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proposed method, expressed as relative standard devia-
tion, ranged from 2.3 to 4.6 and 4.5–5.6% for intra- and 
inter-day (n = 6, C = 50 ng L−1) precisions, respectively. 
Moreover, the detection limits and enrichment factors of the 
selected analytes were obtained in the ranges of 6.2–12 and 
139–150 ng L−1, respectively. 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 for the simultane-
ous analysis of the selected analytes in environmental water 
and fruit juice samples. The relative recoveries obtained for 
the analytes in the spiked samples were within in the range 
of 84–107%.

Keywords Dispersive liquid–liquid microextraction · 
Environmental water · Fruit juice · Graphite furnace atomic 
absorption spectrometry · Heavy metals

Abbreviations
AALLME  Air-assisted liquid–liquid 

microextraction
1,2-DBE  1,2-Dibromoethane
DLLME  Dispersive liquid–liquid 

microextraction
ER  Extraction recovery
GFAAS  Graphite furnace atomic absorption 

spectrometry
LLE  Liquid–liquid extraction
LPME  Liquid-phase microextraction
LOD  Limit of detection
LOQ  Limit of quantification
MSPD  Matrix solid-phase dispersion
RSD  Relative standard deviation
SALLME  Salt-assisted liquid–liquid 

microextraction

Abstract In the present work, a new microextraction 
technique, namely in situ-produced  CO2-assisted disper-
sive liquid–liquid microextraction was introduced for the 
extraction and preconcentration of cobalt, nickel, and copper 
from aqueous samples followed by graphite furnace atomic 
absorption spectrometry detection. The proposed method 
relies on the  CO2 gas produced due to a chemical reaction 
as the disperser agent instead of the disperser solvent used 
in the conventional dispersive liquid–liquid microextraction. 
Initially, a solid mixture of tartaric acid and sodium bicarbo-
nate was placed in the bottom of a dry conical glass test tube. 
Then µL level of 1,1,2,2-tetrachloroethane as the extraction 
solvent was added into the tube. An aqueous solution of 
the analytes containing sodium diethyldithiocarbamate (as 
chelating agent) was transferred into the tube. The reaction 
between tartaric acid and sodium bicarbonate was immedi-
ately occurred, and the produced  CO2 led to dispersion of 
the extraction solvent as tiny droplets into the sample which 
resulted in extraction of the analytes into the organic solvent. 
The cloudy solution was centrifuged, and the sedimented 
phase was analyzed by the instrumental analytical method. 
Under the optimum conditions, the calibration curves were 
linear in the ranges of 20–300, 20–200, and 15–250 ng L−1 
for  Co2+,  Ni2+, and  Cu2+, respectively. Repeatability of the 
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SDDTC  Sodium diethyldithiocarbamate
SPE  Solid-phase extraction
SPME  Solid-phase microextraction
SBSE  Stir bar sorptive extraction
1,1,2,2-TCE  1,1,2,2-Tetrachloroethane
1,1,2-TCE  1,1,2-Trichloroethane
UDSA–DLLME  Up-and-down shaker-assisted disper-

sive liquid–liquid microextraction

Introduction

Heavy metal ions are present in the environment at rela-
tively low concentrations. They are widely used in vari-
ous industries, while at the same time they are important 
pollutants of the environment due to their toxic effect 
on human health. Cobalt, nickel, and copper are typical 
metal ions present in the environmental samples and have 
important roles in many physiological functions. However, 
high concentrations of these metal ions may be toxic and 
lead to side effects. The ingestion of relatively large doses 
of cobalt may cause toxic effects [1]. It may give rise to 
several health problems such as paralysis, diarrhea, low 
blood pressure, lung irritation, and bone defects. The toxic 
effects of nickel are well known, and it is also consid-
ered as one of the most common causes of allergic contact 
dermatitis and respiratory system diseases [2, 3]. High 
amounts of copper in human body can cause stomach and 
intestinal illnesses such as nausea, vomiting, diarrhea, and 
stomach cramps [4]. It is noteworthy to mention here that 
the metals contents in water can provide essential infor-
mation on the level of contamination in their surround-
ing environment. Different analytical techniques have 
been used for determination of heavy metals in different 
samples. Prior to measurement of low concentrations of 
heavy metals in a complex matrix, performing separation 
and preconcentration techniques are inevitable in order 
to eliminate or minimize matrix effects which lead to 
lower detection limits and improved sensitivity of detec-
tion techniques. Liquid–liquid extraction [5] and solid-
phase extraction [6] are the most conventional techniques 
suffering from several shortcomings such as use of large 
amounts of toxic organic solvents, and being expensive, 
time-consuming, and environmentally unfriendly. Modern 
trends in analytical chemistry are toward the development 
of new methods which offers such advantages as being 
fast, cheap, and performing in miniaturized scale leading 
to reduction in solvent and material usage. Cloud point 
extraction [7], solid-phase microextraction [8], matrix 
solid-phase dispersion [9], stir-bar sorptive extraction 
[10], and liquid-phase microextraction (LPME) methods 
[11] such as single-drop microextraction [12] and hollow-
fiber LPME [13, 14] have been developed to overcome 

drawbacks of the classical extraction methods. The micro-
extraction techniques are non-exhaustive extractions, and 
therefore they are time-dependent. The minimal extraction 
solvent or sorbent applied in a single attempt is not suf-
ficient to completely extract the analytes. However, this 
weakness is also the competitive advantage of microex-
traction techniques, where the minimal solvent or sorbent 
employed enhances the analyte enrichment. Assadi et al. 
[15] developed a novel liquid-phase microextraction tech-
nique in 2006 termed dispersive liquid–liquid microextrac-
tion (DLLME) which is based on a ternary component 
solvent system and applies dispersive concept to over-
come the long extraction time problem encountered in the 
microextraction techniques. In this extraction method, very 
large surface area between the fine droplets of an extrac-
tion solvent and an aqueous sample is achieved, and the 
corresponding fast mass transfer kinetic results in the rapid 
establishment of equilibrium. DLLME has been widely 
used for the extraction and preconcentration of heavy met-
als [16–19]. DLLME offers outstanding advantages such 
as easy operation, rapidity, low sample volume, low cost, 
and high EFs. In conventional DLLME, an extraction sol-
vent is dispersed into an aqueous sample solution with 
the aid of a disperser solvent. The presence of relatively 
high volume of the disperser solvent (usually 1–2 mL for a 
5-mL aqueous sample) makes the aqueous phase relatively 
nonpolar and results in an increased solubility of the target 
lipophilic analytes into the aqueous sample solution lead-
ing to relatively low extraction efficiency. Therefore, some 
alternatives to the conventional DLLME such as up-and-
down shaker-assisted DLLME [20], ultrasonic-assisted 
DLLME [21], pressure-assisted dispersive microextrac-
tion [22], air-assisted liquid–liquid microextraction [23], 
vortex-assisted DLLME [24, 25], effervescence assisted 
dispersive liquid–liquid microextraction [26, 27], and salt-
assisted liquid–liquid microextraction [28, 29] have been 
proposed.

The goal of the present study was to develop a sim-
ple and rapid microextraction method that can extract the 
selected heavy metals. In this method, the disperser solvent 
was replaced by  CO2 gas produced in situ. In the proposed 
method, despite conventional DLLME methods, the use of 
mL volume of an organic disperser solvent was avoided, 
and the dispersion state was done by  CO2 as a disperser 
resulted from the reaction between tartaric acid and sodium 
bicarbonate. It provided an efficient dispersion of the extrac-
tion solvent into the aqueous phase by creating numerous 
microdrops of the extractant, and led to good extraction 
efficiency. Then, the obtained cloudy solution was centri-
fuged and the extraction solvent containing the analytes 
was settled down at the bottom of a conical test tube. To 
investigate the efficiency of the method, 10 µL of the settled 
phase was removed and injected into graphite furnace atomic 
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absorption spectrometry (GFAAS). The influence of differ-
ent operational parameters on the extraction performance 
of the target analytes was systematically investigated and 
optimized.

Materials and methods

Reagents and solutions

A mixture stock solution of Co(II), Cu(II), and Ni(II) 
(10 mg L−1 of each) was prepared from analytical rea-
gent grade Co(NO3)2·6H2O, Cu(NO3)2·6H2O, and 
Ni(NO3)2·6H2O (all from Merck, Darmstadt, Germany) 
by dissolving appropriate amount of each salt in deionized 
water (Ghazi Company, Tabriz, Iran). A working standard 
solution (50 ng L−1 of each) was prepared daily by dilut-
ing the stock solution with deionized water. Also a mixture 
standard solution with a concentration of 0.1 mg L−1 of each 
analyte was prepared and injected into GFAAS each day 
(three times) for quality control, and the obtained signals 
were used to calculate EFs and extraction recoveries (ERs) 
of the analytes. Sodium diethyldithiocarbamate (SDDTC), 
a chelating agent, was purchased from Fluka (Buchs, Swit-
zerland). Tartaric acid, sodium bicarbonate, carbon tetra-
chloride, chloroform, 1,2-dibromoethane (1,2-DBE), sodium 
hydroxide, and sodium chloride were also from Merck. 
1,1,2-Trichloroethane (1,1,2-TCE) and 1,1,2,2-tetrachloro-
ethane (1,1,2,2-TCE) were from Janssen Chimica (Beerse, 
Belgium).

Real samples

Well water sample was collected from suburb of Tabriz (East 
Azarbaijan province, Iran). River water was collected from 
Mehranrood River (Tabriz, Iran). Grape and apple juice 
samples were supplied from local supermarkets (in Tabriz, 
Iran). All of the real samples were directly subjected to the 
extraction method without any pretreatment.

Instrumentation

The measurements were performed with a Shimadzu 6300 
atomic absorption spectrometer (Kyoto, Japan) equipped 
with a heated graphite tube atomizer. The instrument set-
tings and optimized furnace programs for determination of 
the analytes are listed in Table 1. Cobalt, nickel, and copper 
hollow-cathode lamps (Hamamatsu Photonics, Shizuoka, 
Japan) were used as radiation sources. An ASC 6100 autosa-
mpler (Shimadzu, Kyoto, Japan) was used to deliver stand-
ard solutions and samples from the cup to the graphite tube. 
A Hettich centrifuge, model ROTOFIX 32A (Kirchlengern, 
(Germany), was used for accelerating phase separation.

Procedure

Initially, 30 mg tartaric acid and 120 mg sodium bicarbo-
nate were mixed and placed into a dry 10-mL glass tube 
with a conical bottom. Then 43 µL of the extraction solvent, 
1,1,2,2-TCE, was added into the mixture. Five milliliters 
of the standard solution (50 ng L−1 of each analyte) or real 
sample (pH 4–7) containing SDDTC (2.5 × 10−3 mol  L−1) 
as the chelating agent was transferred into the tube. Upon 
presence of the aqueous solution, the reaction between tar-
taric acid and sodium bicarbonate was triggered and the 
produced  CO2 led to dispersion of the extraction solvent as 
tiny droplets into the aqueous solution and a cloudy solution 
was formed. After centrifugation for 5 min at 5000 rpm, 
the fine droplets of organic phase containing the extracted 
analyte–SDDT complexes were sedimented at the bottom of 
the tube. Volume of the sedimented phase (33 ± 1 μL) was 
measured using a 50-μL microsyringe (zero dead volume, 
Hamilton, Switzerland). In order to investigate the extracted 
amount of the analytes, three 10 μL aliquots of the settled 
phase were removed and separately injected into GFAAS.

Calculation of EF and ER

EF is defined as the ratio between the analyte concentration 
in the sedimented phase (Csed) and the initial concentration 
of the analyte (C0) in the sample:

Csed is obtained from a calibration graph. ER is defined as 
the percentage of the total analyte amount  (n0) which is 
extracted to the sedimented phase (nsed).

(1)EF = Csed∕C0

(2)

ER =
nsed

n0

× 100 =
Csed × Vsed

C0 × Vaq

× 100 = EF ×
Vsed

Vaq

× 100

Table 1  Instrument settings and furnace programs for analysis of Co, 
Ni and Cu by GFAAS

Conditions Cu Co Ni

Wavelength (nm) 324.8 240.7 232.0
Lamp current (mA) 15 20 25
Ar flow (mL min−1) 250 250 250
Injection volume (µL) 10 10 10
Heating program temperature  °C [ramp time (s), hold time (s)]
 Drying 1 150 (20, 0) 110 (20, 0) 110 (20, 0)
 Drying 2 250 (10, 0) 250 (10, 0) 250 (10, 0)
 Pyrolysis 1 900 (10, 0) 1000 (10, 0) 1000 (10, 0)
 Pyrolysis 2 1200 (0,13) 1300 (0,13) 1300 (0,13)
 Atomization 2000 (0, 2) 2300 (0, 2) 2150 (0, 2)
 Cleaning 2200 (0, 2) 2400 (0, 2) 2250 (0, 2)
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where Vsed and Vaq are the volumes of sedimented phase and 
aqueous solution, respectively.

Results and discussion

In order to investigate the effect of experimental condi-
tions on the extraction efficiency of the proposed method, 
the effect of varying different parameters were optimized. 
It should be mentioned that optimization of the procedure 
was carried out using 5 mL deionized water spiked with 
50 ng L−1 of each heavy metal.

Optimization of furnace temperature program

Drying, ashing, and atomization temperatures have impor-
tant effects on the determination of cations with GFAAS. 
So, the effect of these temperatures on the analytical signals 
was investigated, and the results are shown in Fig. S1 in 
Electronic Supplementary Material (ESM). The optimum 
conditions are listed in Table 1.

Optimization of the amount of tartaric acid and sodium 
bicarbonate

In order to study the effect of these parameters, first, the 
extraction recovery of the analytes was investigated in 
the presence of different weight ratios of tartaric acid and 
sodium bicarbonate (mg:mg; 2:18, 3:17, 4:16, 5:15, 6:14, 
and 7:13) with the total weight kept constant (200 mg). The 
results depicted in Fig. S2 in ESM showed that the ratio 
4:16 (tartaric acid and sodium bicarbonate) provides the 
most effective condition resulting in the highest extraction 
efficiency for all analytes. The total weight of the mixture 
is another important factor that can affect the extraction 
efficiency. By taking into account the optimized ratio of 
tartaric acid and sodium bicarbonate in the previous step, 
the total weight of the mixture was varied in the range of 
100–600 mg. The results (Fig. S3) showed that the ERs 
increase up to 150 mg and then decrease gradually. There-
fore, 30 mg of tartaric acid and 120 mg of sodium bicarbo-
nate were selected as the optimum amounts for the subse-
quent experiments.

Study the effect of SDDTC to the analyte ratios

SDDTC is a suitable chelating reagent that can react with 
many metallic ions to form stable complexes. It was selected 
as a nonspecific chelating agent in order to achieve mul-
tielement analysis so that simultaneous determination of 
Co(II), Ni(II), and Cu(II) using the proposed technique could 
become possible. The influence of the ratio of SDDTC to the 
analytes (w/w) on the ERs of Co(II), Ni(II), and Cu(II) was 

evaluated in the range of 3.4 × 106–13.6 × 106 (w/w). The 
results shown in Fig. S4 reveal that the ERs are increased by 
increasing the ratio up to 8.5 × 106 and thereafter remained 
nearly constant. Therefore, the ratio of 8.5 × 106 was chosen 
as the optimum ratio in the extraction of the selected heavy 
metal ions.

Selection of extraction solvent

The selection of a suitable extraction solvent is of great 
importance for the optimization of a DLLME-based proce-
dure. The extraction solvent has to fulfill some requirements: 
It has to be lighter or heavier than water, be of low solubility 
in water, show high extraction efficiency toward the analytes, 
and should be easily dispersed into aqueous phase during 
the dispersing step. Based on these requirements, differ-
ent volumes of carbon tetrachloride, chloroform, 1,2-DBE, 
1,1,2-TCE, and 1,1,2,2-TCE were (separately) tested to give 
33 ± 1 μL of the sedimented organic phase. The used vol-
umes were 56, 80, 43, 48, and 43 µL for carbon tetrachloride, 
chloroform, 1,2-DBE, 1,1,2-TCE, and 1,1,2,2-TCE, respec-
tively. Figure 1 shows the effect of extraction solvent type on 
the extraction efficiency of the analytes. As it can be seen, 
1,1,2,2-TCE has the highest extraction efficiency with low 
consumption of organic solvent (43 µL) among the tested 
solvents. So it was selected as the extraction solvent for the 
subsequent experiments.

Optimization of extraction solvent volume

The volume of 1,1,2,2-TCE is another important factor that 
affects the extraction efficiency. With the aim of obtaining 
the optimal volume of the extraction solvent, different vol-
umes of 1,1,2,2-TCE were used. According to the results 
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Fig. 1  Effect of extraction solvent type on the extraction efficiency 
of the method. Extraction conditions: sample, 5 mL deionized water 
containing 50 ng L−1 of  Co2+,  Cu2+ and  Ni2+ (each cation); SDDTC 
concentration, 2.5 × 10−3 mol L−1; extraction solvent (volume), 1,2-
DBE (43  µL); temperature, 20  °C; centrifuge rate, 5000  rpm; and 
centrifuge time, 5 min. The error bars represent standard deviations 
(n = 3)
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(Fig. S5) by increasing the volume of 1,1,2,2-TCE the ana-
lytical signals decreased. Increasing the 1,1,2,2-TCE volume 
would increase the extracted amount of analytes, whereas 
their concentration in the sedimented phase will be more 
dilute. This behavior was observed for all of the studied cati-
ons, and in all cases the highest extraction efficiency was 
observed at 43 µL. It is worth noting here that in cases where 
˂ 43 µL of 1,1,2,2-TCE was used, the volume of the sedi-
mented phase was < 33 µL, by which the analysis of three 
analytes was impossible regarding to the fact that 10 µL of 
the sedimented phase was required for each analysis. Hence, 
a volume of 43 µL was selected as the optimal value for 
1,1,2,2-TCE to carry out the subsequent steps.

Study the effect of sample solution pH

Extraction of the heavy metals by the proposed method 
involves prior formation of a complex (the cation–SDDTC 
complex) with sufficient hydrophobicity which is to be 
extracted into the small dispersed tiny droplets of the 1,1,2,2-
TCE. Therefore, the pH of the aqueous phase is one of the 
most important factors in the extraction of Co(II), Ni(II), 
and Cu(II) from aqueous solution in view of the extent of 
formation of their corresponding complexes. The influence 
of pH on the ERs of the analytes was investigated in the pH 
range of 2.0–12.0 by adding appropriate amounts of 1 M 
hydrochloric acid or sodium hydroxide solutions. Accord-
ing to the results in Fig. 2, at pH 2, the ERs of the ana-
lytes are low which may be attributed to the interaction of 
SDDTC with hydronium ions rather than with the analytes. 
The ERs increase with increasing pH and they reach a maxi-
mum at pHs 4–7. It is in agreement with the previous papers 
[30–34]. Decrease in ERs in alkaline pHs is probably due to 
the precipitation of the cations in the solution. The reason-
able ERs for the target cations were obtained at pH range 

of 4–7, and the pH of the samples used was in this range. 
Therefore, the original aqueous samples were used without 
any pH adjustment.

The effect of ionic strength

From the theoretical point of view, increasing of ionic 
strength could show two opposing effects on the extraction 
efficiency: (1) salting-out effect, which normally favors the 
extraction efficiency, and (2) increasing viscosity of the 
aqueous phase which leads to a decrease in diffusion coef-
ficients and ERs. The effect of ionic strength of the aqueous 
phase on the extraction efficiency was evaluated by adding 
various amounts of sodium chloride into the aqueous phase 
in the range of 0–15% (w/v). The results (Fig. S6) indicated 
that salt addition has no considerable effect on the extraction 
recoveries in the mentioned range. Hence the subsequent 
studies were performed without deliberate manipulation of 
the ionic strength.

Investigating the effect of temperature of the solution

Temperature is another effective parameter on the efficiency 
of the extraction with the proposed method. High tempera-
tures could affect the reaction of tartaric acid and sodium 
bicarbonate and result in better dispersion of 1,1,2,2-TCE 
by the produced  CO2 and the reaction between the studied 
cations and the complexing agent can also be affected by 
the temperature. Furthermore, mass transfer is an important 
phenomenon and plays a key role in the extraction methods. 
Altering the temperature can make it possible to improve 
the mass transfer. It is mentioned that temperature can also 
affect the solubility of the extraction solvent into the aque-
ous phase and subsequently the volume of the collected 
phase after performing the method. Therefore, the effect of 

Fig. 2  Study of sample pH 
on the ERs of the analytes. 
Extraction conditions: SDDTC 
concentration: 2.5 mM. Other 
conditions are the same as used 
in Fig. 1. The error bars repre-
sent standard deviations (n = 3)
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temperature on the ERs of the analytes was evaluated in the 
range of 25–75 °C. Figure 3 shows that the ERs increase 
with increasing the temperature from 25 to 45 °C. How-
ever, when the temperature of the solution is larger than 
45 °C, the ERs decrease probably due to faster escape of 
the produced  CO2 gas from the solution at higher tempera-
tures. Also the volume of the collected organic phase was 
relatively constant at the tested temperatures. It seems that 
high concentrations of the ions produced from dissolution 
of the solids (sodium bicarbonate and tartaric acid) avoided 
most dissolving of the organic solvent into the aqueous solu-
tion at the high temperatures. Hence, calibration graphs and 
other analytical characteristic of the proposed method were 
investigated at 45 °C.

Centrifugation time and rate

Centrifugation is usually used to accelerate the collection of 
extractant droplets at the bottom or on the top of the aque-
ous sample depending on the fact that which one is denser: 
the organic solvent or the aqueous phase. In this study, after 
dispersion of 1,1,2,2-TCE by the produced  CO2, the equilib-
rium status could be achieved in a few seconds due to large 
contact area between tiny droplets of the extraction solvent 
and the sample. Therefore, centrifugation was only used to 
help to make the cloudy solution clear by separating tiny 
droplets of 1,1,2,2-TCE and making them to settle at the 
bottom of the conical tube. To study the effect of centrifuga-
tion rate and time on the ERs of the analytes, two series of 
experiments were carried out: (a) first, a constant centrifuga-
tion time (6 min) was selected, while the speed varied in the 
range of 3000–8000 rpm, and (b) other experiments were 
performed at the selected optimum centrifugation speed 
(5000 rpm), while the run time was varied between 2 and 

10 min. According to the obtained results (Fig. S7), centrifu-
gation rate and time of 5000 rpm and 5 min, respectively, 
were selected.

Effect of coexisting ions

Common coexisting ions in real samples can affect complex-
ation and consequently extraction efficiency of the analytes. 
Therefore, the effect of these ions on the ERs of the selected 
analytes was studied. For this purpose, 5.0 mL aqueous solu-
tion containing 50 ng L−1 of each analyte and various con-
centrations of coexisting ions was treated according to the 
recommended extraction procedure. A given species was 
considered to interfere if it resulted in a ± 5% variation in 
the analytical signal. The tolerable concentration ratios of 
the coexisting ions to the analytes are shown in Table 2. The 
results show that the proposed method can be used without 
significant interferences from the mentioned coexisting cati-
ons and anions.

Analytical figures of merit

Under the optimized conditions, quantitative characteristics 
of the method, namely limit of detection (LOD), limit of 
quantification (LOQ), linear range (LR), correlation coef-
ficient of the calibration curve (r2), and precision as rela-
tive standard deviation (RSD), were evaluated in order to 
determine efficiency of the method in analysis of the target 
analytes in the aqueous samples. The results are summarized 
in Table 3. It can be observed that RSD values were equal 
to or less than 6% for intra- and inter-day precisions which 
indicate acceptable repeatability of the proposed method. 
The LODs calculated as 3sB/m (sB and m are the standard 
deviation of the blank, and the slope of the calibration graph, 

Fig. 3  Effect of temperature 
on the ERs of the cations. The 
experimental conditions are 
the same as in Fig. 2 without 
pH adjustment. The error bars 
represent standard deviations 
(n = 3)
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respectively) were between 6.2 and 12 ng L−1. The EFs and 
ERs for the selected cations were calculated and found to 
be in the ranges of 139–150 and 92–99%, respectively. The 
accuracy of the proposed method was assessed with the 
measurement of the analytes in NRCC-SLRS-4 Riverine 
water as a certified reference material. For analysis of  Ni2+ 
and  Cu2+, the certified reference material was diluted 12-fold 
with deionized water and then subjected to the proposed 
procedure. The certified and observed values are given in 
Table 4. The student t test was applied to compare the certi-
fied and the obtained values. The obtained results are listed 
in Table 4. It can be seen that a good agreement between 
the determined values and the certified values are obtained.

Comparison of the developed method with other 
methods

Table 5 shows figures of merit of the proposed method 
together with those of other methods reported for analysis 

of the studied cations in different matrices. As it can be seen, 
the LRs and LODs of the proposed method are better than 
the reported methods (except first method). In addition, the 
repeatability and reproducibility of the method is good and 
its RSDs are lower than or equal (second method) to those 
obtained by other methods. Also, the presented method 
greatly reduces volume of the organic solvent compared to 
other mentioned DLLME-based procedures (except second 
method) considering the dispersion state. It is noted that in 
the cases of the second method, ultrasonication was used 
instead of disperser solvent to disperse extraction solvent 
into aqueous sample. This needs an additional device and 
may decompose the analytes in sonification. These results 
reveal that the presented method is sensitive, simple, rapid, 
and repeatable and can be used for preconcentration and 
determination of ultra-trace amounts of  Co2+,  Ni2+, and 
 Cu2+ in aqueous samples.

Real sample analysis

To evaluate applicability of the proposed method, it was 
used for the analysis of the studied cations in real samples 
including well water, river water, apple juice, and grape 
juice. All samples were extracted and analyzed according 

Table 2  Tolerance limit of 
interferent/analyte ratios of 
coexisting ions in determination 
of Co, Ni, and Cu (50 ng L−1) 
by using the proposed method

Species Tolerance limit of 
interferent/analyte 
ratio

Co2+ Ni2+ Cu2+

Cd2+ 400 400 500
Pb2+ 200 500 800
Fe3+ 550 600 500
Hg2+ 500 650 500
Zn2+ 650 350 400
Al3+ 700 500 550
Cr3+ 600 200 150
SO4

2− 650 1100 500
NO3

− 450 450 550
Cl− 1100 1150 1000

Table 3  Quantitative 
characteristics of the in situ-
produced  CO2-assisted 
DLLME–GFAAS for the 
analysis of  Co2+,  Ni2+, and 
 Cu2+

a  Linear range
b  Coefficient of correlation
c  Limit of detection
d  Limit of quantification
e  Relative standard deviation (C = 50 ng L−1, n = 6) for intra-day and (C = 50 ng L−1, n = 6) for inter-day 
precisions
f  Extraction recovery ± standard deviation (n = 3)
g  Enrichment factor ± standard deviation (n = 3)

Analyte LRa (ng  L−1) r2b LODc (ng L−1) LOQd 
(ng 
 L−1)

RSD%e ER ± SDf EF ± SDg

Intra-day Inter-days

Co2+ 20–300 0.993 8.0 15 4.6 5.1 98 ± 4 148 ± 6
Ni2+ 20–200 0.991 12 20 4.5 5.6 92 ± 4 139 ± 6
Cu2+ 15–250 0.999 6.2 10 2.3 4.5 99 ± 2 150 ± 4

Table 4  Analysis of the certified reference material (NRCC-SLRS-4) 
for the determination of the  Co2+,  Ni2+, and  Cu2+ with the proposed 
in situ-produced  CO2-assisted DLLME–GFAAS method

a  t0.05,2 = 4.30

Cation Certified value 
(ng L−1) ± SD (n = 3)

Found 
(ng L−1) ± SD 
(n = 3)

t  testa

Co2+ 33 ± 8 36 ± 3 0.05
Ni2+ 670 ± 80 636 ± 41 1.02
Cu2+ 1810 ± 80 1886 ± 55 1.69
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to the method described in “Procedure” section. To evalu-
ate matrix effect, relative recoveries were calculated for 
real samples spiked at three concentration levels (25, 50 
and 100 ng  L−1). It was done by comparing the absorb-
ances obtained when the extraction method was performed 
on real samples and deionized water (all spiked at the same 
concentrations).The obtained relative recoveries (Table 6) 
were between 84 and 107% which indicated that matrices 
of the real samples had tolerable effect on the result of the 
proposed method.

Conclusion

In this study, a new microextraction technique namely 
in  situ-produced  CO2-assisted DLLME coupled with 
GFAAS was used for extraction and preconcentration and 
determination of  Co2+,  Ni2+, and  Cu2+ in aqueous sam-
ples at ng L−1 level. In the proposed method, much less 
volume of an organic solvent (at μL level) is used as the 
extraction solvent in the absence of disperser solvent. The 
 CO2 produced from the reaction between tartaric acid and 
sodium bicarbonate was used to disperse the extraction sol-
vent as tiny droplets into aqueous sample solution with the 

Table 5  Comparison of the proposed method with other methods used in preconcentration and determination of  Co2+,  Ni2+, and  Cu2+

a  Linear range
b  Limit of detection
c  Relative standard deviation
d  Enrichment factor
e  Dispersive liquid–liquid microextraction based on solidification of floating organic drop –graphite furnace atomic absorption spectrometry
f  Ultrasound-assisted surfactant-enhanced emulsification microextraction
g  Dispersive liquid-phase microextraction

Analyte Method Dispersion LRa (µg L−1) LODb (µg L−1) RSDc (%) EFd References

Co2+ DLLME–SFOD–GFAASe Ethanol (1.5 mL) 5.0–55 0.0013 7.2 800 [18]
Ni2+ 5.0–40 0.0013 7.2 800
Co2+ UASEME–GFAASf Ultrasound 0.1–5 0.0156 4.3 58 [35]
Co2+ DLPMEg–GFAAS Acetone (1.00 mL) 10–250 0.021 7.5 101 [36]
Ni2+ 0.033 8.2 200
Co2+ In situ-CO2 disperser-LLME–GFAAS Produced  CO2 gas 0.02–0.30 0.008 4.6 148 This study
Ni2+ 0.02–0.20 0.012 4.5 139
Cu2+ 0.015–0.25 0.006 2.3 150

Table 6  Results of assays to check the samples matrices effect for the selected cations and concentrations of the detected analytes

Analyte Spiked 
concen-
tration 
(ng L−1)

River water Well water Apple water Grape water

Found con-
centration 
(ng L−1) ± SD 
(n = 3)

Relative 
recov-
ery ± SD 
(n = 3)

Found con-
centration 
(ng L−1) ± SD 
(n = 3)

Relative 
recov-
ery ± SD 
(n = 3)

Found con-
centration 
(ng L−1) ± SD 
(n = 3)

Relative 
recov-
ery ± SD 
(n = 3)

Found con-
centration 
(ng L−1) ± SD 
(n = 3)

Relative 
recov-
ery ± SD 
(n = 3)

Co2+ 0 N.D. – N.D. – N.D. – N.D –
25 24.1 ± 1.1 96.4 ± 4.6 23.8 ± 1.2 95.2 ± 4.8 22.6 ± 1.1 90.4 ± 4.4 21.75 ± 1.1 87.1 ± 4.5
50 49.2 ± 2.3 98.4 ± 4.7 49.2 ± 2.4 98.4 ± 4.8 45.7 ± 2.1 91.4 ± 4.2 43.1 ± 2.0 86.2 ± 4.0

100 101.5 ± 4.6 101.5 ± 4.6 101.3 ± 4.8 101.3 ± 4.8 92.0 ± 4.3 92.0 ± 4.3 84.2 ± 3.1 84.2 ± 3.1
Ni2+ 0 24.9 ± 1.1 – N.D. – N.D. – N.D –

25 47.8 ± 2.2 92.0 ± 4.2 26.0 ± 1.2 104.0 ± 4.8 22.0 ± 1.1 88 ± 4.4 21.1 ± 0.8 84.4 ± 3.2
50 75.9 ± 3.3 102 ± 4.4 51.1 ± 2.4 102.2 ± 4.8 43.0 ± 2.2 86.0 ± 4.4 42.1 ± 2.0 84.2 ± 1.7

100 123.0 ± 5.7 98.1 ± 4.5 105.0 ± 4.4 105.0 ± 4.4 88.1 ± 4.3 88.1 ± 4.3 84.9 ± 3.5 84.9 ± 3.5
Cu2+ 0 26.7 ± 0.9 – 30.7 ± 1.3 – N.D. – N.D –

25 50.9 ± 1.4 96.8 ± 2.7 56.9 ± 1.6 104.8 ± 2.9 22.6 ± 0.7 90.4 ± 2.9 23.4 ± 0.8 93.6 ± 3.1
50 79.8 ± 2.2 106.2 ± 3.0 77.8 ± 2.2 94.2 ± 2.7 47.5 ± 1.7 95.0 ± 3.4 50.4 ± 1.5 100.8 ± 3.0

100 107.3 ± 2.6 107.3 ± 2.6 123.9 ± 3.3 93.2 ± 2.5 97.0 ± 3.0 97.0 ± 3.0 97.2 ± 2.7 97.2 ± 2.7
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subsequent extraction of the analytes. The proposed method 
is rapid, precise, efficient, and sensitive. Finally, the pro-
posed method was successfully applied for the determination 
of the selected cations in different water and food samples. 
The results indicate that the proposed extraction procedure 
is noticeable due to its outstanding advantages including less 
organic solvent consumption, simplicity, low cost, rapidness, 
high efficiency, low LODs, and environmentally friendly. 
Hence, it seems possible to extend this method to extract the 
other analytes in various samples by varying the extraction 
conditions.
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