution containing
concomitant ions at different concentrations, and following
the recommended extraction procedure. A variation on the
recovery higher than ±5% was considered as interference.
e results have showed that a 1000-fold excess of alkali and
alkaline earth cations (Na(I), K(I), Li(I), Ca(II)) and common
anions (nitrate, iodide, bromide and phosphate); a 100-fold
excess of cations Mn (II), Cd (II), Cr (VI), Ba (II), Co (II),
Fe (III), Fe (II), Ag(I); a 80-fold excess of cation Mg (II);
and a 50-fold excess of cations Pb (II), Cr (III), Al (III), Zn
(II), Ni (II) did not affect the copper recovery. e above
results indicate that none of the ions examined interfere in the
extraction and determination of copper; thus, the developed
method is applicable to the analysis of copper in variouswater
samples.

3.11. Analytical Performance and Comparison with Other
Methods. For the purpose of quantitative analysis, a calibra-
tion curve for copper was obtained by spiking the standards
directly into distilled water and was extracted under opti-
mal conditions. Linearity was observed over the range of
10–200𝜇𝜇g L−1 with a correlative coefficient (𝑅𝑅2) of 0.9964.
e limit of detection (LOD), based on a signal-to-noise ratio
(S/N) of 3, was 2 𝜇𝜇g L−1. e precision of this method was
determined by analyzing standard solution at 100𝜇𝜇g L−1 of
copper for ten times continuously, and the relative standard
deviation (RSD) was 2.5%. e preconcentration factor was
25 for 5.0mL sample solution.

As shown in Table 1, in comparison with other reported
methods, the proposed method has low LOD and a good
preconcentration factor. e method developed in this work
is proposed as a suitable alternative to more expensive
instruments for copper determination at trace levels. is
methodology is a reproducible, simple, and low cost tech-
nique and does not require further instrumentation. ese
characteristics are of great interest for the routine laboratories
in the trace analysis of metal ions.

3.12. Analysis of Real Samples. e proposed procedure has
been applied to the determination of copper content in
different water samples (tap, mineral, river, and sea water
samples). e results are given in Table 2. According to the
results, the concentration of copper in the analyzed water
samples was below the LOD of the method.

e suitability of the proposed method for the analysis of
natural water samples was checked by spiking samples with
50 and 100 𝜇𝜇g L−1 of copper. e results were tabulated in
Table 2. According this table, the added copper ion can be
quantitatively recovered from the water samples by the pro-
posed procedure. ese results demonstrate the applicability
of the procedure for copper evaluation in water samples. e

recovery of copper added to the samples demonstrates the
efficiency of the proposed method.

4. Conclusions

is work has been demonstrated as a new method of
dispersive liquid phasemicroextraction combinedwith FAAS
for the determination of copper in various water samples.
is method is simple, rapid, and inexpensive and has a
lower limit of detection and higher enrichment factor over
other reported methods in the references. Especially, sample
preparation time and consumption of toxic organic solvents
areminimized in thismethodwithout affecting the sensitivity
of the method. is is a novel method and is suitable for the
simple and accurate evaluation of this element in a variety of
water samples with satisfactory results.
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