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Abstract
For the first time, Descurainia Sophia (DS) seeds as an efficient and green adsorbent were used in solid phase extraction for 
preconcentration of trace levels of cadmium prior to its determination by flame atomic absorption spectrometry (FAAS). 
By using a batch method, Descurainia Sophia seeds were used as adsorbent to retain cadmium (ІІ) ions in the sample solu-
tion. After eluting the adsorbent with 3 mol  L−1 HCl, the retained cadmium (ІІ) was determined by flame atomic absorption 
spectrometry. Different parameters affecting the extraction efficiency such as pH, amounts of adsorbent, type and concentra-
tion of eluent solvent, extraction and desorption time were investigated and optimized. Under the optimum conditions, the 
calibration curve was linear in the range of 5–300 µg  L−1 cadmium (ІІ) with a correlation coefficient of 0.998. The limit of 
detection (LOD) was 1.0 µg  L−1 and the relative standard deviation (RSD, %) based on seven replicate analysis of 25 µg  L−1 
cadmium (ІІ) was 3.2%. The accuracy of the proposed method was checked by the analysis of certified reference material 
(CRM) and spike methods. The results show a good agreement with certified values. The proposed method was successfully 
applied to determination of trace levels of cadmium in different water and rice flour samples.
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Introduction

Cadmium (Cd) is one of the environmental contaminant 
that can be accumulating in human body causing lung and 
pancreatic cancer [1]. Cadmium is widely used in industry, 
especially in electroplating, rechargeable batteries, paint 
pigments and alloys [2]. As the use of cadmium in differ-
ent industrial activities has increased, its presence in the 
environment is growing and therefore, its determination at 
trace levels is highly demanded. Flame atomic absorption 
spectrometry (FAAS) shown to be a standard analytical tool 
for determination of metal ions in various matrices owing 

to its wide application range, simplicity in operation and 
low cost of analysis; however because of low sensitivity of 
FAAS, preconcentration steps are applied to concentrate the 
analyte prior to its determination.

Solid phase extraction is one of the most common pre-
concentration steps which has the advantages of simplicity, 
rapidity and high enrichment factor. Different adsorbents 
such as modified nanoparticles [3–5], multiwall carbon 
nanotubes [6] and synthetic polymers [7, 8] have been used 
to preconcentrate heavy metals. Although the results show 
that these adsorbents are very efficient, however, most of 
them are naturally toxic or their modification process intro-
duce hazardous material to environment. Therefore, the use 
of green and non-toxic adsorbent for preconcentration of 
heavy metals is an interesting subject. Many natural mate-
rials such as active carbons from leaves [9], fly ash [10], 
green coconut shell powder [11], spherical cellulose [12], 
lignocellulosic fibers [13] and walnut shell [14, 15] have 
been used as green adsorbents for removal or preconcen-
tration of trace heavy metals because these biosorbents are 
economical, non-toxic, environmental friendly and have high 
adsorption capacity.
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Descurainia Sophia (DS) is the member of mustard fam-
ily and the seeds of this plant have been used in Traditional 
Chinese Medicine (TCM) to relieve cough, prevent asthma, 
reduce edema, and can be used in the treatment of some 
types of cancer [16]. The seeds of DS contain over 25% 
protein, 22–44% oil, 3.5–4% ash and around 7.6% fiber [17, 
18]. Owing to natural functional groups such as hydroxyl, 
carboxyl, carbonyl and ester groups in its structure, DS seeds 
have a strong potential for adsorption and preconcentration 
of heavy metals without the need of any complicated and 
hazardous modification process.

For the first time, in this paper, DS seeds have been used 
as an adsorbent for preconcentration of trace levels of Cd (ІІ) 
in different real samples. Based on our knowledge there is 
not any publication to investigate the use of DS seeds in the 
field of solid phase extraction. The experimental parameters 
affecting the extraction efficiency such as pH, amounts of 
adsorbent, extraction and desorption time and type and con-
centration of eluent solvent were investigated and optimized 
conditions were selected.

Experimental

Instrumentation

A Shimadzu AA-670 (Shimadzu, Japan) flame atomic 
absorption spectrometer equipped with a 100-mm burner 
head, deuterium background correction and an air-acetylene 
(flow rate of 8.5:5.2 L  min− 1 air:acetylene) was utilized. 
A cadmium hollow-cathode lamp (Hamamatsu Photonics, 
Shizuoka, Japan) at a wavelength of 228.8 nm operated at 
4 mA with a monochromator spectral bandpass of 0.3 nm 
was used as a radiation source. The pH values were meas-
ured with a pH meter (Metrohm 827 pH lab, Switzerland) 
supplied with a glass-combined electrode. Phase separation 
was assisted using Centurion Scientific Centrifuge (Model 
Andreas HettichD72, Tuttlingen, Germany). A vortex Gilson 
mixer (Villiers Le Bel, France) was used to desorb the ana-
lyte from adsorbent. Laboratory Oven (Azmon Tajhiz Gostar 
Company, Iran) was used for drying of DS seeds.

Reagents

All reagents were of analytical reagent grade and deionized 
water was used throughout. A stock solution of 1000 mg  L− 1 
cadmium (II) ion was prepared by dissolving appropriate 
amounts of cadmium nitrate tetra-hydrate (Merck, Darm-
stadt, Germany) in 2% (v/v)  HNO3. Working solutions were 
prepared by dilution of stock solution with deionized water. 
HCl (37%),  HNO3 (65%) and  CH3COOH (98–99.5%) as elu-
ent solvents were purchased from Merck Company (Merck, 
Darmstadt, Germany). Ions are used as interfering were 

prepared from their salts as listed in Table 1 and provided 
from Merck, Darmstadt, Germany.

Preparation of adsorbent

The seeds of DS with uniform size were purchased from 
Alborz, Iran, and characterized by Department of Agri-
cultural of Ferdowsi University of Mashhad, Iran. Before 
analysis, DS seeds were stirred in deionized water for 30 min 
to remove impurities and subsequently, collected through a 
400 mesh sieve (with 37 µm pore size) and dried in oven at 
40 °C for 24 h.

Batch method in preconcentration procedure

Fifteen millilitre of sample solution containing 100 µg  L−1 
Cd (ІІ) was adjusted at pH 5–6 and transferred into the vial; 
by addition of 0.1500 g of DS seeds as adsorbent to the sam-
ple solution, the magnetic stirrer was turned on and stirred 
for 25 min. After extraction, the mixture was centrifuged 
for 5 min by 3000 rpm. The supernatant was removed by 
decanting followed by addition of 500 µL of 3 mol  L−1 HCl 
to the adsorbent. The separated solid was vortex for 1 min 
at 2800 rpm to desorb Cd (ІІ) and centrifuged for another 
5 min at 3000 rpm. Finally, the solution containing Cd (ІІ) 
was sprayed into the FAAS for cadmium quantification.

Sample preparation

Different water samples including tap (Obtained from Mash-
had, Iran), spring (Nowchah, Mashhad, Iran) and river 
(Kashaf Rood, Mashhad, Iran) waters were collected from 
their local sources and filtered through 0.45 µm pore size 

Table 1  The effect of interfering ions on the absorbance of 50 μg  L−1 
Cd (ΙΙ)

Interfering ions Added as Concentra-
tion (μg 
 L−1)

Recovery (%)

K+ KNO3 80,000 98.0
Na+ NaNO3 80,000 98.3
Zn2+ Zn(NO3)2 1000 98.9
Cu2+ Cu(NO3)2·5H2O 1000 96.5
Mn2+ Mn(NO3)2·H2O 1000 99.6
Ni2+ Ni(NO3)2 1000 99.1
Pb2+ Pb(NO3)2 1000 98.3
Cr3+ Cr(NO3)3·9H2O 1000 98.0
Fe3+ Fe(SO4)2·NH4.H2O 1000 96.9
Al3+ Al(NO3)3·9H2O 1000 97.7
Co2+ Co(NO3)2·6H2O 1000 99.1
SO4

2− K2SO4 80,000 96.5
Cl− KCl 70,000 99.0
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membrane filter to remove suspended particles. The samples 
were acidified with diluted nitric acid and stored at 5 °C. 
Then, 15 mL of each sample was adjusted at pH 5–6 and 
analyzed for Cd (ІІ) content according to the preconcentra-
tion procedure.

Rice flour sample was purchased from local supermar-
ket in Mashhad, Iran. 2.000 g of sample was weighted and 
transferred into the crucible followed by heating for 2 h at 
400 °C. By addition of 2 mL concentrated nitric acid to the 
crucible; it was heated again at 60–70 °C for 10 min. The 
content of crucible was filtered by Whatman No.42 filter 
paper and diluted to 25 mL with deionzied water. Finally, 
10 mL of the prepared sample was adjusted at desired pH 
value and after dilution to 15 mL; it was analyzed for its 
Cd (ІІ) content according to the preconcentration procedure.

Results and discussions

Different parameters affecting the extraction efficiency such 
as pH, amounts of DS seeds, type and concentration of elu-
ent solvent, desorption time and ionic strength were com-
pletely investigated and optimized.

Characterization of functional groups

DS seeds have a strong adsorption potential for preoncen-
tration of Cd (II) owing to various functional groups such 
as hydroxyl, carbonyl, sulfur, ether and ester groups on its 
surface. The presences of these functional groups were 
reported previously by other researchers [19–21]. Figure 1, 

shows the IR spectrum of powdered DS seeds. Different 
peaks were observed at 3441 cm−1 (the stretching vibra-
tion of O–H), 1729–1746 cm−1 (the stretching vibration 
of C=O), 1056 cm−1 (the stretching vibrations of C–O–C 
groups). 1631 cm−1 (the asymmetric vibrations of –COO−), 
1369 cm 1 (the symmetric stretching vibrations of –COO−), 
1240 cm−1 (the stretching vibration of C–O in carboxylic 
acids). These results indicate that the electrostatic and coor-
dinative interactions between different functional groups 
specially –COO− group and Cd (ІІ) ions may play a major 
role.

Effect of pH

pH has an important effect on the absorbance of heavy met-
als in solid phase extraction [15]. The effect of pH on the 
absorbance of Cd (ІІ) was studied in the range of 2–9. Based 
on the results shown in Fig. 2, the absorbance increased 
from pH 2 to 5, leveled off at pH 5–6 and decreased gradu-
ally at higher pH values than 6. It can be concluded that at 
low pH values, the functional groups on the surface of DS 
seeds have been protonated which electrostatically repulse 
the positive cadmium ion. However, at high pH values cad-
mium hydroxide was formed in solution which can decrease 
the extraction efficiency. Therefore, pH 5–6 was selected as 
the optimum value.

Effect of amounts of DS seeds

The effect of amounts of DS seeds on the absorbance of Cd 
(ІІ) was studied in the range of 0.05–0.30 g. According to the 

Fig. 1  FT-IR spectrum of powered DS seeds
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results shown in Fig. 3, the absorbance of Cd (ІІ) increases 
by increasing the amounts of adsorbent up to 0.1500 g and 
with a slight decrease it remained constant afterwards. This 
decrease may be related to the aggregation of DS seeds 
and decreasing its available surface. Therefore, 0.1500 g of 
adsorbent was selected as the optimum value.

Effect of extraction time

The extraction time is an important parameter in solid phase 
extraction [15]. The effect of extraction time on the absorb-
ance of Cd (ІІ) ion was studied in the range of 5–45 min and 
presented in Fig. 4. According to the results, 25 min extrac-
tion time is the optimum value.

Effect of type, concentration of eluent solvent 
and desorption time

In order to choose the most effective eluent for quantitative 
stripping of the Cd (ІІ) ion retained by the adsorbent,  HNO3, 
HCl and  CH3COOH at different concentrations, 1 mol  L−1 
(pH = 0 for HCl and  HNO3 and pH = 2.3 for  CH3COOH), 
3 mol  L−1 (pH= − 0.47 for HCl and  HNO3 and pH = 2.1 for 
 CH3COOH) and 5 mol  L−1 (pH= − 0.70 for HCl and  HNO3 
and pH = 2.0 for  CH3COOH) were examined. According to 
the results shown in Fig. 5, HCl is more efficient to desorb 
the Cd (ІІ) from the adsorbent. Therefore, 3.0 mol  L−1 HCl 
(pH= − 0.47) was selected as the optimum eluent solvent. 
The effect of desorption time on the absorbance of Cd (ІІ) 

Fig. 2  The effect of pH on 
the absorbance of Cd (II). 
Conditions: 100 µg  L−1 Cd 
(II), 0.1500 g DS seeds, 3 mol 
 L−1 HCl as eluent solvent and 
25 min extraction time

Fig. 3  The effect of amounts of 
DS seeds on the absorbance of 
Cd (II). Conditions: 100 µg  L−1 
Cd (II), pH 5–6, 3 mol  L−1 HCl 
as eluent solvent and 25 min 
extraction time
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was studied by the vortex of solid phase in the range of 
1–10 min at 2800 rpm. According to the results (Fig. 6), 
1 min vortex time at 2800  rpm provided the maximum 
absorbance for determination of Cd (II) ion.

Effect of ionic strength

The effect of ionic strength on the absorbance of Cd (II) ion 
was studied in the range of 0.1–3% (w/v)  KNO3 solution. 
The results in Fig. 7 show that, the absorbance remains con-
stant up to 0.5% (w/v) and it gradually decreases at higher 
concentrations of  KNO3.

Fig. 4  The effect of extraction 
time on the absorbance of Cd 
(ІІ). Conditions: 100 µg  L−1 Cd 
(II), pH 5–6, 0.1500 g DS seeds 
and 3 mol  L−1 HCl as eluent 
solvent

Fig. 5  The effect of type and concentration of eluent solvent on the 
absorbance of Cd (II). Conditions: 100 µg  L−1 Cd (II), 0.1500 g DS 
seeds, pH 5–6 and 25 min extraction time

Fig. 6  The effect of desorption 
time on the absorbance of of Cd 
(ІІ). Conditions: 100 µg  L−1 Cd 
(II), pH 5–6, 0.1500 g DS seeds, 
3 mol  L−1 HCl as eluent solvent 
and 25 min extraction time
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Effect of interfering ions

The effect of different cations and anions on the adsorption 
of Cd (ІІ) ion on the DS seeds was completely investigated 
and the results are shown in Table 1. Ions are considered 
as interfering when their presence cause a variation in the 
absorbance of the sample greater than ± 5%. The results 
show that the proposed preconcentration method has a good 
potential for microextraction of Cd (ІІ) ion in different water 
samples.

Adsorption isotherm

For the sorption isotherms, initial metal ion concentration 
was varied while the pH of solution and adsorbent weight in 
each sample was held constant. The sorption isotherms were 

realized with 0.1500 g of DS seeds in 15 mL of sample solu-
tion. The effects of Cd (II) ion concentrations on the sorbent 
were also analyzed in terms of Langmuir [(Ce/Qe) = (1/Qm)
b + (Ce/Qm)] and Freundlich isotherm  (Qe=KfCe

n) equa-
tions, where  Qe is the amount of metal ions sorbed per unit 
mass of the sorbent (mg  g−1) and  Ce (mg  L−1) is the amount 
of metal ions in the liquid phase at equilibrium.  Qm and b 
are the capacity parameter (mg  g−1) and affinity parameter 
or Langmuir constant (L  g−1) and  Kf and n are the coeffi-
cients of Freundlich equation [15]. By dividing of Langmuir 
equation to  Ce, the following equation [1/Qe = (1/CeQm) 
b + 1/Qm] was obtained. Figure 8, shows the Langmuir 
graph which shows that it is linear  (R2 = 0.9862). Langmuir 
monolayer capacity,  Qm, for this sorbent is 11.9 mg  g−1 and 
therefore the seeds of DS can take up an acceptable amount 
of cadmium ions. Also, the Langmuir constant (b) had the 

Fig. 7  The effect of ionic 
strength on the absorbance of of 
Cd (ІІ). Conditions: 100 µg  L−1 
Cd (II), pH 5–6, 0.1500 g DS 
seeds, 3 mol  L−1 HCl as eluent 
solvent and 25 min extraction 
time

Fig. 8  Langmuir plot for Cd (II) 
adsorbed on DS seeds. Condi-
tions: 50–200 mg L −1 Cd (II), 
pH 5–6, equilibrium time 6 h
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values of 65.83 L  g−1. The empirical Freundlich isotherm 
(Fig. 9) yielded a linear plot  (R2 = 0.9966) and values of the 
coefficients n (0.61) and  Kf (0.44) indicated that the sorb-
ent had a good potential to be used as an adsorbent for Cd 
(II) [15]. According to these results both the Freundlich and 
Langmuir models are suitable for describing the biosorption 
equilibrium of Cd (ІІ) by DS seeds.

Analytical figures of merit

The analytical characteristics of the proposed SPE method 
including enrichment factor (EF), linear range, limit of 
detection (LOD) and relative standard deviation (RSD, %) 
were examined for the extraction of Cd (ІІ) from aqueous 
solution. Under the optimum conditions, the calibration 
curve was linear in the range of 5–300 µg  L−1 Cd (ІІ), with 
a correlation coefficient of 0.998. The calibration equation 
was determined to be A = 0.0021C + 0.0016, where A is the 
analytical signal measured as absorbance and C is the con-
centration of Cd (II) in micrograms per liter. The limit of 
detection (LOD) based on three times of standard deviation 
of blank (n = 8) was 1.0 µg  L−1 and the relative standard 
deviation (RSD, %) for seven replicate analysis of 25 µg  L−1 
Cd (ІІ) was 3.2%. The enrichment factor (EF) was calculated 
as the ratio of the slope of a calibration curve prepared from 
aqueous solutions submitted to the recommended precon-
centration procedure, and that obtained without the precon-
centration and found to be 20. Preconcentration factor (PF), 
calculated as the ratio between the volume of the aqueous 
phase (15 mL) and the final volume of the extraction phase 
(500 µL), was 30.

Analysis of real samples

In order to check the applicability of the proposed method, it 
was applied to determine Cd (ІІ) in different water samples. 
To check the accuracy of the obtained results, spike method 

was also examined on the samples. The results are shown 
in Table 2. Also, the accuracy of the method was validated 
by the analysis of WatR™ Supply Metals 697 (Lot number: 
S198-697) water sample. The observed value for the analysis 
of CRM was 38.6 µg  L−1, which is in good agreement with 
the certified value of 39.8 µg  L−1 Cd (II).

Comparison to other methods

Table 3 shows the comparison of the proposed method with 
some reported methods for determination of Cd (II). As can 
be seen, the proposed method has advantages such as sim-
plicity and environmentally friendly. Also, the linear range 
and limit of detection of the proposed method is comparable 
to other reported methods.

Conclusion

For the first time, Descurainia Sophia (DS) seeds as a novel, 
green and efficient adsorbent was used for preconcentration 
of Cd (ІІ) followed by its determination by FAAS. By the 
use of DS seeds as adsorbent different parameters affect-
ing the extraction efficiency were determined. The obtained 
results show that DS seed have good potential to remove 
of Cd (ІІ) from water samples which makes it a green and 
efficient adsorbent in solid phase extraction. Also, the results 
of adsorption behavior show that DS seeds obey both Freun-
dlich and Longmuir equation for determination of Cd (ІІ).

Fig. 9  Freundlich plot for Cd (II) adsorbed on DS seeds. Conditions: 
50–200 mg L −1 Cd (II), pH 5–6, equilibrium time 6 h

Table 2  Analysis of real samples for determination of Cd (II). Results 
(mean ± standard deviation based on three replicate analyses)

a Obtained from Mashhad, Iran
b Not detected
c Nowchah, Iran
d Kashaf Rood, Mashhad, Iran

Sample Added (µg  L−1) Founded (µg 
 L−1)

Recovery (%)

Tap  watera – NDb –
10.0 10.5 ± 0.2 105.0
25.0 25.4 ± 0.7 101.6

Spring  waterc – ND –
10.0 10.6 ± 0.3 106.0
25.0 26.1 ± 0.6 104.4

River  waterd – 6.11 ± 0.3 –
10.0 15.8 ± 0.4 98.1
25.0 30.8 ± 0.7 99.0

Rice flour (µg 
 g−1)

– ND –

0.2 0.21 ± 0.01 105.0
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