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Abstract
A new potential solid phase material called as dithizone@PAA was synthesized for first times, characterized and utilized as 
an easy versatile polymeric sorbent for the shake-assisted dispersive solid-phase micro-extraction of Mn(II) and Cu(II) ions 
from fortified vegetables and barbecue samples followed by flame atomic absorption spectrometry. The proposed approach is 
based on batch type solid phase extraction of Mn(II) and Cu(II) ions prior to their flame atomic absorption analysis (FAAS). 
All experimental variables were examined and optimized in detail. Using the optimized values, the dynamic linear range for 
Mn(II) and Cu(II) ions was 0.70–150.00 and 0.20–125.00 ng  mL−1, respectively, and the limits of detection for Mn(II) and 
Cu(II) ions were 0.20 and 0.06 ng  mL−1, respectively. The preconcentration factor was 50 for both analytes. The relative 
standard deviations of 3.1% and 2.5% were obtained at 75.00 ng  mL−1 level of Mn(II) and Cu(II) ions. The precision and 
accuracy of the proposed method were investigated by the certified reference materials via intraday and inter-day studies. 
Finally, the results showed that the method was successfully applied for determining Mn (II) and Cu (II) ions in selected 
food samples with good recoveries.

Keywords Solid-phase microextraction · Flame atomic absorption spectrometry · Manganese · Copper · Fortified 
vegetables · Barbecue samples

Introduction

Today, the importance given to healthy food products is 
getting increased due to the increasing environmental prob-
lems (Walker et al. 2010). Since vegetables and meat prod-
ucts are rich in minerals, protein, fibers, and antioxidants, 
they undoubtedly have an important place in a healthy and 

balanced diet (Li and Komarek 2017). Due to chemical envi-
ronmental pollution of toxic pollutants such as heavy met-
als, herbicides, pesticides, polyromantic hydrocarbons, and 
dioxins can be transmitted to vegetables and meat products 
in various ways (Carvalho, 2017). It is necessary to analyze 
the foodstuffs to ensure that the levels of these contami-
nants meet the agreed international requirements, taking into 
account the potential toxicity and consumption of vegetables 
and meat products (Ogunkunle et al. 2014). Trace levels of 
some metal ions such as manganese (Mn) and copper (Cu) 
have been reported to contribute to the prevention of some 
diseases caused by oxidative stress, as they have antioxidant 
and anti-mutagenic effects (Nimse and Pal 2015). However, 
these metal ions are toxic when exposed above certain lev-
els. Therefore, the daily intake for Mn and Cu is limited to 
2.0–5.0 mg  day−1 and 1.2–1.6 mg  day−1, respectively (Tok-
man 2007). In this context, it is necessary and important to 
develop new, fast, and accessible analytical techniques for 
the determination of metal species at high toxic effects in 
food products.
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Distinct analytical techniques including high-resolution 
inductively-coupled plasma mass spectrometry (HR-ICP-
MS) (Rapp et al. 2017), inductively coupled plasma sector 
field mass spectrometry (ICP-SFMS) (Vassileva et al. 2019), 
inductively coupled plasma atomic emission spectrometry 
(ICP-AES) (Didukh et al. 2016), energy-dispersive X-ray 
fluorescence spectrometry (EDXRF) (Pytlakowska et al. 
2018), graphite furnace atomic absorption spectrometry 
(GFAAS) (Manjusha et al. 2019), and flame atomic absorp-
tion spectrometry (FAAS) (Pourjavid et  al. 2016) were 
developed for determination of manganese and copper in 
various food samples. Although techniques such as the HR-
ICP-MS, ICP-SFMS, and ICP-AES have high selectivity, 
they have disadvantages such as operating costs and the 
requirement of highly qualified laboratory professionals 
(Gouda et al. 2020). On the other hand, the FAAS is widely 
used in metal analysis due to its speed, simplicity, inexpen-
sive equipment requirements and wide application area for 
most kind of samples (Altunay et al. 2018).

In trace level analysis, matrix effect and low sensitivity 
of analytical techniques are two main problems for analyst. 
To overcome these problems, sample preparation methods 
such as magnetic solid phase microextraction (MSPME) 
(Meira et al. 2018), vortex-assisted dispersive liquid–liquid 
microextraction (VA-DLLME) (Elik et al. 2017; Ali et al. 
2021), liquid–liquid microextraction procedure based on 
ionic liquid-assisted microemulsion (IL-µE-DLLME) (Arain 
et  al. 2016), ultrasound-assisted dispersive-micro-solid 
phase extraction (US-D-μ-SPE) (Shirkhanloo et al. 2016), 
dual-cloud point extraction (d-CPE) (Peng et al. 2015), 
deep eutectic solvent-based ultrasound-assisted liquid phase 
microextraction (DES-UALPME) (Menghwar et al. 2019), 
magnetic solid phase microextraction (MSPME) (Acikkapi 
et al. 2019) and ultrasonic-assisted supramolecular solvent 
liquid–liquid microextraction (UA-Ss-LLME) (Altunay and 
Katin, 2020) have been frequently used for sensitive analy-
sis of analytes. Conventional extraction methods are mainly 
focused on extraction of target ions via a chelating agent into 
an organic solvent. As well known, use of toxic organic sol-
vents is not allowed in green chemistry approaches. So, solid 
phase extraction methods attract great attention with easy 
applicable and non-toxic properties. Especially, if re-usable 
materials can be developed, they can also be used a potential 
adsorbent in development of new devices for sensitive and 
practical analysis of trace species.

In the current study, it was explored an economical and 
green adsorbent based on the new synthesized dithizone@
PAA for the preconcentration and separation of Mn(II) and 
Cu(II) in fortified vegetables and barbecue samples prior 
to the determination by FAAS. By the way, a useful adsor-
bent has been prepared by means of grafting dithizone 
molecule, which is a good chelating agent for Cu and Mn 
ions, to PAA structure as carrier. The characterization of the 

physicochemical properties of the adsorbent was evaluated 
by X-ray diffraction (XRD), Raman spectroscopy, Fourier 
transform infrared (FT-IR) spectroscopy and scanning elec-
tron microscopy (SEM). Relevant chemical parameters for 
the adsorption of Mn (II) and Cu(II) ions to the synthesized 
adsorbent were evaluated using computational chemistry 
methods. Adsorption and desorption parameters affecting 
the SA-DSPE including the effect of pH, adsorbent amount, 
adsorption time, eluent solvent type and volume, and des-
orption time were investigated in detail. The synthesized 
adsorbent exhibited good absorption properties for target 
ions. Before analyzing the selected samples, the developed 
method was validated by the analysis of certified reference 
materials in intraday and inter-day studies.

Experimental

Materials and chemicals

Mn(II) and Cu(II) nitrate salts were obtained from Merck 
(Darmstadt, Germany) and 1000 mg  L−1 of stock solutions 
were prepared by using ultra-pure water. Working solu-
tions were prepared by diluting the appropriate amount of 
stock solutions. Ethanol, tetrahydrofuran (THF), sodium 
hydroxide and nitric acid were supplied from Sigma (Sigma-
Aldrich, St. Louis, MO, USA), while methanol, hydrochlo-
ric acid, and acetonitrile were supplied from Merck. The 
pH 4.0 of acetate buffer solution was prepared by adding 
1.861 g of sodium acetate (Merck) and 4.643 g of acetic 
acid (Sigma) to a 100 mL flask. Deionized water (18.2 mΩ 
 cm−1) was obtained from a Milli-Direct Q3 purification 
system (Bedford, MA, USA). Certified reference materials 
including SRM-1568 Rice Flour, INCT-TL-1 Tea leaves, 
INCT-MPH-2 Mixed Polish Herbs and SRM-1515 apple 
leaves were used to assess the accuracy of the proposed 
method. Dithizone, N, N Bis-methylenebisacrylamide (Bis, 
AA) and N,N,N',N'-Tetramethyl-ethylenediamine (TEMED) 
were supplied from Sigma.

Apparatus

The quantification of Mn and Cu was achieved using an 
AA-6300 Shimadzu (Kyoto, Japan) FAAS equipped with 
a deuterium background corrector. The vortex VG3 model 
(IKA GmbH, Germany) was utilized for desorption step. 
The characterization of the adsorbent was evaluated by Fou-
rier transform infrared spectroscopy (PerkinElmer Lambda 
25), scanning electron microscopy (Zeiss Gemini 500) and 
energy-dispersive X-ray spectroscopy (Zeiss Gemini 500) 
techniques. Microwave equipment (Milestone Ethos, Italy) 
was used for the digestion of fortified vegetable samples 
and certified reference materials. Multi Bio RS-24 model 
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orbital rotator (BioSan, Berlin, Germany) and VG3 model 
vortex (IKA GmbH, Germany) were used for the adsorp-
tion and desorption steps, respectively. A digital pH-meter 
(Selecta 2001 Sartorius, North America) was used for pH 
measurement.

Preparation of fortified vegetable samples

In the study, soil taken from the research area of plant and 
animal production department from 0 to 30 cm depth was 
used. The soil was slightly alkaline (pH 7.88), low organic 
matter content (1.24%), sandy loam, calcareous (11.0%), 
low phosphorus concentration (426 kg  ha−1) and potassium 
concentration was sufficient (1151 kg  ha−1). 3-kg capacity 
plastic pot was used in the study, which was conducted in 
three replications according to the randomized plot trial pat-
tern under greenhouse conditions. Sesame, peanut, eggplant, 
maize and cucumber plants were used as test plants. As basic 
fertilization, with planting, 100 mg N   kg−1 for sesame, 
200 mg N  kg−1 for peanut, eggplant, corn and cucumber 
plants, 100 mg P  kg−1, 125 mg K  kg−1, 2.5 mg Fe  kg−1 and 
2.5 mg Zn  kg−1 were applied for all plants. In the current 
preparation, manganese and copper doses were 0, 0.1 and 
0.2 mg  kg−1 and applied in the form of  MnSO4·H2O and 
Cu(NO3)2·3H2O, respectively. The plants were harvested 
55 days after planting, and the above ground parts were 
washed in the laboratory with distilled water and dried at 
70 °C for 48 h. Plants dried to constant weight were ground 
in an agate mill. By taking 0.2 g from the ground plants, 
a mixture of  H2O2-HNO3 (2 mL  H2O2, 5 mL  HNO3) was 
added for digestion in a microwave system. The digestion 
step was performed for 3 min at 250 W, 5 min at 0 W, 5 min 
at 250 W, 3 min at 400 W, 10 min at 550 W, and then vent-
ing for 5 min.

Pre‑treatment of barbecue samples

Five samples of meat doner, chicken doner, meatballs, 
grilled chicken and fish were used as application area of 
the proposed method. Samples were brought to the labora-
tory under cold chain at 4 °C and samples that would not be 
analyzed immediately were stored in the freezer − 20 °C. 
Microwave vessels (PTFE) were washed by 10 mL of con-
centrated  HNO3, heated for 15 min at 180 °C (800 W), and 
then rinsed with ultrapure water heated for 15 min at 180 °C 
before each digestion. All samples were accurately weighted 
as 0.50 g and transferred directly into microwave vessels, 
and 5 mL of concentrated  HNO3 was added. The blank solu-
tions which contain 5 mL of concentrated  HNO3 were also 
prepared during the analysis of each sample. The digestion 
program was chosen in agreement with manufacturer’s rec-
ommendations and published studies on microwave-assisted 
digestion optimization (Oymak et al. 2017).

Synthesis studies

New synthesized solid phase material (Dithizone@PAA) 
was easily prepared by using a simple procedure as explained 
in our previous studies (Ulusoy 2017; Şimşek et al. 2017; 
Şimşek and Ulusoy, 2016). Briefly, 2.0 g of acryl amide 
monomer and 0.25 g of cross-linker (Bis,AA) were homoge-
neously dissolved in 5 mL of ultra-pure water. Then, 300 mg 
of dithizone was added to this mixture during stirring on a 
magnetic stirrer. After a clear solution was obtained, 50 mg 
 (NH4)2S2O8 was added as the initiator of polymerization 
reaction. Finally, the TEMED was added to solution to sta-
bilize the polymers, while the system was getting cold by 
adding cold ultra-pure water. The synthesized polymer was 
washed with water for five times and ethanol for two times. 
Then, the obtained particles were dried for 24 h in a 50 °C 
vacuum oven and ground in a mortar and passed through 
a 1.2 mm sieve. The synthesized solid phase material was 
stored in the dark bottle.

Developed SA‑DSPME procedure

The developed method consists of adsorption and desorp-
tion steps. For the adsorption step, 55 mg of Dithizone@
PAA adsorbent was added to the centrifuge tubes containing 
30 mL of sample solution including Mn(II) and Cu(II) ions 
in the optimized range). Then, the pH of the solution was 
adjusted to pH 4.0 with acetate buffer. In order to achieve 
adsorption of target ions on the adsorbent, the centrifuge 
tubes were placed on an orbital rotator and then shaken for 
20 min. After centrifugation (4000 rpm, 2 min), the solid 
adsorbent containing analytes was collected at the bottom of 
tubes by centrifugation. The adsorption step was completed 
by discharging the aqueous part. Before the determination 
of analytes with FAAS, the analyte ions attached to the solid 
phase should be desorbed by using a suitable solvent. There-
fore, 2.0 mL acidic ethanol was added to the adsorbents for 
the desorption step and vortexed for 80 s. At the end of 
this period, the solution after filtration was submitted to the 
nebulizer of FAAS, and of the contents of solution for Mn 
and Cu ions were determined by developed method. In order 
to minimize the errors that may occur from the reagents 
used, all steps described above were applied to the blank 
sample solution.
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Results and discussion

Characterization assessment

FT‑IR results

The FT-IR spectra obtained (see Fig. 1a) for Dithizone@
PAA, Dithizone and Polyacrylamide (PAA) materials are 
in the wavelength range of 4000–450  cm−1. The peaks of 
the Dithizone material were shown as characteristic peaks 
originating from the S–C=N and S–H functional groups at 
wavelengths of 1381.30 and 2044.1  cm−1, respectively (God-
win-Uranta et al. 2018). In the 2970–2900  cm−1wavelength 
range, the peaks observed at 2962.1 and 2909.9  cm−1 wave-
lengths are C–H symmetrical stretch-induced peaks, respec-
tively. The sharp peak seen at 1590  cm−1 at ~ 1600  cm−1 
wavelengths is thought to be a –C–N symmetrical stretching 
peak. The sharp peak with a wavelength of 1590  cm−1 at 
~ 1600  cm−1 wavelength is thought to be a –C–N symmetri-
cal stretching peak. Symmetrical stress peaks based on C–O 
and –C–O–C functional groups are observed at 1142.2 and 
1212.2  cm−1 wavelengths, respectively. The 746.57  cm−1 
peak seen in the fingerprint region is the –CH2 asymmetric 
bending peak. It is seen that the peak seen at 675.58  cm−1 
wavelength is an out-of-plane bending peak originating 
from –HC=CH-(cis) (Godwin-Uranta et al. 2018). The peak 
N–H with a wavelength of 3300  cm−1 seen in the wavelength 
range of 3300–3240  cm−1 of the PAA material is due to the 
secondary amine-based asymmetric stretching. The peak 
with a wavelength of 3182  cm−1 is the characteristic primary 
amine-based  (NH2) symmetrical stress peak. The peaks 
seen at 1601.4 and 1644.4  cm−1, respectively, define the 
C–O–NH2 and C=O stress peaks. 1408.2 and 1443.3  cm−1 
peaks observed in the wavelength range of 1450–1400  cm−1 
are seen as COO-symmetrical stress peaks (Chiem et al. 
2006; Adhikary et al. 2007). After the synthesis, as can 
be seen in the spectrum of the final product (Dithizone@
PAA), peaks in the wavelength range of 3300–3100  cm−1 
originating from PAA were observed, and the Dithizone@
PAA nanomaterial was successfully synthesized with the SH 
characteristic peak at 2044  cm−1 originating from dithizone. 
It has been proven by the obtained spectra that the peaks of 
Dithizone below 1500  cm−1 are suppressed by PAA.

Raman results

Raman spectra of Dithizone@PAA, PAA and Dithizone 
materials (see Fig. 1b) were obtained by using 532 nm laser 
as excitation source in Raman spectrophotometer. Due to 
the low interference in the Raman spectrum of the dithizone 
material, the detailed spectrum of dithizone is included. The 
main peaks of the Dithizone material are 602, 756, 854, 

1229, 1243, 1375 and 1461  cm−1 wavelengths of Raman 
spectra, respectively. Raman spectrum with 1461   cm−1 
wavelength in the 1410–1465   cm−1 wavelength range 
belongs to the energy bands formed as a result of the defor-
mation of the –CH2, –CH3 functional groups. Considering 
the dithizone molecular structure, the 1375  cm−1 wavelength 
Raman spectrum is seen as the characteristic peak that per-
forms the Umbrella mode oscillation (Saadati et al. 2020). 
Weak peaks at 1229 and 1243  cm−1 wavelengths are caused 
by C–C stretching and C–H bending bands. The Raman peak 
seen at a wavelength of 854  cm−1 characterizes the energy 
band gaps of the aromatic chains of the molecule. Raman 
peak with 756  cm−1 wavelength is based on C–C bending 
vibration bands. The main peaks of the PAA material are 
Raman spectra with wavelengths of 488, 645, 845, 1108, 
1423, 1435, 1612, 1659, 2924, 3200 and 3330  cm−1, respec-
tively. Raman peak at 488  cm−1 wavelength is seen as C–C 
and C–H weak asymmetric bending vibrations caused by 
skeletal vibrations. The 645  cm−1 wavelength Raman peak 
is caused by the –CH and –CH2 induced deformation vibra-
tion bands in the aromatic chain. The Raman peak seen at 
a wavelength of 845  cm−1 characterizes the energy band 
gaps of the aromatic chains of the molecule. Raman peak 
with 1108  cm−1 wavelength seen in the wavelength range 
of 1060–1127  cm−1 belongs to C–C symmetrical bending 
vibration bands. Raman peaks with 1423 and 1435  cm−1 
wavelengths seen in the 1410–1460  cm−1 wavelength range 
are seen as deformation vibrations based on –CH2 and 
–CH3 functional groups. Raman peaks with wavelengths 
of 1612   cm−1 and 1659   cm−1 define mixed C=O vibra-
tional stress bands with NH deformations. The Raman peak 
obtained at a wavelength of 2924  cm−1 is caused by –CH2 
asymmetric vibrational tension bands. Raman peaks seen 
at wavelengths of 3200 and 3330  cm−1 are characteristic 
for –NH shifted and expanded by hydrogen bonding (Dong 
et al. 1997).

XRD results

XRD (X-ray diffraction) was taken for dithizone and PAA 
materials. The final product with amorphous structure is 
shown in Fig. 1c spectrum taken for the PAA material. 
The diffraction peaks obtained for dithizone were 7.89°; 
10.84°; 14.88°; 17.51°; 19.08°; 21.23°; 22.86°;23.89°; 
25.20°;26.80°; 27.67°; 30.08° and 32.04°. XRD diffraction 
peaks are characteristic for dithizone material (Raharjo et al. 
2008).

SEM results

SEM images (see Fig. 1d) of dithizone (a), PAA (b), and 
dithizone@PAA (c) materials were visualized by scanning 
electron microscopy. When the surface morphology of the 
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Fig. 1  a FTIR spectrums of developed material, b Raman spectrums of developed material, c XRD results of developed material, and d SEM 
images of developed material (a) Dithizone, (b) PAA (c) Dithizone@PAA
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dithizone material is examined, it is seen that it has a rod 
(Rod) structure. Dithizone material, which is known to be 
easily soluble in organic solvents, lost its rod structure after 

its synthesis with PAA and was completely homogeneously 
dispersed in the polymer. As understood in the EDX analyses 
taken, the homogeneous distribution of the species in the 
dithizone structure was also proven in the synthesis product.

Fig. 1  (continued)



Chemical Papers 

1 3

Optimization studies

For the optimization of the adsorption step, pH, shaking 
time and the amount of adsorbent were investigated step by 
step. For the optimization of the desorption step, the type 
and amount of eluent solvent and the vortex time were inves-
tigated. The percentage recovery of Mn(II) and Cu(II) ions 
was taken as reference in determining the optimum values of 
the relevant parameters. Recovery (%) is calculated accord-
ing to the following formula.

where Cfound, Creal, and Cspiked were the amount of the Mn(II) 
and Cu(II) after spiking the standard to the sample, amount 
of the sample, and amount of the standard solution that was 
injected to the sample, respectively.

Optimization of adsorption conditions

In order to obtain quantitative phase separation and accepta-
ble analytical data, analyte ions must be effectively adsorbed 
on the adsorbent. Dithizone molecules is well known with 
a potential on making stable complexes with Mn and Cu 
ions. Complex formation reactions are affected with pH of 
medium (Kamnoet et al. 2021). To achieve this goal, the 
first factor to be optimized is the pH of the sample solution. 
Both adsorbent and analyte ions can exist in different forms 
depending on the pH value. This can increase or decrease 
the adsorption. To evaluate this effect, the effect of pH on 
the recovery of Mn(II) and Cu(II) ions was tested in the pH 
range of 3–8.5. It can be seen from Fig. 2a that recovery 
begins to decrease especially after pH 5.0 for both analytes. 
Phase separation was not effective, especially in the transi-
tion to the basic zone. Also, it is well known that hydroxy 
salts of these ions are observed beyond pH 7.0. So, acidic 
regions were scanned by using a buffer serie. A quantitative 
recovery was provided for analyte ions at pH 4.0. Therefore, 
pH 4.0 was chosen as optimum for the subsequent experi-
mental studies.

The second factor optimized in the present study is the 
amount of adsorbent. In solid phase adsorbent studies, effec-
tive separation and preconcentration of analyte ions in sam-
ple solution directly depend on the amount of adsorbent. 
If the amount of adsorbent in the sample solution is insuf-
ficient, full adsorption of target ions cannot be achieved, as a 
result, quantitative phase separation and good analytical data 
cannot be obtained. So, the effect of the amount of adsorbent 
on the recovery of analyte ions was investigated in the range 
of 5–115 mg. The obtained data are given in Fig. 2b. At 
adsorbent amounts lower than 55 mg, quantitative analyti-
cal results could not be obtained due to insufficient phase 
separation. The amounts higher than 75 mg of adsorbent, 

(1)Recovery (%) =
[

Cfound − Creal

]

× 100∕Cspiked

the partial reduction in recovery may be due to the increased 
volume of eluent required for the desorption of analyte ions. 
Therefore, 55 mg of adsorbent amount was chosen as opti-
mum for the subsequent experimental studies. In order to 
accelerate the adsorption of analyte ions in the sample solu-
tion, the solutions were shaken at a certain constant speed 
using an orbital rotator. Also, thanks to this agitation step, 
the adsorbent was distributed evenly in the sample. In this 
context, the effect of adsorption time on recovery of analyte 
ions was investigated in the range of 1–40 min (see Fig. 2c). 
The results show that 20 min shaking time is sufficient for 
effective adsorption of analyte ions. Recovery of both ana-
lytes followed a flat plateau at periods greater than 20 min. 
Therefore, 20 min of adsorption time was chosen as opti-
mum for the subsequent experimental studies.

Optimization of desorption conditions

A desorption study is required for the adsorbent containing 
the analytes separated from the aqueous solution after cen-
trifugation. Here, the first factor to be investigated in order 
to effectively separate adsorbed analyte ions from the solid 
adsorbent into solution is the eluent solvent type. In this con-
text, the effect of equal volumes of solvents such as water, 
pH 4.0 buffer, ethanol, methanol, THF and acidic ethanol 
on the recovery of analyte ions was investigated. The data 
obtained are given in Fig. 2d. When the results were exam-
ined, it was important to obtain non-quantitative recover-
ies, especially for water and pH 4.0 buffer solution. Because 
these solvents are used in adsorption–desorption studies. The 
best recovery for both analyte ions was observed in acidic 
EtOH. Therefore, acidic EtOH was chosen as eluent solvent 
for the subsequent experimental studies. The second variable 
optimized in the desorption step is the eluent (Ethanol) vol-
ume. The added eluent solvent must be sufficient to achieve 
the desorption of analyte ions. If large amount of eluent sol-
vent is added, this will decrease the analyte concentration 
in the final volume and also increase the deformation of the 
adsorbent due to excessive eluent usage. For these reasons, 
the effect of acidic ethanol on the recovery of analyte ions 
was investigated in the range of 0.5–3.5 mL and the results 
obtained are exhibited in Fig. 2e. As seen from the results, 
complete desorption was achieved by the addition of 2.0 mL 
acidic ethanol for both analytes. The reduction in recovery 
at higher volumes are explained above. Therefore, 2.0 mL 
of acidic ethanol was chosen as optimum for the subsequent 
experimental studies. The last optimized factor for this step 
is desorption time. The effect of the desorption time on the 
recovery of analyte ions was investigated in the range of 
20–180 s keeping other conditions constant. Figure 2f shows 
that 80 s as vortexing time is sufficient to complete desorp-
tion for both analytes. Since there is no significant change 
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Fig. 2  Effect of a sample pH, b adsorbent amount, c adsorption time, 
d type of eluent solvent, e volume of desorption solvent, f desorption 
time on the recovery of Mn(II) and Cu(II). Microextraction condi-
tions: sample volume, 100 mL; concentration of analytes, 50 μg  L−1; 

sample pH, 6.0; adsorbent amount, 55 mg, adsorption time, 20 min; 
desorption solvent, acidic EtOH; acidic EtOH volume, 2.0 mL; des-
orption time, 80 s
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in the recovery of analyte ions at high vortex times, 80 s was 
chosen as the optimum value for next studies.

Adsorption capacity

Adsorption capacity is one of the important factors to evalu-
ate the extraction efficiency of Mn(II) and Cu(II) ions. The 
adsorption capacity of the synthesized adsorbent for each 
analyte was determined according to the batch adsorption 
method. The related study includes the following experi-
mental steps. 50 mL of model solution containing 20 mg of 
Mn(II) and Cu(II) ions was added to 100 mL beaker contain-
ing 55 mg of the adsorbent. Subsequently, the mixture was 
vortexed for about 1 h. After separation of the adsorbent 
from the aqueous solution, the possible amounts of analyte 
in the remaining aqueous portion were determined by FAAS 
using the formula in the batch adsorption method (Duran 
et al. 2011). As a result of this study, the adsorption capacity 
was calculated as 116.1 mg  g−1 for Mn(II) and 132.8 mg  g−1 
for Cu(II), respectively.

Reusability

The high number of reusability of the synthesized adsorbent 
reduces the cost of the method. In this context, in order to 
test its reusability, the synthesized adsorbent was washed 
five times with ethanol and water after the desorption step 
and then dried for reuse. No significant change in recovery 
of Mn(II) and Cu(II) ions was observed until fifteen repeti-
tions of the reuse of the adsorbent. The recoveries obtained 
were in the range of 97.3–99.2% for Mn(II) and 96.1–98.9% 
for Cu(II). The analytical data showed that the adsorbent 
was stable in the SA-DSPME procedure and had excellent 
reusability. The high number of reusability of the adsorbent 
caused a relative decrease in the cost of the method.

Analytical evaluations

Figures of merit of method

Under the optimized conditions, regression equations for 
the Mn(II) and Cu(II) ions were A = 0.0393CMn + 0.0186 
and A = 0.0461CCu -0.0052 with the correlation coefficient 
(r) of 0.9986 and 0.9992, respectively. Linear dynamic 
ranges for Mn(II) and Cu(II) were 0.7–150 ng  mL−1 and 
0.2–125 ng  mL−1 with the detection limit (LOD) of 0.2 and 
0.06 ng  mL−1, respectively. The relative standard deviations 
(RSD%, N:5) of 3.1 and 2.5% were obtained at 75 ng  mL−1 
level of Mn(II) and Cu(II) ions, respectively. The precon-
centration factor (PF), defined as the ratio of the maximum 
volume of the starting solution (100 mL) to the final measur-
ing volume of the extract (2 mL), was 50 for both analytes. 
Enhancement factor (EF), defined as the ratio of the slope of 
calibration plots with and without the SA-DSPME, was cal-
culated as 136 and 175 for Mn(II) and Cu(II), respectively. 
Comprehensive analytical data are given in Table 1. 

Selectivity

The selectivity of the synthesized adsorbent for Mn(II) and 
Cu(II) ions was tested by adding different amounts of ani-
ons and cations to model solutions containing analytes. The 
present study was performed in real samples, often in the 
presence of ions accompanying the investigated analyte ions. 
The tolerable concentration for ions refers to the maximum 
amount that causes an error not greater than ± 5% in absorb-
ance of the Mn(II) and Cu(II) ions. The results in Table 2 
show that the recovery of Mn(II) and Cu(II) ions by the 
synthesized adsorbent does not change significantly, even at 
high matrix ion concentrations. Therefore, the investigated 
ions do not interfere with the SA-DSPME procedure and the 
synthesized adsorbent has high selectivity toward Mn(II) 
and Cu(II) ions. And also, it should be kept in mind that 

Table 1  Related analytical 
parameters of the SA-DSPME-
FAAS method for determination 
of Mn and Cu

LOD and LOQ were defined as  3Sb/m and  10Sb/m, respectively (where Sb and m were the standard devia-
tions of the sample blank and the slope of the calibration curves, respectively)

Analytical parameters Mn(II) Cu(II)

Regression equation A = 0.0393CMn + 0.0186 A = 0.0461CCu -0.0052
Correlation coefficient (r) 0.9986 0.9992
Linear dynamic range (ng  mL−1) 0.7–150 0.2–125
Limit of detection (LOD, ng  mL−1) 0.2 0.06
Limit of quantitation (LOQ, ng  mL−1) 0.7 0.2
Recovery (%) (75 ng  mL−1, N:5) 98.2 97.9
RSD (%) (75 ng  mL−1, N:5) 3.1 2.5
Preconcentration factor 50 50
Enhancement factor 136 175
Adsorption capacity (mg  g−1) 116.1 132.8
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the selectivity provided by hallow cathode lamb (HCL) in 
FAAS. As well known, even trace amounts of some foreign 
ions were attached on solid phase material, interferences of 
these ions will not be observed in determination step thanks 
to selectivity of HCL for target ions.

Precision

The intraday precision was evaluated in model solutions 
at the three concentration levels of Mn(II) (10, 50 and 
150 ng  mL−1) and Cu(II) (1, 10 and 50 ng  mL−1) ions, by 
performing five replicates daily. The same concentrations 
were analyzed five times each day, for a period of five days, 
for the inter-day precision. The intraday and inter-day preci-
sion for Mn(II) ions were in the range from 3.8 to 5.3% and 
from 4.3 to 5.6%, respectively, while the intraday and inter-
day precision for Cu (II) ions were in the range of 3.2–5.4% 
and 3.6–5.7%, respectively. Also, satisfactory recoveries 
were provided for both studies. Detailed data are given in 
Table 3.

Accuracy

In order to investigate the accuracy of the developed SA-
DSPME procedure, the experiments were applied for the 
determination of Mn and Cu in reference materials such 
as SRM-1568 Rice Flour, INCT-TL-1 Tea leaves, INCT-
MPH-2 Mixed Polish Herbs and SRM-1515 apple leaves. 
As can be seen from Table 4, the data obtained agreed well 
with the reference results. Analyzing the four reference 
materials, the recoveries ranged from 95.9 to 100.9%. In 
addition, the t-values obtained for CRMs were in the range 
0.81–1.62, and these values were considerably lower than 
the tabulated t-value (2.78) at the 95% confidence level for 
five measurements. These results confirmed the accuracy of 
the developed method.

Real sample analysis

Following the validation studies, the applicability of the 
developed SA-DSPME-FAAS method was investigated by 
analysis of manganese and copper ions in fortified vegeta-
bles (sesame, groundnut, eggplant, corn, and cucumber) and 
barbecue samples (grilled fish, grilled chicken, meat doner, 
meatball, and chicken doner). The samples prepared accord-
ing to the microwave digestion method described above 
were analyzed three times. In addition, the accuracy of the 
obtained data was investigated through a recovery study by 
adding the samples at two levels of Mn(II) and Cu(II) ions. 
The analytical data and the respective standard deviations 
are given in Table 5. The results obtained showed that the 
matrices of the samples do not have a significant effect on 
the performance of the developed method. Recovery (%) 
for Mn (II) and Cu (II) was obtained in the range of 94% 
to 104% and 92 to 105%, respectively, indicating the good 
applicability of the developed method for measuring Mn and 
Cu in the analyzed samples.

Comparison of the proposed study with published 
methods

Table 6 submits the figures of merits for the determination 
of Mn(II) and Cu(II) by the developed SA-DSPME-FAAS 
method with those of the previously reported analytical 
methods based on solid-phase microextraction. The EF value 

Table 2  The effect of interfering ions on recovery of 100 ng  mL−1 of 
Mn(II) and 75 ng  mL−1 Cu(II) (N = 3)

Ion Added as Tolerable 
concentra-
tion

Recovery (Mean ± stand-
ard deviations)

Mn (II) Cu (II)

Na+ NaNO3 5000 97.3 ± 2.4 98.1 ± 2.6
K+ KCl 5000 96.5 ± 3.6 97.6 ± 2.0
SO4

2− Na2SO4 5000 98.9 ± 4.1 97.3 ± 3.1
PO4

3− Na3PO4 2000 102.5 ± 3.0 98.5 ± 2.2
Mg2+ Mg  (NO3)2 2000 101.7 ± 3.8 95.8 ± 1.9
Ca2+ Ca(NO3)2·4H2O 2000 97.3 ± 1.9 103.5 ± 2.2
NO3

− Ni(NO3)2 2000 101.9 ± 2.4 97.0 ± 1.5
Al3+ Al(NO3)3·9H2O 1000 98.6 ± 2.9 99.4 ± 4.3
Ag+ AgNO3 1000 98.4 ± 3.5 98.8 ± 3.8
CH3COO− CH3COONa 1000 97.5 ± 3.7 98.2 ± 4.1
Fe3+ FeCl3·6H2O 500 97.3 ± 4.8 97.6 ± 2.6
Co2+ Co(NO3)2·6H2O 500 98.2 ± 1.9 98.8 ± 3.4
Ni2+ Ni(NO3)2·6H2O 500 103.5 ± 3.6 95.4 ± 2.5
Pb2+ Pb(NO3)2 250 100.7 ± 2.3 96.2 ± 3.7
Cr2+ Cr(NO3)2 250 95.9 ± 2.7 104.4 ± 2.8
Zn2+ Zn(NO3)2·6H2O 100 95.5 ± 3.5 102.3 ± 3.6

Table 3  Intraday and inter-day 
precision for the SA-DSPME-
FAAS method for determination 
of Mn and Cu

Mn(II) Cu(II)

Spiked
(ng  mL−1)

Recovery
(%)

Inter-day Intraday Spiked
(ng  mL−1)

Recovery
(%)

Inter-day Intraday

10 94.2 3.8 4.3 1 93.1 3.2 3.6
50 97.2 4.2 5.0 10 96.2 4.0 4.9
100 98.5 5.3 5.6 50 97.9 5.5 5.7
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of the developed method was high and the linear range was 
relatively wide, except for ICP-OES and ICP-MS techniques. 
According to similar determination techniques, the LODs of 
the developed method were lower and RSDs% values were 
comparable. The developed method allowed acceptable ana-
lytical results with the use of inexpensive chemicals and 
instruments. These results show that the developed method 
has the advantage of low toxicity, reliability and efficiency.

Conclusion

In this research, a green and economic shake-assisted disper-
sive solid-phase microextraction coupled with flame atomic 
absorption spectrometry has been developed for simultane-
ous determination and preconcentration of manganese and 
copper in fortified vegetables and barbecue samples. New 
synthetized adsorbent for this study has been characterized 
by means of SEM, FTIR, XRD and Raman technical. Ana-
lytical data showed that the developed method can be used 
successfully for the analysis of Mn(II) and Cu(II) ions in 
the selected samples. Linear dynamic ranges for Mn(II) and 
Cu(II) were 0.7–150 ng  mL−1 and 0.2–125 ng  mL−1 with the 
LOD of 0.2 and 0.06 ng  mL−1, respectively. The proposed 
method has advantages, including simplicity, speed and low 
cost, in relation to classical sample preparation procedures. 
The method involved minimal manipulation of the sample, 

Table 4  Determination of Mn and Cu in certified reference materials 
(N = 5)

*The tabulated t-value (2.78) at the 95% confidence level for five 
measurements

Reference materials Validation parameters Experimental data

Mn Cu

SRM 1568
(Rice Flour)

Certified value (mg 
 kg−1)

19.2 ± 1.8 2.35 ± 0.16

Found value (mg 
 kg−1)

18.8 ± 0.9 2.31 ± 0.11

Recovery (%) 97.9 98.3
*texp 0.99 0.81

INCT-TL-1
(Tea leaves)

Certified value (mg 
 kg−1)

1570 ± 11 20.4 ± 1.5

Found value (μg  kg−1) 1526 ± 87 19.9 ± 0.9
Recovery (%) 97.2 97.5
*texp 1.13 1.24

INCT-MPH-2
(Mixed Polish 

Herbs)

Certified value (μg 
 kg−1)

191 ± 12 7.77 ± 0.53

Found value (μg  kg−1) 184 ± 11 7.45 ± 0.44
Recovery (%) 96.3 95.9
*texp 1.42 1.62

SRM 1515
(apple leaves)

Certified value (μg 
 kg−1)

2710 ± 120 5.69 ± 0.13

Found value (μg  kg−1) 2623 ± 181 5.74 ± 0.12
Recovery (%) 96.8 100.9
*texp 1.07 0.93

Table 5  Analytical data 
obtained for Mn and Cu as a 
result of the application of the 
developed method to barbecue 
and fortified vegetable samples 
(N = 3)

*Not dedection

Matrix Mn (µg  kg−1) Cu (µg  kg−1)

Added Found Recovery (%) Added Found Recovery (%)

Sesame – 74.5 ± 3.5 – – 15.1 ± 0.8 –
20 93.8 ± 4.8 97 50 62.6 ± 2.9 95

Groundnut – 62.1 ± 2.6 – – 32.8 ± 1.5 –
20 81.5 ± 2.7 97 50 78.8 ± 3.1 92

Eggplant – 95.7 ± 3.2 – – 20.7 ± 1.4 –
20 116.5 ± 4.4 103 50 73.2 ± 2.8 105

Corn – 55.6 ± 1.9 – – 6.4 ± 0.2 –
20 74.4 ± 2.8 94 50 57.9 ± 2.1 103

Cucumber – 88.9 ± 3.3 – – 35.3 ± 1.8 –
20 108.3 ± 4.6 97 50 83.3 ± 2.7 96

Grilled fish – 124.5 ± 4.0 – – 8.9 ± 0.3 –
20 144.7 ± 5.3 101 50 59.9 ± 2.0 102

Grilled chicken – 26.7 ± 2.1 – – nd –
20 47.1 ± 1.8 102 50 48.5 ± 1.9 97

Meat Doner – nd* – – nd –
20 19.8 ± 1.1 99 50 51.5 ± 2.1 103

Meatball – 144.2 ± 5.6 – – 28.3 ± 1.4 –
20 163.4 ± 6.2 96 50 75.3 ± 1.7 94

Chicken doner – 65.8 ± 3.9 – – 7.4 ± 0.2 –
20 86.6 ± 4.0 104 50 56.4 ± 1.8 98
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favoring the reduction in contamination, in addition, as it 
does not require conventional heating in the preparation step, 
the losses of analytes by volatilization are reduced. The ana-
lytical properties of the developed method are suitable for 
routine analysis laboratories which don’t have expensive 
instrumental equipment’s.
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