
 

 

Article 

Ultra-Sensitive Determination of Cadmium in Food and Water 
by Flame-AAS after A New Polyvinyl Benzyl Xanthate As An 
Adsorbent- Based Vortex- Assisted Dispersive Solid-Phase  
Microextraction: Multivariate Optimization 

Abstract: Background: The Ccadmium (Cd) is a very toxic and carcinogenic heavy metal even at 
low levels and it is naturally present in water as well as in food. Methods: A new polyvinyl benzyl 
xanthate (PvbXa) was synthesized and used as a new adsorbent in this work. It contains pendant 
sulfide groups on the main polystyryl chain. Using this new adsorbent, PvbXa, a vortex- assisted 
dispersive solid-phase microextraction (VA-dSPµE) procedure was developed for the determination 
of cadmium from food and water samples via flame atomic absorption spectrophotometry (FAAS). 
Synthesized PvbXa was characterized with by 1H Nuclear magnetic resonance (NMR) Spectroscopy, 
Fourier Transform Infrared Spectroscopy (FTIR), and X-Ray Photoelectron Spectroscopy (XPS). The 
different parameters of pH, sample volume, mixing type and time, sorbent amount, and eluent time 
were optimized using standard analytical methods. Results: The optimized method for assessment 
of Cd in food and water samples shows good reliability. The good optimum conditions were found 
like to be a 0.20–150 µg L−1 linear range, 0.06 µg L−1 LOD, 0.20 µg L−1 LOQ, 4.3 RSD %, and 160 a 
preconcentration factor of 160. Conclusions: The statistically experimental for variables were uti-
lized using a central composite design (CCD). The present method is a low- cost, simple, sensitive, 
and very effective tool for the recovery of Cd. 

Keywords: vortex- assisted dispersive solid-phase microextraction; cadmium; food and water  
samples; polyvinyl benzyl xanthate; factorial design 
 

1. Introduction 
Water is necessary for the survival of human life and also for animals, plants, and 

their living organisms. Moreover, water is important which is required for domestic and 
agricultural purposes, and the maximum allowable limit of Cd in water is 3 µg L−1 [1]. 
With the growth of living standards, water and food security has have continued to be-
come a major concern and get have received extensive public consideration in recent years 
[2]. ThoughFurthermore, rice and water are facing growing risks because of the serious 
hazards of heavy metals. 

Food is the main source of Cd intake worldwide, particularly foods from of vegetable 
origin (potatoes, tomatoes, cereals, onion, leafy vegetables, apple spinach, and roots). 
AboutApproximately 90% of the total Cd intake is by via food, such as while the other 
10% of Cd comes from drinking water and ambient air [3,4]. 

Rice is a vital constituent of the human diet for around half of the world’s residents 
of world. The existence of heavy metals like Cd in rice showed leads to serious health 
concerns for aboutapproximately 3 billion populations people in the world those as they 
eatsconsume rice as a chief primary food, and these peoples might be at risk of heavy 
metal-s related health concerns [5]. Rice is a main primary source of carbohydrates, min-
erals, and vitamins, and is also a very important food harvests for calories and the intake 
of nutrientstion. Rice is a commonly good food for infants due to the low risk of palata-
bility and allergy [6]. Rice is extra affected through by the increase in the level of heavy 
metals such as cadmium as compared to other harvests. Rice farming is always done per-
formed in flooded environments, and greater levels of Cd in the land may reduce the rice 
production [7]. 

 



 

 

The Cd is a very toxic metal, which is enters into the human body from via water 
and, food and collects in huge amounts [8–10]. Cadmium is one of the main pollutants in 
the soil and, water, and it may also come enter in the human body via cigare[e smoking 
or the food chain. Vegetables and grains may absorb cadmium metal from the soil [11]. 
The cCadmium concentration in rice is commonly high in the Cd- contaminated areas [12]. 
Cadmium exposure is associated to with various health issues, like liver disease, cardio-
vascular diseases, cancer, osteoporosis, and renal dysfunction [13,14]. Rice (Oryza sativa 
L.) is a main primary staple for the 50% population of all the world’s population, which 
as it helps to provides major calories, protein, minerals, and vitamins to the people [15]. 
Rice is the a basic food in all over the world, and in 2008, the world-wideglobal rice- cul-
tivated area was 1.46 × 108 hectares with 7.82 × 108 tons of production. Asia is the chief 
provider of the production and consumption of the rice in all over the world, with coun-
tries such as China, Indonesia, Pakistan, Thailand, India, and Bangladesh being the lead-
ing rice-cultivating countries [16]. The China and the European Union set guidelines of 
for Cd in rice is with the maximum residue level (MRL) of 200 µg kg−1 and Australia and 
Russia set the guidelines (MRL) of Cd intake is to be 100 µg kg−1 [17]. The Cd in water is 
commonly a result of the weakening of galvanized plumbing, phosphate fertilizer use,s 
and industrial waste. Cadmium is a very poisonous element, and higher levels of Cd in 
the water may cause vomiting, cancer, and digestive issues [1]. 

There are various instruments were applied for the analysis of the Cd from in food 
and water samples such as atomic emission spectrometry [18], the flame atomic absorp-
tion spectrophotometer (FAAS) [19,20], inductively coupled plasma mass spectrometry 
[21], X-ray fluorescence spectrometry [22], surface-enhanced Raman spectroscopy [23], 
high- performance liquid chromatography (HPLC) [24], and voltammetry [25]. These in-
struments are have high price costs and require the necessary experience for the determi-
nation of heavy metals. The FAAS showed great consideration potential forin the assess-
ment and extraction of metals because of its low cost, easy to operatione, fast response, 
and best high precision and accuracy. 

The concentration of matrix constituents of real samples is very high, therefore pre-
concentration techniques and other related methods are used, such as solid- phase extrac-
tion, dispersive liquid– liquid microextraction, etc. [26–28]. Polymeric materials are used 
as an adsorbent in dispersive solid- phase microextraction studies. Our daily life uses new 
polymer materials based on block/graft copolymers. Post- polymer modifications and 
changing the polymer topology are of great importance in polymer science [29]. Well 
known that Tthe high reactivity of cadmium (II) to sulphide moieties is well known, there-
fore we prepared a new adsorbent with high sulphide content. In order to synthesize this 
new type of adsorbent, poly (vinyl benzyl chloride) was reacted with potassium salt of 
xanthate. This new polymer is also a macro RAFT agent and is important for block/graft 
copolymer synthesis [30]. 

Here, it is we reported a new sorbent, the- xanthate functionalized polyvinyl benzyl 
chloride (PvbXa) with rich sulphide groups, for the vortex- assisted dispersive solid-phase 
microextraction (VA-dSPµE) of Cd from food and water by the FAAS. The VA-dSPµE is a 
newly applied method for extraction. The Mmultivariate statistical analyseis such as fac-
torial design (the response surface model, Ppareto, and the ANOVA model) were em-
ployed to access assess the important effects of the variables on extraction recovery. 

  



 

 

2. Materials and Methods 
2.1. Reagents 

Potassium salt of ethyl xanthate (KXa) was supplied from by Alfa Aesar and empol-
yed employed as received. 4-Vinyl benzyl chloride (vbc) was supplied from by Sigma-
Aldrich. Carboxylic acid terminated by three thio carbonate raft agents (R2) was prepared 
according to the method reported in the cited reference [31]. Dimethyl formamide (DMF) 
and 2,2′-azo bis iso butyro nitrile (AIBN) were brought from Sigma-Aldrich. The reagents 
and materials used in the experimental studies are listed below with the suppliers and the 
reasons for their use. A 1000 mg L−1 stock solution of Cd(II) ion was ready prepared from 
using its Cd(NO3)2 salt from Sigma-Aldrich (St. Louis, MO, USA). Calibration solutions 
for the FAAS and working solutions to be used in the extraction were prepared via dilu-
tion from the stock solution. Necessary pH adjustments were made using citrate, borate, 
acetate, and phosphate buffer solutions to ensure effective adsorption of Cd(II) onto the 
sorbent. 

Acetonitrile (Sigma, ACNcan), methanol (Thermo Fisher Scientic Inc., Waltham, MA, 
USA, MeOH), ethanol (Thermo Fisher, EtOH), heptanol (Sigma), and acetone (Carlo Erba 
Milan, Italy) were used as the eluent solvent. 

2.2. Characterization 
The 1H NMR spectra of polymer samples were taken measured by the Bruker Ultra 

Shield. The elemental analysis of the polymer samples was taken performed using a 
Thermo-Scientific X-Ray Photoelectron Spectroscopy (XPS). The XPS analysis was 
achieved in the range of 10 and to 1350 eV through by scanning 20 times from the a single 
point. Information about the devices we used in our study, which consisted of the extrac-
tion step, the determination step, synthesis, step and characterization step, is detailed be-
low. A vVortex (VG3 model, Germany) was utilized to disperse the sorbent in the sample 
solution. A cCentrifuge device (Universal-320 model, England) was employed to isolate 
the sorbent from the aqueous solution. A pH meter (JP Selecta, Barcelona, Spain) was uti-
lized to optimize the desired pH. The amount of cadmium in the studied samples was 
determined by a FAAS (Shimadzu AAS-6300 model, Kyoto, Japan) equipped by with a D2 
background corrector. A cadmium hollow cathode lamp was used as the light source. The 
FAAS device were was used as recommended through by the manufacturer. A Milli-Di-
rect Q3 purification system (Millipore, Bedford, MA, USA) was utilized to achieve ultras-
pure water, which was utilized in the preparation of all solutions. The dDigestion of the 
collected samples was achieved with a microwave system (Milestone Ethos, Italy). 

2.3. Sample Collection 
The validation of the VA-dSPµE procedure was evaluated by standard reference ma-

terials such as INCT-TL-1 Tea leaves, SRM-1547 Peach leaves, and SRM-1643e Trace ele-
ments in water. Water samples were composed collected from in Sivas city in Turkey. The 
cCollected water samples were filtered using a 0.45 µm membrane filter into a 250 mL 
beaker and acidified and stored at +4 °C until analysis. Food samples including apples, 
spinach, salad, tomatoes, onions, oats, corn, aubergine, wheat, rice, and mushrooms were 
collected from a greengrocer from in Sivas city in Turkey. After the collected food samples 
were dried, the samples were homogenized by via pulverizationing with a lab grinder. 

2.4. Microwave Digestion 
The following microwave digestion process was then applied to the samples. First, 

0.5 g of both the collected food samples and the reference material were weighed using 
analytical balances and transferred to Teflon cups. Then, a 1:4 mixture of hydrogen per-
oxide (1 mL) and nitric acid (4 mL) was added to the samples. Then, stoppered caps of 
tubes and were kept in the microwave system, and they were subjected to micro-digestion 
for 15 min at 20 bar pressure, 1800 W power, and 200 °C temperature. Then, the samples 



 

 

were cooled at room temperature cooled samples and finally diluted to 25 mL by deion-
ized water to apply the nanoparticle-based VA-dSPµE procedure. 

2.5. Synthesis of Polyvinyl Benzyl Xanthate (PvbXa) Sorbent 
A mMixture of 0.074 g of R2, 0.021 mg of AIBN, and 15.0 g of vbc in 7.19 g of Toluene 

was polymerized at 80 °C in argon for five 5 h. The oObtained polymer, polyvinyl benzyl 
chloride (Pvbc), was precipitated into the 200 mL of methanol. It was dried at 40 °C for 24 
h under a vacuum. In the second step, 2.0 g of Pvbc was dissolved in 10 mL of THF. KXa 
(2.56 g) was added portion- wise into the solution and left to be react withed each other 
under continuously stirring at 40 °C for 72 h. Then the filtered solution was filtered to 
eliminate unreacted KCl and xanthate. The sSolvent was evaporated. The obtained macro 
RAFT agent, PvbXa, was precipitated in methanol and dried at room temperature under 
a vacuum for 24 h. The yYield was 5.93 g. 

Polyvinyl benzyl xanthate was prepared using the exchange reaction between the 
chloromethyl group of Pvbc and potassium xanthate (Kxa) with the produceding side 
product, KCl. Structural characterization of the obtained PvbXa was achieved by 1H NMR. 
Figure 1 shows the 1H NMR spectrum of PvbXa with signals marked with functional 
groups. 

The FTIR was utilized for to find outdetermine the presence of functional groups in 
the samples (Figure 2). There are Ddifferent peaks were appeared in the spectra, and char-
acteristic signals were observed at 3020–3040 and 1509 for pyridyl, 2850–2979 for C-H, 
1723–1562 for –C-S-, and 670–701 cm−1 bands for –C-S- groups [32]. The wWide band at 
3390 cm−1 comes from the water residue [33]. 

The eElemental identification and quantification of PvbXa was were performed using 
an XPS analysis. EspeciallyIn particular, the existence of sulphide was observed at around 
20 wt.%. It This was calculated from the XPS survey scans of PvbXa (Figure 3). Figure 3 
shows the binding energies of the atom in XPS survey scans of PvbXa. 

 

2.6. VA-dSPµE Procedure 
The experimental steps of the VA-dSPµE procedure for the efficient and selective ex-

traction of Cd(II) are as follows:. 10 mL of the digested samples or 200 mL of water samples 
were transferred into the conical tubes. Then, 125 mg of synthesized PvbXa was added to 
the tubes. In the third step, pH was adjusted at to 4.5 by the acetate buffer to facilitate the 
adsorption of Cd(II) ions in the solution onto the PvbXa. Then the vortexed tubes were 
vortexed at 200 rpm for 8 min to confirm the effective distribution of the added PvbXa 
added into the sample solution, then and the tubes were then centrifuged for 5 min at 4000 
rpm to collect the snow sorbent at the bo[om of the tube. The aqueous portion was 
drained by decantation. To get obtain the Cd(II) ions adsorbed onto the solid back into the 
measurement solution, 1250 µL of EtOH was added and vortexed for 120 s. Finally, Cd 
determination was performed by injecting the death solution into the atomization section 
of the FAAS. All experimental steps were carried out together with the reagent blank. 

2.7. Factorial Design 
Factorial designs at three levels are mostly utilized for by screening the impact of the 

variables on the response and removinge those variables which that are not significant 
[34]. The present study 3 coded low (−1), middle (0), and high (+1) levels, which were 
optimized used using a central composite design (CCD) (Table 1). The 30 experimental 
runs drawn in the factorial design used four variables, namely such as pH, sorbent 
amount in mg, mixing time (min), and sample volume (see Table 2). 

  



 

 

3. Results 
3.1. Optimized Factorial Design 
3.1.1. Response Surface Plots 

Three-dimensional 3D plots were applied for the cadmium. These 3D plots are suit-
able to for recognizing thee interaction among the factors and measuringe the optimum 
conditions of each factor. Surface plots determine the influence of two factors [35]. The 
Figure 4a shows the response surface drawn for pH and the sorbent amount, and the plot 
depicts that the recovery of Cd was high when increasing the pH from 2 to 4 and the 
sorbent amount from 20 to 120 mg, and thenwhile a reductions was observed with the 
continuous increase in the level of pH and sorbent amount from 4 to 10 and 120 to 200 mg, 
respectively. Therefore, the maximum recovery of the analyte was achieved at 4 pH 4 and 
120 mg a sorbent amount of 120 mg. The Figure 4b shows the response surface established 
for pH and mixing time, and the plot depicts that the recovery of the analyte was in-
creaseds with an increaseding mixing time from 2 to 8 min and then decreaseds with a 
continuous increase in the mixing time from 8 to 20 min at the optimized pH level of 4. 
The Figure 5a shows the response surface obtained for the pH and sample volume, and 
the plot describes that the recovery of the analyte was decreaseds with an increasing sam-
ple volume from 25 to 250 mL at the optimized pH level of 4. The Figure 5b shows the 
response surface established for the sorbent amount and mixing time, and the plot repre-
sents that the recovery of the analyte increaseds with an increasing sorbent amount and 
mixing time from 20 to 120 mg and 2 to 8 min, respectively, then decreaseds with a con-
tinuous increase in the level of sorbent amount and mixing time. The Figure 6a shows the 
response was obtained for the sorbent amount and sample volume, and the plot repre-
sents that the recovery of the analyte decreases with an increasing sample volume at the 
optimized sorbent amount of 120 mg. The Figure 6b shows the response surface obtained 
for mixing time and sample volume, and the plot represents that the recovery of the ana-
lyte decreaseds with an increasing sample volume at the optimized low mixing time of 8 
min. 

 

3.1.2. Analysis of Variance ANOVA 
After conductingon of the CCD model, ANOVA was utilized to evaluate the signifi-

cance level of the proposed model (see Table S1). The model is significant and fit if the p-
value is <0.05 [35]. The p-value was obtained from 0.0 to 1.0 and therefore variables B, C, 
D AA, BB, CC, and DD were significant and showed the model is was fit at as the p-value 
was (<0.05). Other variables were not significant with as p-values were greater than (>0.05). 

3.1.3. Pareto Chart 
The effects of variables were estimated utilizing the Pareto chart of standardized ef-

fects [36]. The plot is linked to the absolute value of the probable standardized influence 
and vertical line (2.160) with value statistically significant effects at the 95% confidence 
level (see Figure 7). According to the obtained results, the sorbent amount (B), mixing time 
(C), sample volume (D), and combined factors of, DD, AA, CC, and BB were fit in the 
model, and these variables showedn significant effects on the recovery of cadmium. Other 
variables did not fit and presented no significant effluents effects on the result of Cd in the 
samples. 

3.1.4. Normal and Half Normal Plots 
These plots are useful to explain the factors and indicateion the significant and non- 

significant levels of the variables [37]. According to the obtained results, the sorbent 
amount (B), mixing time (C), sample volume (D), and combined factors of CC, AA, DD, 
and BB were fit in the model (see Figure 8a,b), and these variables showedn significant 



 

 

effluents effects on the recovery of cadmium, and while other variables are were not sig-
nificant due to the lack of model fit model. 

3.1.5. Residuals Plots 
The residual plots are useful to measure the excellence of the model, and residuals 

must will normally be sca[ered, if the model is fit and significant [38]. The Figure 9a de-
scribes the normal probability versus internally standardized residuals, and there is no 
significant distribution deviance from the straight line. The Figure 9b histogram in Figure 
9b indicatingshows that the vertical bar line distributionng in of negative and positive 
values, and this plot indicates that the model is normally distributeding forin both signif-
icant and insignificant values. Furthermore, the residuals plo[ing versus the fi[ed values 
(shown in Figure 9c,d), demonstrate that residuals were dispersed in with random behav-
iour on both sides of the critical line, which shows a good agreement of between the 
achieved results achieved in by the model and exposed indicates that the model is statis-
tically significant. 

 

3.2. Effects of Parameter for Recovery of Cadmium 
There are Ddifferent working parameters were used, and checked their impact on the 

extraction recovery of Cd was determined. The impacts of pH on the extraction recovery 
of Cd in food and water samples was were studied with ain ranged of (2 to 10) (see Figure 
S1). The recovery of Cd was a[ained under acidic pH environments at pH 4. The Ffurther 
study done was performed via by keeping the value of pH of the sample at 4 for the re-
covery of cadmium. 

The aAmount of sorbent plays an important for role in the extraction of cadmium, 
and the sorbent amount was studied in a range ofd 25 to 200 mg (see Figure S2). It was 
observed that the recovery of Cd was increased when increased the amount of sorbent 
was increased to 125 mg; after that, recovery was decreased, it iswhich may be due to the 
active site was being achieved at 125 mg so a that greater sorbent amount could improve 
the recovery of Cd. Therefore, 125 mg amount of sorbent was the amount optimized for 
further study. 

There are many types of mixing procedures are reported; therefore, in the present 
study, different types of mixing methods were applied for to mixed the amount of sorbent, 
solvent, and sample. These methods are vortex, sonication, hand mixing, and orbital shak-
ing and were applied in the this study and to assess their efficiency on in the recovery of 
Cd (see Figure S3). The rResults indicated that vortex mixing exposed produced be[er 
extraction recovery of cadmium as compared to other mixing procedures, and vortex was 
therefore optimized for further work. There is Ddifferent mixing times were studied, in 
with a range ofd 2.5 to 20 min (see Figure S4), and a mixing time of 7.5 min showed be[er 
recovery of cadmium., The results revealed that a higher mixing time did not improve the 
recovery of Cd. Therefore, a mixing time of 7.5 min was selected for further work. 

For the be[er extraction recovery of cadmium, the selection of the eluent solvent is 
important, and in the present study, five different types of solvents were used, such as-
namely acetonitrile (ACN), acetone, heptanol, MeOH, and EtOH (see Figure S5). The re-
sults indicated that EtOH exhibited be[er recovery of cadmium as compared to the other 
solvents and was therefore adjusted for further work. The vVolume of the EtOH solvent 
was studied in the range ofd 200 to 1400 µL and the results showed that the extraction 
recovery of cadmium was increased with an increased volume of the EtOH solvent of up 
to 1250 µL (see Figure S6). Therefore, an EtOH volume of 1250 µL was adjusted for the 
study. The eluent time studied in ranged from 20 to 180 s, and the results showed that the 
extraction recovery of cadmium was increased with an increased eluent time of up to 120 
s (see Figure S7). Therefore, an eluent time of 120 s was adjusted for the study. 

Different numbers of resumes of the sorbent were studied in and ranged from 1 to 
20; and it was observed that the recovery of Cd was slightly decreased when increased the 



 

 

number of resumes of the solvent increased, therefore a low resume of the sorbent was 
favourable for be[er recovery of cadmium (see Figure S8) and was chosen for further re-
search work. 

The vVolume of the sample shows a major effect on the interactions between the ex-
tracting and analyte ions. The volume of the sample varied from 25 to 250 mL (see Figure 
S9). The rResults showedn that when the volume of the sample was low, the maximum 
extraction recovery of Cd was obtained, but, when the volume of the sample was in-
creased, then recovery of Cd was decreased. Therefore, maximum recovery was obtained 
at a sample volume of 200 mL for to obtain a high preconcentration factor. 

3.3. Matrix Effect 
The tolerance limit of concomitant ions is definitive as ion concentrations causeing a 

relative error of analyte ions lower than 5% (Table S2). It is seeingwas determined that 
concomitant ions did not disturb the recovery of analyte ions. The results show that VA-
dSPµE of cadmium from samples via FAAS can be easily application applied to highly 
saline samples. The pPresent VA-dSPµE method has is highly selective for uses to in wa-
ter, environmental samples, and food samples for the extraction of the Cd ions. 

3.4. Analytical Figure of Merits 
The aAnalytical performance of the VA-dSPµE method was assessed via using LOD, 

LOQ, LR, extraction recovery (ER), intraday and intraday precision, PF, and EF. Blank 
solutions including eleven different samples were used for the calculation of parameters 
using the VA-dSPµE method. The LOD was found to be 0.06 µg L−1 and LOQ was 0.20 µg 
L−1. The cCalibration curve was linearity in 0.20–150 µg L−1 and R2 was 0.995. Intraday pre-
cision (N = 5) was found to be 2.4, 3.1, and 3.6% for 1, 50, and 100 µg L−1 of Cd(II), respec-
tively. Inter-day precision (N = 5) was found to be 2.7, 3.7, and 4.3% for 1, 50, and 100 µg 
L−1 of Cd(II). The PF and EF of the VA-dSPµE method was achievewere 160 and 100, re-
spectively (see Table 3). The EF was calculated by using the ratio of the direct calibration 
curves’s slopes obtained with and without the VA-dSPµE method. The PF was calculated 
from the ratio of the initial volume to the final volume. 

3.5. Validation and Applications of Present Method 
Validation of the present VA-dSPµE method was tested with three different certified 

reference materials (INCT-TL-1 Tea leaves, SRM-1547 Peach leaves, SRM-1643e Trace ele-
ment in water) (Table 4). The rResults were definitive with certified values, and no differ-
encest was were obtained, and 95–98% recovery was found. 

The present VA-dSPµE method was utilized to in various water samples comprising 
tap water, well water, bo[led water, and cold spring water. To measure the accuracy of 
the present VA-dSPµE method, the spiked samples were spiked with standard solutions. 
Regarding The 75 ng mL−1 level of spiked for Cd(II), the recovery was obtained fromof 92–
98% was obtained and RSD values were found to be below 3.0% (Table 5a). The pPresent 
VA-dSPµE method was utilized for microwave- digested food comprising apple, spinach, 
salad, tomatoes, onion, oat, corn, aubergine, wheat, rice, and mushroom samples. Cad-
mium levels in the measured samples were found in µg g−1 levels with a 1.4–4.3% RSD 
value (Table 5b), and the achieved result was found to be within the WHO limits [14]. 
There are not any risks to in the consumption of the analyzed food samples with respect 
to human health. However, food samples should be analyzed more often analysis with 
respect to cadmium. 

4. Discussion 
In tThe present study, a new polyvinyl benzyl xanthate (PvbXa) as adsorbent- based 

VA-dSPµE procedure was developed for the determination of Cd from food and water 
samples via FAAS. The value of pH is a critical factor that may significantly affect the 



 

 

efficiency of extraction and metal separation through the microextraction procedure com-
prising thees prior formation of the complex, which have has sufficient hydrophobicity 
[39]. The interaction of metal–-ligand interaction for complex formation and efficiency of 
extraction is directly dependent on the pH level of the solution. There isA factorial design 
was utilized for screening the impact of the variables on the response and removinge 
thosethe variables which that are not significant [34]. The CCD model is a powerful tool 
for analyzsing the optimum level of parameters used in the analysis of Cd in food and 
water samples. There Ddifferent plots were obtained in the factorial design such as 3D 
plots, Ppareto charts, residual plots, and p-values and F-values in ANOVA. These plots 
are very effective to in know determining the optimum levels of parameters, and their 
significance levels were described by the CCD model. Many methods reported for use in 
the determination of Cd and in the present work was were compared with other described 
procedures. Sorouraddin et al. developed the reversed-phase dispersive LLME procedure 
for the extraction of Cd ions in certain some cosmetic products such as different lipsticks 
and cream samples, and recovery was achieved fromof 88 to 98% was achieved [26]. 
Shishov et al. analyzed the Cd in vegetable oil by reversed-phase DLLME using DES as a 
solvent with the help of voltammetry and 85% recovery of Cd was reported. The effect of 
the DES solvent, extraction time, and centrifugation time, and interference study were also 
studieds [27]. Xue et al. determined Cd in tea, water, distilled spirits, and juice by succes-
sive homogeneous liquid-liquid microextraction, and 77.0–92.3% recovery was observed 
[40]. Sun et al. compared the study on recovery of Cd(II) by FAAS using UA-DLLME and 
the results indicated that 96.7 to 113.6% was achieved in (glutinous rice, polished rice, and 
brown rice samples [41]. Shamsipur et al. prepared a the Natural DES-–based ultrasound-
vortex-assisted DLLME determination of trace levels of Cd ions in food and water. The 
Llinearity was found in the range of 0.001–7.5 µgL−1, (R2 = 0.995). The planned method 
provided a good LOD of 0.37 × 10−4 and, LOQ of 1.24 × 10−4 µgL−1. The PF factor was ob-
tained at 125 and RSD% was 2.65%. The Moreover, 95–99% recovery of Cd was reported 
by used the proposed procedure [42]. Elik and Altunay reported the MIL-DLLME proce-
dure for the recovery of Cd ions from different water and food samples. The dynamic 
range for recovery of Cd(II) was 2–700 ng mL−1. The LOD was 0.6 and the LOQ was 2.0 ng 
mL−1. The RSD% was found to be 1.5%, with while EF was 172, and 98% recovery of Cd 
was reported [43]. Yang et al. developed graphene oxide from pencils for solid-phase mi-
croextraction of Cd by using GF-AAS. The cCalibration curve for Cd ions was linear in the 
range of 0.04–0.26 µg L−1 with a LOD of 0.005 µg L−1. The RSD was 2.1% with an EF value 
was of 25. The recovery of Cd in tap water, river water, and pond water was found in 
ranged from 94 to 105% [44]. There are many other methods are reported for the determi-
nation of Cd in different samples using different extraction methods [45–52] (Table 6). The 
analytical efficacy of the present optimized procedure was compared with many previ-
ously reported techniques for the analysis of Cd which and is described in Table 5. Among 
the reported methods, the present method was displayed a lower RSD% and extraction 
time. In Sspecifically, a good linearity range, LOD, and LOQ, and recovery was were ob-
tained as compared to other ETAAS and HR-CS-FAAS methods, that which are very more 
sensitive than FAAS. As an obtainedIn our results, the linearity range, EF, LOD, RSD%, 
and LOQ values of the optimized procedure for the extraction of Cd was were be[er than 
other reported procedures. The toxic reagents are not required in the present procedure, 
which provides an important advantage over other procedures. 

  



 

 

5. Conclusions 
A simple and highly sensitive method was developed on the basis of VA-dSPµE com-

bined with FAAS was and utilized for the extraction of Cd in water as well asand food 
samples in with the use of a sulphur- rich sorbent, PvbXa. The cContribution of variables 
eluent time, pH, sorbent level, mixing type and time, resume number, and sample volume 
were adjusted by used the CCD model used. The pProposed method is effectively utilized 
for to assess the Cd and showed good extraction recovery from food and water samples. 
Comparison of the VA-dSPµE method with the reported values are is specified in Table 6. 
This method has some certain advantages such as low LOD and RSD, short time of extrac-
tion, good linear range, and be[er preconcentration factor according to the reported val-
ues. The tolerance limit of concomitant ions were was found in at a higher level. Thus, the 
present VA-dSPµE method may be easily utilized to with highly saline samples and com-
plex matrices media for the extraction and examination of Cd samples. 


