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Abstract
An efficient, green, novel and rapid vortex-assisted dispersive solid-phase extraction 
(VADSPE) technique was used for the preconcentration and determination of trace 
levels of  Cu2+ followed by flame atomic absorption spectrometry. Graphene oxide 
(GO) was synthesized from graphite and then modified by pectic acid (poly-d-ga-
lacturonic acid, PA) to synthesize the pectic acid–graphene oxide (PA-GO) nano-
composite. The Fourier transform infrared spectrophotometry, field emission scan-
ning electron microcopy, energy-dispersive X-ray spectroscopy and X-ray diffraction 
analysis were used to characterize the synthesized GO-PA nanocomposite. By using 
VADSPE technique, PA-GO was used as an adsorbent for preconcentration of  Cu2+. 
The main parameters affecting the extraction recovery, including pH of the sample 
solution, amounts of adsorbent, extraction time, type and concentration of desorbent 
solvent and desorption time were completely investigated and optimized. Under 
the optimum conditions, the results show that the proposed method has the linear-
ity range of 10–300  µg  L−1 with a correlation coefficient of 0.9950. The limit of 
detection based on six replicate analyses of the blank sample was 2.22 µg L−1, and 
the relative standard deviation was 2.7% for the five replicate analysis of 50 µg L−1 
 Cu2+. The validity of the proposed method was checked by the analysis of two certi-
fied reference materials including CRM-TMDW and GBW07605 tea samples, and 
then, the proposed method was successfully applied for the determination of trace 
levels of  Cu2+ in different water and food samples.
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Introduction

Copper (Cu) is an essential element for the human body. It is the constituent of the 
respiratory enzyme, cytochrome C oxidase and also necessary for neuropeptide syn-
thesis and immune function [1]. However, its high concentration in the human body 
could damage the liver and kidney [2]. Up to now, different analytical tools were 
used for the determination of Cu including atomic absorption spectrometry [3, 4], 
electrochemical methods [5, 6], inductively coupled plasma optical emission spec-
trometry [7, 8] and UV–Vis spectrophotometry [9, 10]. Flame atomic absorption 
spectrometry (FAAS) is the most common analytical technique with advantages such 
as simplicity, non-expensively and selectivity [11, 12]. However, the matrix effect is 
the main parameter affecting the accuracy of the results, especially at trace levels. 
Therefore, to obtain the maximum sensitivity for the determination of analyte, the 
application of the sample preparation step is inevitable. Up to now, different precon-
centration techniques including solid-phase extraction [13–17], vortex-assisted liq-
uid-phase extraction [18], ultrasonic-assisted liquid-phase microextraction [19], dis-
persive liquid–liquid microextraction [20] and cloud point extraction [21] were used 
for preconcentration of  Cu2+. Among them, solid-phase extraction is more favorable 
due to the advantages such as a variety of adsorbents, easy to use, able to automation 
and high preconcentration factor [22]. Graphene oxide (GO) with unique properties 
such as high surface area, high mechanical and electrical properties could be easily 
prepared from graphite [23]. Also, the existence of hydroxyl, epoxy and carboxylic 
groups on the surface of GO provides conditions to modify its surface with different 
functional groups for many approaches such as adsorption of environmental pollut-
ants [24–26]. Pectic acid (PA) known as the poly-d-galacturonic acid is an organic 
acid existing in fruits and vegetables. Its structure in Fig. 1 shows functional groups 
(carboxylic groups, hydroxyl and ether), which act as donor electron groups to inter-
act with cationic materials such as heavy metals. Therefore, it could be considered 
as a good candidate for modification of GO nanosheets.

The aim of the proposed work is to synthesize the GO from graphite using Hum-
mer method and then modify its surface with pectic acid to synthesize the GO-PA 
nanocomposite. The X-ray diffraction spectroscopy (XRD), Fourier transform infra-
red spectrophotometry (FTIR), energy-dispersive X-ray spectroscopy (EDX) and 
field emission scanning electron microscopy (FESEM) were used to characterize the 
synthesized GO-PA nanocomposite. Then, by using the vortex-assisted dispersive 
solid-phase extraction (VADSPE) technique, GO-PA was used as an adsorbent for 
preconcentration of trace levels of  Cu2+ followed by FAAS detection. Based on our 

Fig. 1  Chemical structure of 
pectic acid (PA)
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knowledge, up to now, no paper reported the modification of GO with PA and its 
use for the preconcentration of heavy metals. The parameters affecting the extrac-
tion recovery including pH of the sample solution, amounts of adsorbent, extraction 
time, type and concentration of desorbent solvent and desorption time were studied 
and optimized. Finally, the proposed method was applied for the determination of 
trace levels of  Cu2+ in different water and food samples.

Experimental

Reagents

Deionized water was used to make solutions. Pectic acid from apple (PA, CAS num-
ber: 9046-40-6) was purchased from Sigma-Aldrich, Missouri, USA. A solution of 
1000  mg  L−1  Cu2+ was prepared from Cu(NO3)2·3H2O (Merck, Darmstadt, Ger-
many), and working solutions were prepared daily by dilution of the stock solution 
in deionized water. Graphite (Merck, Darmstadt, Germany) was used for synthe-
sizing the GO, and the reagents including  H2SO4 (98%, Merck, Germany),  NaNO3 
(99.0–100.5%, Merck, Germany),  KMnO4 (99.0–100.5%, Merck, Germany) and 
 H2O2 (30%, Sigma-Aldrich, USA) were used for the oxidation of graphite to the 
graphite oxide.

Instrument

PerkinElmer HGA 700 flame atomic absorption spectrometry (acetylene as fuel and 
air as an oxidant) was used for the measurement of Cu equipped with hollow cath-
ode lamp (Cu, 324.8 nm) operated at 12 mA and 0.7 nm monochromator bandpass. 
A Metrohm 827 pH meter (Switzerland) was used for the measurement of pH values, 
and a centrifuge (Andreas Hettich D72, Germany) was used for the separation of 
adsorbent from the sample solution. An AVATAR 370 (USA) FTIR instrument was 
used to record the FTIR spectrums of GO and GO-PA nanocomposite. The XRD 
spectrums of the synthesized GO and GO-PA were obtained from the D8-Advance 
Bruker CuKα1 (λ = 0.15406 nm) instrument. Also, field emission scanning electron 
microscope (FESEM, TESCAN BRNO-Mira3 LMU, Czech Republic) was used to 
study the morphology of the synthesized GO-PA nanocomposite.

Synthesis of GO

Graphene oxide was synthesized according to the Hummer method as our research 
team reported in our previous research paper [23]: One gram of graphite powder was 
weighted and transferred into the beaker. Then, an aliquot of 23 mL concentrated 
 H2SO4 was added slowly to it. The mixture was stirred in an ice bath for 30 min fol-
lowed by the addition of 0.5 g  NaNO3 and stirring for 30 min at 15–20 °C. To oxi-
dize the graphite, 3 g  KMnO4 was added within 1 h into the mixture and stirred for 
90 min, and then, it was heated to 35 °C followed by stirring at this temperature for 
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120 min. Finally, after addition of 100 mL deionized water, an aliquot of 5 mL  H2O2 
was added into the mixture, which causes to change its color to green. The synthe-
sized graphite oxide was centrifuged at 3500 rpm for 10 min, washed with deionized 
water (to obtain the pH of 6–7 for the supernatant) and then ultrasonicated for 1 h to 
obtain GO nanosheets.

Synthesis of GO‑PA nanocomposite

To synthesize, 0.4 g of GO was dispersed in 100 mL of 0.1 mol L−1 Tris buffer solu-
tion adjusted at the pH of 8. Then, 50 mL of 0.4% (w/v) PA in deionized water was 
added into the mixture followed by stirring for 5 h. The synthesized GO-PA nano-
composite was centrifuged at 3500  rpm, washed with deionized water three times 
and dried at 50 °C for 12 h.

Preparation of real samples

Water samples

Different water samples, including tap (Mashhad, Iran), river (Kashaf Rood and 
Golmakan Mashhad, Iran) and spring water (Nowchah, Mashhad, Iran), were ana-
lyzed freshly as follows:

An aliquot of 10 mL of each sample solution was adjusted at the optimum pH 
value of 5.5 and analyzed for its  Cu2+ content according to the preconcentration 
procedure.

Food samples

Sampling

Different food samples with the abundant use in Mashhad, Iran, including, black tea, 
red lentil, wheat and sesame, were selected. For the sampling, 500 g of the most usa-
ble brand from each sample was purchased randomly from five local supermarkets, 
and after mixing them and crashing to obtain a uniform sample, about 2 g of each 
sample was digested and analyzed for its copper content as follows:

The weighed sample was transferred into the crucible followed by heating at 
400 °C for 3 h. After it was cooled, an aliquot of 2.5 mL concentrated  HNO3 was 
added into the residue and heated at 60–70 °C for 10 min. Then, it was diluted to 
25 mL with deionized water, and finally, an aliquot of 1 mL from each sample was 
adjusted at the pH of 5.5 and analyzed for its Cu content according to the preconcen-
tration procedure.

Preconcentration procedure

To the 10 mL of a sample solution containing 50 µg L−1  Cu2+ adjusted at the opti-
mum pH value of 5.5, an aliquot of 1 mL deionized water containing 5 mg GO-PA 
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nanocomposite was injected. The resulting mixture was vortexed for 10  min at 
2800 rpm and then centrifuged at 3500 rpm for 5 min. The supernatant was removed 
completely by a 2-mL syringe, and then, 400 µL of 1.0 mol L−1  HNO3 as a des-
orbent solution was added to the mixture and vortexed for 5 min. Finally, by centri-
fuging the mixture for another 5 min, the supernatant was aspirated into the FAAS 
for Cu quantification. Extraction recovery was calculated according to Eq. 1, where 
Cds and Css are the concentrations of analyte in the desorbent solution and sample 
solution, respectively, and also, Vds is the volume of desorbent solution (mL) and Vss 
is the volume of sample solution (mL).

Results and discussion

Characterization of adsorbent

The synthesized GO-PA nanocomposite was characterized by FTIR spectrophotom-
etry, FESEM images, EDX analysis and XRD spectroscopy. The FTIR spectrums 
of GO and the synthesized GO-PA nanocomposite are shown in Fig. 2. As it was 
reported by our research group [23], the peaks at 3400 cm−1, 1220 cm−1, 1050 cm−1, 
1730 cm−1 and 1650 cm−1 are related to the stretching vibrations of O–H, epoxy, 
C–O, carbonyl (C=O) and C=C groups, respectively. However, as it could be seen, 
the intensity of epoxy ring in the GO-PA nanocomposite decreases, which could be 
described by the  SN2 reaction between the nucleophilic groups on the PA molecules 
and the epoxy rings of GO. This reaction causes the chemical bonding of PA on the 

(1)Extraction recovery (%) ∶
CdsVds

CssVss

× 100.

Fig. 2  FTIR spectrums of GO and the synthesized GO-PA nanocomposite
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GO nanosheets. The FESEM images of the synthesized GO and GO-PA nanocom-
posite are shown in Fig. 3. Based on the results, the roughness of GO nanosheets 
changed after it was modified by PA molecules. Also, the EDX analysis of GO and 
GO-PA nanocomposite (Fig.  4) shows 52.87% C for GO; however, in the case of 
GO-PA, the elemental analysis shows 59.11% C. Finally, XRD analysis was per-
formed on the GO and GO-PA nanocomposite (Fig. 5). The XRD pattern of the GO 
shows the main diffraction peak at 2θ = 10.9°, which corresponds to the 0 0 2 plane. 
However, after its modification with PA molecules, the peaks around 2θ = 15°–20° 
and 2θ = 30°–40° appeared in the spectrum related to the crystallinity of pectic acid 
[27, 28]. The obtained results clearly show that the modification of GO with PA 
molecules was performed successfully.

Effect of pH

Due to the effect of pH of sample solution on the ionization or protonation of 
the functional groups on the adsorbent, this parameter could be considered as the 
critical parameter on the extraction recovery of  Cu2+. By using GO-PA nanocom-
posite as an adsorbent, there are two main mechanisms for the adsorption of  Cu2+: 
(1) electrostatic attraction of  Cu2+ on the negatively charged sites on the GO-PA 

Fig. 3  FESEM images of GO (a, b) and the synthesized GO-PA nanocomposite (c, d)
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adsorbent (carboxylic groups on PA molecules) and (2) ion–dipolar interaction 
between  Cu2+ and hydroxyl groups. The effect of pH on the extraction recovery 
of  Cu2+ was studied in the range of 2–9, and the results are presented in Fig. 6. 
As it could be seen, by increasing the pH of the sample solution, the extraction 
recovery of  Cu2+ increases and reaches its maximum value at the pH of 5–6. 
However, higher pH values cause to decrease in the extraction recovery, which 

Fig. 4  EDX analysis on the GO (a) and GO-PA nanocomposite (b)



2828 Polymer Bulletin (2020) 77:2821–2836

1 3

could be due to the formation of copper hydroxide in the sample solution. Also, 
in acidic solution (pH values lower than 3), the decrease in the extraction recov-
ery of  Cu2+ could be due to the protonation of the hydroxyl groups of GO-PA 
adsorbent, and therefore, the repulsion between  Cu2+ and the positively charged 
GO-PA nanocomposite causes decrease in the extraction recovery. Therefore, for 
further experiments, a pH value of 5.5 was selected as the optimum value.

Fig. 5  XRD pattern of GO and the synthesized GO-PA nanocomposite

Fig. 6  Effect of pH of sample solution on the extraction recovery of  Cu2+. Conditions: 100 µg L−1  Cu2+, 
1  mL of deionized water containing 5  mg GO-PA nanocomposite, 10-min extraction time, 1  mol  L−1 
 HNO3 as desorbent solution
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Effect of the amounts in GO‑PA nanocomposite

In this research, VADSPE was used as the extraction technique for the solid-
phase extraction of  Cu2+. Therefore, to the 1  mL of deionized water, different 
amounts of GO-PA, 2–8  mg GO-PA, were added, and the mixtures were ultra-
sonicated for 2  min. Then, by injection of them into the sample solutions, the 
resulting mixtures were vortexed at 2800  rpm for 10 min. The results in Fig. 7 
show the variation of the extraction recovery of  Cu2+ by changing of the amounts 
of GO-PA adsorbent. As it could be seen, the maximum extraction recovery was 
obtained in the range of 5–7  mg adsorbent. Therefore, for further experiments, 
1 mL of deionized water containing 5 mg GO-PA nanocomposite was selected as 
the optimum value.

Effect of extraction time

The agitation of sample solution was performed by using a vortex agitator sys-
tem operated at 2800  rpm. The produced vortex stream causes increase in the 
diffusion of the analyte onto the adsorbent, and therefore, the preconcentration 
of analyte takes place at a short time. The effect of vortex time on the extraction 
recovery of analyte was studied in the range of 5–20 min. The results in Fig. 8 
show that 10-min extraction time provides the maximum extraction recovery for 
the determination of  Cu2+. Therefore, for further experiments, 10-min vortex time 
was considered as the optimum value.

Fig. 7  Effect of amounts of GO-PA nanocomposite on the extraction recovery of  Cu2+. Conditions: 
100 µg L−1  Cu2+, pH 5.5, 10-min extraction time, 1 mol L−1  HNO3 as desorbent solution



2830 Polymer Bulletin (2020) 77:2821–2836

1 3

Effect of type and concentration of the desorbent solution

To desorb the  Cu2+ from the adsorbent, different desorbent solutions including HCl, 
 HNO3,  CH3COOH and HCOOH with the concentrations of 0.5, 1.0 and 2.0 mol L−1 
were added to the adsorbent, and the resulting mixtures were vortexed at 2800 rpm 
for 5 min. The results show that solutions of 1.0 and 2.0 mol L−1  HNO3 provide the 
maximum extraction efficiency for the determination of  Cu2+. Therefore, a solution 
of 1.0 mol L−1  HNO3 was selected as the optimum desorbing solvent.

Effect of ionic strength

The effect of the ionic strength of the sample solution was checked by the addi-
tion of the solutions of NaCl and  NaNO3 in the range of 0–1% (w/v). The results 
show that the extraction recovery of analyte remains constant up to 0.3% NaCl and 
0.5%  NaNO3. Therefore, the proposed VADSPE technique could be successfully 
applied for the determination of  Cu2+ in the solutions containing sodium chloride 
and sodium nitrate salts.

Effect of interfering ions

As FAAS technique has inherent selectivity for measurement of heavy metals, 
it could be expected that the interferences start from the preconcentration step. 

Fig. 8  Effect of extraction (vortex) time on the extraction recovery of  Cu2+. Conditions: 100  µg  L−1 
 Cu2+, pH 5.5, 1 mL of deionized water containing 5 mg GO-PA nanocomposite, 1 mol L−1  HNO3 as 
desorbent solution
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Herein, the effects of different cation and anions on the extraction recovery of 
 Cu2+ were studied in the presence of fix amounts of analyte, and the obtained 
results are presented in Table 1. Based on the results, the proposed method has 
very good tolerance limit toward other ions, which makes it a good adsorbent for 
solid-phase extraction of  Cu2+.

Analytical figure of merit

The calibration curve for the determination of  Cu2+ was determined in the range 
of 10–300  µg  L−1 with a correlation coefficient of 0.9950. Its equation was 
A = 0.0015CCu2+ + 0.0053, where  CCu2+ is the concentration of  Cu2+ in  µg  L−1, 
and A is the absorbance of the analyte. The limit of detection (LOD) for the six-
time replication of the blank sample was 2.22  µg  L−1 (3Sb/m, where Sb is the 
standard deviation of the blank and m is the slope of the calibration curve after 
preconcentration step), and the relative standard deviation (RSD, %) for five rep-
licate analyses of the sample solution containing 50 µg L−1  Cu2+ was 2.7%. The 
preconcentration factor (Eq. 2) was equal to 25, which can be calculated from the 
ratio of the volume of sample solution (Vss, 10 mL) to the volume of desorbent 
solvent injected into the FAAS (Vds, 0.4 mL).

Also, the enhancement factor was 21.6, which can be obtained from the ratio 
of the slope of the calibration curve after preconcentration step (slope = 0.0015) 
to that before the preconcentration step (A = 0.0695CCu2+ − 0.0072).

(2)Preconcentration factor =
Vss

Vds

Table 1  Effect of diverse ions 
on the extraction recovery of 
50 µg L−1  Cu2+

Interfering ions Concentration (µg L−1) Recovery (%)

Ca2+ 50,000 95.6
K+ 50,000 95.7
Zn2+ 400 98.5
Mn2+ 400 96.4
Ni2+ 400 99.6
Pb2+ 400 95.4
Cd2+ 400 97.8
Fe3+ 400 98.4
Hg2+ 400 99.5
Cr3+ 300 97.5
Al3+ 300 96.7
Co2+ 300 98.9
SO4

2- 50,000 97.2
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Analysis of real samples

The accuracy of the proposed method was checked by the analysis of two certi-
fied reference materials including CRM-TMDW (certified value of 20 µg L−1) and 
GBW07605 tea sample (certified value of 17.3 ± 0.3 µg g−1  Cu2+). By using the 
VADSPE technique and to analyze the CRM samples, the obtained values are 
19.2 ± 1.23 µg L−1 and 16.8 ± 1.02 µg g−1  Cu2+ for CRM-TMDW and GBW07605 
tea sample, respectively. Student’s t test, which is expressed in Eq. 3 (where X is 
the sample mean, µ is the population mean, N is the size of sample and S is the 
standard deviation), was performed on the obtained results, and the calculated 
t values (tcal) are 1.45 and 1.10 for CRM-TMDW and GBW07605 tea samples, 
respectively (N = 5) which show that the calculated t values are lower than the 
ttable = 2.13 (df = 4, 95% confidence limit).

Therefore, the obtained results for the analysis of CRM samples are in consist-
ent with the certified values. Also, the applicability of the proposed method was 
checked by the analysis of different real samples, including water and food sam-
ples. The results are presented in Tables 2 and 3. Spike tests were also performed 
on the samples to check the validity of the obtained results. As it could be seen, 
the proposed method could be successfully applied for the determination of  Cu2+ 
in different water and food samples.

Comparison with other methods

The proposed VADSPE technique was compared by other analytical methods for 
the determination of  Cu2+, and the results are presented in Table 4. As it could be 
seen, the wide linearity range, short analysis time, green aspect of adsorbent, high 
efficiency and good precision are the main advantages of the proposed method.

(3)tcal =
(X − �)

√

N

S

Table 2  Results for the analysis of different water samples for the determination of  Cu2+. Results 
(mean ± standard deviation based on three replicate analyses)

Sample Added (µg L−1) Found (µg L−1) Recovery (%)

Tap water (Mashhad, Iran) – ND –
20.0 19.8 ± 1.3 99.0

River water (Kashaf Rood, Mashhad, Iran) – 12.8 ± 0.8 –
20.0 31.3 ± 1.6 92.5

River water (Golmakan, Mashhad, Iran) – ND –
20.0 21.2 ± 1.1 106.0

Spring water (Nowchah, Mashhad, Iran) – ND –
20.0 18.8 ± 0.9 94.0
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Conclusion

The proposed paper describes the use of vortex-assisted dispersive solid-phase 
extraction technique (VADSPE) for preconcentration of trace levels of  Cu2+ fol-
lowed by its determination using flame atomic absorption spectrometry. Pectic 
acid-coated graphene oxide nanocomposite (PA-GO) was used as a novel adsor-
bent and characterized by FTIR spectrophotometry, FESEM, EDX and XRD 
analysis. By optimization of the parameters affecting the extraction recovery of 
 Cu2+, the linearity range and the analytical figures of merit were determined. 
Based on the results, wide linear range (10–300 µg L−1), novelty and green aspect 
of the synthesized adsorbent, high rapidity (10-min extraction time), simplicity 
and high efficiency are the main advantages of this SPE method. The validity of 
the proposed method was successfully checked by the analysis of two certified 
reference materials including CRM-TMDW and GBW07605 tea samples. Also, 
the analysis of different real samples shows that the proposed method could be 
successfully applied for the determination of trace levels of  Cu2+ in different real 
samples.

Table 3  Results for the analysis 
of different food samples for the 
determination of  Cu2+. Results 
(mean ± standard deviation 
based on three replicate 
analysis)

Sample Added (µg g−1) Found (µg g−1) Recovery (%)

Black tea – 16.3 ± 0.8 –
5.0 20.8 ± 1.0 90.0

Red lentil – 9.8 ± 0.4 –
5.0 14.5 ± 0.8 94.0

Wheat – 12.6 ± 0.5 –
5.0 17.7 ± 0.6 102.0

Sesame – 19.6 ± 0.8 –
5.0 24.3 ± 1.1 94.0

Table 4  Comparison of the proposed SPE technique with the other analytical methods for the determina-
tion of  Cu2+

a Ionic liquid–dispersive liquid–liquid microextraction
b Floating of organic drop, flow injection analysis
c Hollow fiber supported liquid microextraction

Method LOD (µg  L−1) RSD (%) Linear range (µg L−1) References

DLLME-FAAS 1.84 1.3–5.6 10–800 (10 mL sample solution) [19]
IL-DLLME-FAASa 3.3–5.1 4.7–10 25–300 [29]
SPE-FAAS 0.9 2.2 4–200 [30]
SPE-FAAS 2.6 1.1–2.8 100–1000 [31]
FOD-FI-FAASb 0.18 2.7 0.5–20 [32]
HF-LMME-FAASc 10–150 5.7 4 [33]
SPE-FAAS 2.22 2.7 10–300 Present work
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