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Abstract A simple, rapid and efficient method has been
developed for the extraction, preconcentration and deter-
mination of copper, lead and zinc ions in water samples
by air-assisted liquid-liquid microextraction coupled with
graphite furnace atomic absorption spectrometry (GFAAS).
In the proposed method, much less volume of an organic
solvent (in the order of some pL) was used as the extrac-
tion solvent in the absence of disperser solvent. Fine
organic droplets were formed by sucking and injecting of
the mixture of aqueous sample solution and extraction sol-
vent with a syringe for several times in a conical test tube.
After extraction, phase separation was achieved by centrif-
ugation and the enriched analytes in the sedimented phase
were determined by GFAAS. Several variables potentially
affecting the extraction efficiency were investigated and
optimized. Calibration graphs were linear in the concentra-
tion range of 45.0-1100 ng L~!. Detection limits were in
the range of 18.0-26.0 ng L™'. The accuracy of the devel-
oped procedure was checked by analyzing NRCC-SLRS4
Riverine water as a certified reference material. Finally, the
proposed method was successfully applied to determine
the selected heavy metals in tap, surface and river water
samples.
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Abbreviations

AALLME Air-assisted liquid—liquid microextraction

EF Enrichment factor

ER Extraction recovery

GFAAS Graphite furnace atomic absorption
spectrometry

LOD Limit of detection

LOQ Limit of quantification

RSD Relative standard deviation

SDDTC Sodium diethyldithiocarbamate

Introduction

Trace metals are widely spread in environment so may
enter the food chain. Some trace metals are essential ele-
ments and play some important roles in human metabo-
lism. On the other hand, at high concentrations all met-
als are recognized as potentially toxic [1]. Therefore, the
study of heavy metals in the human diet is critical because
of these elements’ dual effect as being either essential or
toxic. Copper and zinc are typical metal ions in environ-
mental samples, having an important role in many physi-
ological functions and therapeutic applications [2]. How-
ever, high concentrations of these metal ions may be toxic
leading to side effects. In fact, the human body does not
have a good mechanism for the elimination of heavy met-
als; thus, chronic low-level intake can lead to damaging
effects [3]. High amounts of copper in the human body can
cause stomach and intestinal illnesses such as nausea, vom-
iting, diarrhea and stomach cramps [4]. The toxic effects of
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zinc are well known, and it plays an important role in the
progression of several damages to the human body, includ-
ing disturbances in energy metabolism or increase in oxi-
dative stress, growth retardation, altered immune response,
disturbed pregnancy, weight loss and anorexia [5]. Lead
is nonessential metal, and it is toxic, even in traces [6, 7].
In spite of great improvements in the sensitivity and selec-
tivity of modern instrumental analysis such as inductively
coupled plasma mass spectrometry (ICP-MS), inductively
coupled plasma optical emission spectrometry (ICP-OES)
and graphite furnace atomic absorption spectrometry
(GFAAS), difficulties still lie in the analysis of trace heavy
metals because of both their low abundance levels in the
samples and the high complexity of the sample matrices
[8]. Thus, extraction and preconcentration procedures are
required for elimination or at least minimization of matrix
effects and concomitants, lowering the detection limit of
many metals with different techniques and enhancing the
detect ability for many metals [9]. Several sample prepara-
tion methods have been developed for the determination of
trace heavy metals from various sample matrices, including
liquid-liquid extraction (LLE) [10-13], co-precipitation
[14-17], cloud point extraction (CPE) [18-22] and solid-
phase extraction (SPE) [23-27]. Nevertheless, these meth-
ods are time-consuming, tedious and often require large
amounts of samples and toxic organic solvents. Recently,
much attention is being paid to the development of minia-
turized, more efficient and environmentally friendly extrac-
tion techniques which could greatly reduce the organic sol-
vent consumption. Therefore, liquid-phase microextraction
(LPME) methods [28, 29] such as single-drop microextrac-
tion (SDME) [30] and hollow fiber liquid-phase microex-
traction (HF-LPME) [31, 32] were developed as solvent-
minimized sample pretreatment procedures. However,
these methods suffer from some disadvantages as follows:
fast stirring tends to form air bubbles, extraction is time-
consuming, and equilibrium can not be attained after a
long time in most cases. To overcome these disadvantages,
Rezaee et al. developed a novel liquid-phase microextrac-
tion technique termed dispersive liquid—liquid microextrac-
tion (DLLME) [33], which is based on a ternary component
solvent system. In this extraction method, very large sur-
face area between the fine droplets of an extraction solvent
and an aqueous sample is achievable, and the correspond-
ing fast extraction kinetic results in the rapid establishment
of equilibrium so high enrichment factors can usually be
obtained [34, 35]. DLLME have been developed for the
extraction and preconcentration of heavy metals [36—41].
In the conventional DLLME, the extraction solvent is dis-
persed into the aqueous sample solution with the aid of a
disperser solvent. Therefore, the presence of a disperser
solvent in aqueous sample solution makes it relatively non-
polar and results in an increased solubility of the target

@ Springer

lipophilic analytes into aqueous sample solution leading to
relatively low extraction efficiency. Farajzadeh et al. [42]
reported a new LPME method in which air was used to
assist in dispersion of the extraction solvent into aqueous
sample and called “air-assisted liquid—liquid microextrac-
tion method” (AALLME).

In this work, for the first time AALLME procedure was
developed for the extraction and preconcentration of Cu(Il),
Pb(II) and Zn(Il) from water samples. The main goal was
to investigate the potential applicability of air (instead of
dispersive solvent) as a driving force for better dispersion
of the extraction solvent in the aqueous phase in extract-
ing trace amounts of the heavy metals in water samples. In
the proposed method, a few microliters of an extraction sol-
vent is transferred into aqueous sample solution containing
a chelating agent and then the mixture is repeatedly sucked
into a glass syringe and then injected into a tube to achieve
a cloudy solutions resulting from dispersion of the extrac-
tion solvent into aqueous solutions. After centrifuging the
cloudy solution, the extracted heavy metals were settled
down in the bottom of the centrifuge tube and used for
GFAAS analysis.

Materials and methods
Reagents and solutions

A standard mixed stock solution of Cu(Il), Pb(Il) and
Zn(II) (each 10 mg L™') was prepared using analytical rea-
gent grade Cu(NO;),-6H,0, Pb(NO;), and ZnSO,.7H,O
(Merck, Darmstadt, Germany) by dissolving an appropri-
ate amount of each salt in double-deionized water. Work-
ing solution (200 ng L™') was prepared daily by diluting
the mix stock solution with deionized water (Ghazi Com-
pany, Tabriz, Iran). Aqueous standard solutions used to
construct calibration graphs were obtained by diluting
the mix stock standard solution. A mix standard solution
with a concentration of 26 ug L™ was also prepared and
injected into GFAAS each day (three times) for quality
control, and the obtained signal was also used to calculate
enrichment factors (EFs) and extraction recoveries (ERs)
of the analytes. Sodium phosphate monobasic (NaH,PO,),
sodium phosphate dibasic (Na,HPO,), ammonium chlo-
ride, ammonia, acetone, methanol and sodium chloride
were also purchased from Merck. Sodium diethyldithi-
ocarbamate (SDDTC) as chelating agent was purchased
from Fluka. The tested extraction solvents were obtained
from the following sources: chloroform, carbon tetrachlo-
ride, 1,2-dibromoethane (1,2-DBE) were from Merck, and
1,1,2-trichloroethane (1,1,2-TCE) as well as 1,1,2,2-tet-
rachloroethane (1,1,2,2-TCE) was from Janssen Chimica
(Belgium).
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Table 1 Instrument settings and furnace programs for the analysis of
Cu, Pb and Zn by GFAAS

Conditions Cu Pb Zn

Wavelength (nm) 324.8 283.3 307.6

Lamp current (mA) 15 20 20

Ar flow (mL min~!) 250 250 250

Injection volume (ul) 10 10 10

Heating program temperature °C [ramp time (s), hold time (s)]
Drying 1 110 (2, 20) 100 (20, 10) 110 (2, 20)
Drying 2 130 (5, 20) 190 (20, 10) 130 (5, 20)
Pyrolysis 1100 (10, 10) 900 (30,20) 1100 (10, 10)
Atomization 2000 (0, 5) 1600 (0, 5) 1900 (0, 5)
Cleaning 2500 (1, 3) 2400 (1,3) 24001, 3)

Real samples

Tap water was collected from the laboratory just before
analysis. Surface water was picked up from local area
(Tabriz, Iran). River water was collected from Mehranrood
River (Tabriz, Iran). They were directly subjected to the
extraction by the proposed AALLME method.

Instrumentation

The measurements were performed with a Shimadzu 6800
atomic absorption spectrometer (Japan) equipped with a
heated graphite tube atomizer. The instrument settings and
furnace programs for determination the extracted amount
of each element are described in Table 1. An ASC 6100
autosampler (Shimadzu, Japan) was used to deliver stand-
ard solutions and samples from the cup to the graphite tube.
The Hettich centrifuge, model D-7200 (Germany), was
used for acceleration of phase separation.

AALLME procedure

An amount of 6.0 mL of mix standard solution of Cu(II),
Pb(I) and Zn(I) (200 ng L") or real sample with pH 7
(adjusted by 100 mM phosphate buffer) was poured into a
10-mL glass centrifuge tube with conical bottom. 1,1,2,2-
TCE (115 nL) as extraction solvent and 4 % (w/v) NaCl
were added to the above solution. The mixture was sucked
into a 10-mL glass syringe and then injected into the tube
for eight times via the syringe needle. The mixture was
centrifuged at 5000 rpm for 6 min. The extraction sol-
vent droplets were sedimented at the bottom of the coni-
cal test tube, and its volume (35 + 2 pL) was measured
using a 50-uL microsyringe (zero dead volume, Hamil-
ton, Switzerland). In order to investigate the extraction
amount of the analytes, three 10-uL aliquots of the settled
phase were removed and separately injected into GFAAS.

The calibration graphs including ten points which were
obtained by analyzing aqueous standard solutions con-
taining the analytes at concentrations lying in the range of
45-1100 ng L.

Calculation of EF and ER

EF is defined as the ratio between the analyte concentration
in the sedimented phase (C,.4) and the initial concentration
of analyte (C) in the sample [43]:

EF = Cgeq/Co (1)

C,.q is obtained from a calibration graph. ER is defined as
the percentage of the total analyte amount (n,) which is
extracted to the sedimented phase (ng).

‘ Cuod x Vs Vv,
Msed 100 = =242 Ysed 100 = BF x ~¢ % 100
ng Co x Vaq aq

(2)

where V4 and V,, are the volumes of sedimented phase
and aqueous solution, respectively.

ER =

Results and discussion

The parameters being effective on the extraction process,
namely amount of chelating agent, nature and level of
extraction solvent, extraction numbers, salting-out effect,
sample volume, pH, centrifuge rate and time and coexisting
ions effect, were investigated and optimized.

Optimization of the furnace temperature program

Drying, ashing and atomization temperatures had an impor-
tant effect on the determination of Cu(Il), Pb(II) and Zn(II).
So, temperature effects on the signals of the analytes were
investigated and the results are shown in Fig. S1 in Elec-
tronic Supplementary Material (ESM). The optimum con-
ditions are listed in Table 1.

Effect of the concentration of SDDTC

SDDTC is a suitable chelating reagent that can react with
many metallic ions to form stable complexes. Because of
the multielement capability of the analysis, SDDTC was
selected as a nonspecific chelating agent [44, 45] for the
simultaneous determination of Cu(Il), Pb(Il) and Zn(II)
(Fig. 1) using the proposed AALLME preconcentration
technique. The amount of SDDTC can markedly effect
on the extraction efficiency. Therefore, the influence of
SDDTC concentration on the AALLME of Cu(Il), Pb(Il)
and Zn(Il) was evaluated in the concentration range of
2.0 x 107*-2.2 x 1073 mol L~', and the results are shown
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Fig. 1 Reaction of the selected C,Hs S

heavy metals with diethyldithio- /
carbamate; M = Cu, Pb and Zn 2t /
M7+ 2N C \
C,Hs S
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tetrachloride

Fig. 2 Effect of the chemical identity of extraction solvent in ERs of
the selected elements. Extraction conditions: sample, 6 mL deionized
water containing 200 ng L™! of Cu**, Pb*>* and Zn**; SDDTC con-
centration, 1.4 x 107 mol L™'; extraction numbers, 7 times; centri-
fuge rate, 5000 rpm; and centrifuge time, 5 min. The error bars repre-
sent standard deviations (n = 3)

in Fig. S2 in ESM. According to the results, ER increases
up to 1.4 x 1072 mol L' and then slightly decreases. It
can be assumed that this slight decrease in ER at high con-
centrations of SDDTC is due to the competitive extraction
of free SDDTC (i.e., the portion not participated in com-
plex formation) into the extraction solvent which can easily
saturate the low-volume extraction solvent and decrease its
capability for extracting the complexes.

Effect of type and volume of extraction solvent

The selection of an appropriate extraction solvent is of great
importance in the optimization of an AALLME process.
The extraction solvent has to fulfill some requirements:
heavier or lighter than water, low volatility, low solubil-
ity in water and high extraction efficiency toward the ana-
lytes. For this purpose, several extracting solvents includ-
ing chloroform, carbon tetrachloride, 1,2-DBE, 1,1,2-TCE
and 1,1,2,2-TCE were investigated. To achieve the same
volume of precipitated phase (35 £+ 2 uL), different vol-
umes of the selected extraction solvents were used. The
obtained volumes were 186, 179, 135, 159 and 115 pL for
chloroform, carbon tetrachloride, 1,2-DBE, 1,1,2-TCE and
1,1,2,2-TCE, respectively. The results (Fig. 2) showed that
1,1,2,2-TCE and 1,2-DBE are the most effective extraction
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solvents giving the highest extraction efficiency for the tar-
get analytes among the five solvents investigated. Due to
low consumption of 1,1,2,2-TCE compared to 1,2-DBE
(115 vs. 135 pL), it was selected as the extraction solvent
for the further experiments. In microextraction procedures,
the volume of extraction solvent is another important factor
that affects the extraction efficiency. Increasing the extrac-
tion solvent volume could increase the extracted amount of
analyte, whereas its concentration in the sedimented phase
will be diluted. To evaluate the effect of extraction sol-
vent volume on the extraction performance, different vol-
umes of 1,1,2,2-TCE (115-165 pnL) were tested. Analyti-
cal signals decreased by increasing volume of 1,1,2,2-TCE
due to dilution effect. But ERs of the analytes remain the
same for various extractant volumes in the range of 115—
165 pL (Fig. S3 in ESM). It is noted that based on Eq. 3,
by increasing V,,, while V,, is constant, ER% should be
increased.

ER% = b
Ty Vu 3)

Vo rg

[D: partition coefficient of the analyte; V,,: volume of aque-
ous phase; V,,,: volume of or%/amic phase][However, when
D is very high compared with
affect the ER%.

It was observed that by increasing volume of the extrac-
tion solvent from 115 to 165 pL, volume of the sedimented
phase increased from 35 to 77 pL. Therefore, use of low
volume of the extractant leads to high EFs and low detection
limits. In the case of ‘115 L of 1,1,2,2-TCE, the volume of
sedimented phase was less than 35 pL, by which the analy-
sis of the analytes was impossible (10 uL was required for
analysis of each analyte). Thereby, 115 pL of 1,1,2,2-TCE
was used as the extraction solvent in the subsequent experi-
ments to obtain 35 pL sedimented phase volume.

a

L increasing V., does not
g

Vo org

Effect of salt addition

In most cases, addition of a salt plays an important role in
the conventional extraction procedures. By increasing ionic
strength, the solubility of many analytes in aqueous solu-
tions decreases due to salting-out effect and this improves
the extraction efficiency of various extraction methods.
So ER is often increased in the presence of a salt. It was
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Fig. 3 Effect of NaCl addition on the ERs of Cu®*, Pb** and Zn*".
NaCl %, w/v, (1,1,2,2-TCE volume, pL); 0 (115), 2 (112), 4 (109),
6 (107), 8 (105), 12 (101); other conditions are the same as used in
Fig. 2. The error bars represent standard deviations (n = 3)

observed that by increasing the concentration of NaCl, the
volume of the sedimented phase diminished. This decrease
in volume is most probably due to increase in the density of
the aqueous phase with respect to the organic phase which
leads to transfer of a slight portion of the organic phase to
surface of the aqueous phase. Therefore, the experiments
were performed using different volumes of extraction sol-
vent to achieve 35 uL of the sedimented phase volume (115,
112, 109, 107, 105 and 101 pL for O, 2, 4, 6, 8 and 12 %,
w/v, NaCl concentration, respectively), while other experi-
mental parameters were constant. The extraction efficien-
cies relating to the extracted amount of the analytes against
NaCl concentration are presented in Fig. 3. The results
showed that with increasing the concentration of NaCl up
to 4 %, ER increased and then reached a plateau after that.
Regarding the extraction efficiency increasing with NaCl
concentration increasing, the salting-out effect is thought to
be responsible. Addition of salt increases the ionic strength
of the samples and makes complexes (element-SDDTC)
less soluble and forces it to migrate into the organic phase.
Therefore, 4 % (w/v) NaCl was used to ensure obtaining
analytes responses of the highest possible level.

Effect of sample solution volume

In order to study the effect of sample solution volume on
the extraction efficiency, it was investigated in the range
of 3-8 mL. The results (Fig. 4) proved that analytical sig-
nals increased by increasing the sample volume up to 6 mL
and then decreased at higher volumes. This is due to the
increase in EF of the analytes in the extract. However, more
increasing of sample size is not reasonable, because it pre-
vents the formation of organic phase drops. The volume of
sedimented phase was also decreased from 44 to 32 uL by
increasing the volume of aqueous phase from 3 to 8 mL.

OCu

ER (%)
3

B Pb
EZn

3 4 5 6 7 8
Sample volume (mL)

Fig. 4 Effects of sample volume on the ER of Cu?*, Pb>* and Zn**.
Extraction conditions: NaCl, 4 % (w/v); other conditions are the same
as used in Fig. 3. The error bars represent standard deviations (n = 3)

Due to high ER obtained, 6 mL was selected for the future
studies.

Effect of sample solution pH

The pH value of sample solution plays an important role in
the proposed procedure because it determines the chemical
form of analytes and functional groups of chelating groups
that can occur, and thus the extraction efficiency of the
target compounds can be influenced by pH. Extraction of
metallic ions by AALLME involves prior complex forma-
tion with sufficient hydrophobicity to be extracted into the
small volume of the extraction solvent. Therefore, the pH
of aqueous phase is one of the most important factors in
extraction of metallic ions from various media in the view
of formation of the related complex. The influence of the
pH on the ER of the selected heavy metals was investigated
in the pH range of 2.0-12.0, while the other experimental
conditions kept constant. The results are depicted in Fig. 5.
At low value of pH, the extraction efficiency of the analytes
is low. It may be attributed to the interaction of DDTC™
with hydronium ions rather than with the analytes [46]:

DDTC™ + H' < DDTCH 4)

ER increased with increasing solution pH from 2.0 to 6.0
and was effective in pHs 6.0 and 7.0. Further increasing pH
of aqueous solution led to decrease in ER of the analytes
probably due to hydrolysis of analytes [47—49]:

M2t + 2 0H™ < M(OH),M = Cu, Pb, Zn 5)

Therefore, the further works were performed at pH 7.0.
Optimization of numbers of extraction

In this study, the numbers of extraction is defined as the
numbers of repeatedly sucking extraction solvent and sample

@ Springer
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Fig. 5 Effect of sample pH on the enrichment performances. The
conditions are the same as used in Fig. 4. The error bars represent
standard deviations (n = 3)

solution mixture into a 10-mL glass syringe and then its
injecting into the test tube. To some extent similar to multiple
batch extraction, it is predictable that by increasing extrac-
tion numbers, recoveries should be increased, too. There-
fore, to reach the equilibrium status, the numbers of extrac-
tion was studied in the range of 2—-12 times. According to
the results (Fig. 6), by increasing extraction numbers, ER is
also increased till eighth extraction and then remains almost
constant. Hence, eight times of extraction was selected as the
optimum for the further studies. It is mentioned that this step
is very fast and consumes less than 1 min.

Optimization of centrifuging rate and time

Other parameters that may affect the extraction efficiency
are centrifuging rate and time. They were studied in the

OCu
EPb

ER (%)

EBZn

Extraction numbers

Fig. 6 Effect of extraction numbers on the ERs of Cu®*, Pb** and
Zn**. Extraction conditions: sample pH, 7.0; other conditions are the
same as used in Fig. 5. The error bars represent standard deviations
(n=3)
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ranges of 1000—8000 rpm and 2—8 min, respectively. There-
fore, two series of experiments were carried out. In one
set of experiments, a constant centrifugation time (5 min)
was selected, while its speed varied in the range of 1000-
8000 rpm. Another set of experiments were performed at
a constant centrifugation speed (5000 rpm), while the run
time varied (2-8 min). According to the results, 5000 rpm
and 6 min were selected as centrifuge rate and time,
respectively.

Effect of coexisting ions

The effect of common coexisting ions in natural water sam-
ples on the ER of the analytes was studied. In these exper-
iments, 6.0 mL of solution containing 200 ng L~! of the
analytes and various amounts of coexisting ions was treated
according to the recommended procedure. A given species
was considered to interfere if it resulted in a &5 % varia-
tion in the absorbance signal. The tolerable concentration
ratios of the coexisting ions to the analytes were found to
be as follows: 5000 for AI**, Cr**, Ca®*, Mg?*, K*; 2200
for Hg?"; 650 for Sn**, Fe’*, Cd**, Sn**; 400 for CO,*",
PO,’~; 200 for SO,*~; and 150 for Co*™, Ni**.

Analytical figures of merit

Under the optimized conditions, quantitative characteris-
tics, namely linear range (LR), squared determination coef-
ficient (r?), precision, limit of determination (LOD) and
limit of quantification (LOQ) of the analytes were evalu-
ated and are summarized in Table 2. The LODs values were
20.0, 26.0 and 18.0 ng L™! for Cu, Pb and Zn, respectively.
To evaluate repeatability of the method, extractions were
carried out on the six separate solutions at a concentra-
tion of 200 ng L™!. High EFs, low LODs and LOQs are
main advantages of the proposed method. The accuracy of
the proposed method was assessed with the measurement
of the analytes in NRCC-SLRS-4 Riverine water as cer-
tified references material. For analysis of Cu and Zn, the
certified reference material was diluted till 2.5-fold and
then adjusted to the proposed procedure. The certified and
observed values are given in Table 3. It was found that the
analyzed results were in good agreement with the certified
values.

Application of the proposed method to analysis of real
samples

To demonstrate the performance of the present method,
it was utilized to determine Cu, Pb and Zn concentra-
tion in different real water samples. Recovery studies
were also carried out after the samples were spiked with
known concentrations of the analytes at levels of 150, 250
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Table 2 Quantitative characteristic of the proposed TA-DLLME-GFAAS for the analysis of heavy metals

Analyte Calibration curve equation LR? (ng LY r?° LOD® (ng LY LOQd (ng L) RSD%®

ER + SDf EF + SD¢

Intra-day Inter-days

Cu Y =0.000511X + 0.00032 65.0-1100 0.997 20.0
Pb Y =0.000437X—0.00047  75.0-1100 0.997 26.0
Zn Y = 0.000699X—-0.00028  45.0-1000 0.996 18.0

45.0 2.5 3.6 95 +3 163 +4
45.0 2.3 32 93 +3 159 +4
45.0 2.7 3.8 97+3 166 £ 4

# Linear range
b Determination coefficient

¢ Limit of detection, S/N = 3

4 Limit of quantification, S/N = 10

€

f Extraction recovery =+ standard deviation (n = 3)

¢ Enrichment factor & standard deviation (n = 3)

Table 3 Analysis of the certified water reference material (SLRS-4)
for the determination of the Cu, Pb and Zn with the proposed AAL-
LME procedure

Element Certified value Found (ng L+ SD
(gL £ SD (n=23) (n=23)

Cu 1810 & 80 1682 + 48.8

Pb 86 +7 77.6 £2.3

Zn 930 £ 100 892.4 +29.5

and 350 ng L™!. The recoveries in comparison with those
obtained for deionized water at the same concentrations are
summarized in Table 4. The recovery values were ranged
from 89 to 97 %, which indicated that the matrix effect was
negligible.

Relative standard deviation (C = 20 ng L™1, n = 6) for intra-day and (C = 20 ng L™ 1, n = 4) for inter-days

Comparison of the proposed method with other
methods

Table 5 summarizes the analytical characteristics of some
other analytical methods along with those of the proposed
AALLME-GFAAS method for the extraction and determina-
tion of Cu, Pb and Zn in different real samples. Most of the
analytical characteristics of the proposed method were good
and comparable with those of the other reported methods. The
repeatability of the method is good, and RSD for the proposed
method is lower than those of some of the others. The most
spectral methods have LRs in the range of 2-3 orders of mag-
nitude. As it can be seen from the Table 5, except the second
method (SPME-HPLC-UV) which is a separation method,
other methods (spectral methods) have the similar LRs. Also,
the proposed method has the LRs in the anticipation ranges.

Table 4 Results of assays to check the samples matrices effect for the selected elements and concentrations of the detected analytes

Analyte Spiked amount Bottled mineral water

Surface water

River water

(ng L7 Found Recovery = S.D  Found Recovery £ S.D  Found Recovery + SD
(mgL™H+£SD (=3) mgL™H+SD (m=3) mgL™H+SD ®m=3)
(n=3) (n=3) (n=3)
Cu 0 N.D. - 77.1 £4.4 - 84.3 £3.1 -
150.0 1382 +£5.2 92 +4 134.6 £ 6.1 89 +4 218.1 £7.1 89+4
250.0 238.4 £ 8.1 95+3 303.1 £10.5 90 +4 3125+ 11.3 91 +4
350.0 332.2+£9.0 95+3 403.0£11.2 93+3 405.5 £ 14.0 922 +4
Pb 0 N.D. N.D. - 9544+72 -
150.0 1322 £ 6.1 93+4 136.5£5.2 91 +4 231.7 £ 8.8 90 +5
250.0 2324 £ 10.7 93+4 230.5+8.3 92+4 322.7£11.1 91 +4
350.0 340.5 £ 8.8 9743 3329+ 11.8 95+4 419.5 £ 15.0 93+4
Zn 0 N.D. - 51.1+1.6 - 73.1+£2.8 -
150.0 1393 +£42 93+3 189.8 +£59 92 +4 2093 £ 6.9 91 £4
250.0 238.1£7.0 95+3 289.5 £8.9 95+4 303.6 £9.0 92 +4
350.0 340.5 £ 8.8 9743 3864+ 11.2 96 + 3 402.4 +10.8 94+ 4
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Table 5 Comparison of the proposed AALLME-GFAAS method with other methods used in preconcentration and determination of Cu, Pb and

Zn
Analyte Method Extraction solvent Extraction time LR (ug L™") LOD (ugL™") LOQ(ugL™") RSD EF References
(volume, pL) (min)
Cu On-line SPE— 2mol L' HNO;  >11 250-5000 0.16 - 1.9 80
(5000-10,000)
Zn FAAS 20-1000 0.27 - 2.8 80 [50]
Pb 500-10,000 0.6 - 30 80
Cu SPME-HPLC-UV Nonbonded 35 100-500,000 1 - 023 - [51]
PDMS fiber
Cu DLLME-SFO- 1-undecanol '8 1.25-250 0.2 - 6.7 93 [52]
ICP-OES (140 uL)
Cu Closed vessel HNO; (6000), 20 7.5-100 pgkg™' 220pugkg™' 7.34pgkg™t 37 - [53]
Pb microwave H,0, (2000)
digestion-
GFAAS
3-80 pg kg™ 0.81 ugkg™' 2.69ugkg™! 3.4
Cu DLLME-ICP- Carbon tetrachlo- >5 1.0-100 0.23 0.77 25 9 [41]
OES ride (113)
Zn 1.0-1000 0.55 1.83 21 9
Cu Direct injection - 40 1.5-80 0.64 1.28 24 - [54]
-GFAAS
Microemulsion-  Propan-1-ol - 1.6-100 1.58 3.15 1.7 -
GFAAS (1000) and
0.1 % v/vHNO,
(600)
0.5-80 0.26 0.52 57 -
Pb Direct injection - 40 2.9-150 2.9 5.80 30 -
-GFAAS
Microemulsion- Propan-1-ol
GFAAS (1000) and
0.1 % v/vHNO,
(600)
Cu DLLME-GFAAS Carbon tetrachlo- >5 10-250 2.6 - 1.6 180 [55]
ride (200)
Pb DLLME-GFAAS  I-undecanol (80) “10 min 0.005-0.05 0.0013 7.2 800 [56]
Cu SPE-FAAS 1 mol L"'HNO; 30 min 60-6000 0.2 - 2.0 100 [27]
in acetone
(7500)
Pb 150-12,000 0.45 - 4.8 100
Zn 50-2000 0.15 - 5.6 100
Cu AALLME- 1,1,2,2-TCE 8 0.065-1.1 0.02 0.045 2.5 163 This work
GFAAS (115 uL)
Pb 0.075-1.1 0.026 0.045 2.3 159
Zn 0.045-1.0 0.018 0.045 2.7 166

Therefore, the LRs of the method are comparable with those
of the other reported related methods. Other advantages of the
method compared to others are: low LOD and LOQ.

Conclusions

In this study, for the first time a developed microextrac-
tion technique, namely AALLME coupled with GFAAS,

@ Springer

was used for preconcentration and determination of Cu,
Pb and Zn in aqueous samples. The method is rapid, pre-
cise, efficient and sensitive. In the proposed method, much
less volume of an organic solvent (at uL order) was used as
the extraction solvent in the absence of disperser solvent.
Finally, the proposed method was successfully applied for
the determination of the target analytes in different real
aqueous sample. The results indicated that this extraction
procedure was noticeable due to its outstanding advantages
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including minimum organic solvent consumption, simplic-
ity, low cost, rapidness, high efficiency and environmen-
tally friendly.
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