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A B S T R A C T   

A green vortex assisted based liquid-liquid microextraction (VA-LLME) method was developed for preconcen
tration of selenium. Ammonium pyrrolidine dithiocarbamate (APDC) was used to form a hydrophobic complex 
with selenium in natural water, agricultural soil and food samples by GFAAS. Whereas Triton X-114, a nonionic 
surfactant and 1-butyl-3-methylimidazolium hexafluorophosphate ionic liquid were used for Se extraction as a 
dispersing medium. The conical flasks contents were shack on a vortex mixer to increase the extraction effi
ciency. Multivariate techniques were used to evaluate extraction parameters; pH, vortex time, APDC amount, 
volume of ionic liquid and Triton X-114 and centrifugation rate on the recovery of Se. The central composite 
design (CCD) was used for further optimization of the essential extraction parameters. The enhancement factor 
and limit of detection were obtained as 98.7 and 0.07 µg L− 1. The certified reference materials was used for 
accuracy of method and the related standard deviation was found to be 3.51%. The resulted data indicated that 
concentrations of Se in all types of water samples were below the permissible limit recommended by WHO.   

1. Introduction 

In the periodic table, selenium (Se) is known as one of the important 
metalloids for the healthy life of animals and humans being. The Se has 
dual nature, at a lower concentration and it plays an essential micro
nutrient, while in higher concentrations, it will create toxicity (Nanda
kumaran et al., 2003; (Hamilton, 2004). The reactivity, toxicity and 
bioavailability of Se depends on its concentration level in natural water, 
agricultural soil and food samples. The Se has an important role in im
mune system functioning, anti-carcinogenic effect and balancing the 
redox reactions inside the body (El-Bayoumy, 2001). It has a series of 
critical roles in the biological system, such as enzymatic and structural 
building systems (Ellis and Salt, 2003). The essentiality and toxicity of 
Se, especially in humans, depends on its different oxidation states and 
concentration levels. Selenium induced agricultural soil contamination 
all over the world and causing a severely harmful effect on the envi
ronment. The toxicity of Se is related to lots of diseases, mostly heart and 
kidney problems (Ji et al., 2012; Lemly, 2004; Sun et al., 2010). 

Selenium is considered as a dangerous metalloid; it accumulates in our 
body, mainly in kidneys which causes mutilation in their process and 
create severe health hazard (Shaheen et al., 2017). Intake of Se causes 
calcium regulation and reduces the action of zinc assisted enzymes that 
can persuade cell injury and death; thus, it is also known as a carcino
genic metalloid (Brozmanová et al., 2010). Generally, environmental 
pollution by metals/metalloids sources are; fertilizers, pigments, mining 
and burning of coal, oil and waste materials, building tools, farming and 
so many others. These processes are the main causes of widespread 
anthropogenic pollution of water, air and soil across the world (Ali, Kazi 
et al., 2016a; Ali, Kazi, Baig, Afridi, Arain, Brahman et al., 2015). Se
lenium deficiency creates oxidative stress that is responsible for pro
ducing and developing different types of diseases, namely coronary 
heart, cancer, diabetes and rheumatism (Ionita et al., 2010; Nogueira 
and Rocha, 2011). 

The highest level of Se concentration was observed in the body or
gans, such as liver and kidney; meanwhile, it is distributed all over the 
body system. The concentration of Se in the whole body has been 
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reported in the range of 3.0–6.0 mg of those persons who are living in Se 
deficient area/environments. In comparison, >13.0 mg was found in Se 
enriched/contaminated regions (Afridi et al., 2015). The liver affects the 
metabolism mechanism of various metals and metalloids in the body 
system and accumulates them, to circulate in the blood system. The Se 
recommended dietary allowance is 55 μg per day for adult’s human 
beings. Biological functioning of Se in animals and human bodies is to 
synthesize selenocysteine and > 25 selenoproteins (Bruhn et al., 2009). 
Among them, glutathione peroxides are well known that decreases 
organic hydro-peroxide and hydrogen peroxide, and at higher levels of 
glutathione these salts soluble in water or weak acid. In blood plasma, 
RDA of Se was recently set to maintain the maximum glutathione per
oxides activity. The Se is an essential part of some antioxidant enzymes 
like glutathione peroxides and thioredoxin reductase, which plays cat
alytic role in some biological reactions and reduces the toxic effect of 
some elements like arsenic, mercury, etc. (Klapec et al., 2004). The 
concentration levels of Se in humans being and animals were increased 
through vegetable, fruit and foods grown in soil enriched with it, in 
addition to used contaminated fertilizers/biosolids (Afridi et al., 2014; 
Mattila et al., 2001). Selenium-enriched in agricultural soil can also be a 
way to decreases the deficiency of Se and get health benefits. Laboratory 
research indicated that Se in herbs may also play a critical role in 
therapeutic effects. 

As the concentration of Se in natural water is very low, so it is 
necessary to use different enrichment/preconcentration and separation 
methods. However some methods were also developed for determina
tion of Se in agricultural soil and food samples, if they contain lower 
levels of it. Different separation and preconcentration procedures for the 
determination of Se have been developed such as solid-phase extraction, 
liquid-liquid extraction, dispersive liquid-liquid microextraction, co- 
precipitation, cloud point extraction and vortex assisted liquid-liquid 
microextraction (Ali et al., 2019; Latorre et al., 2013). Previously for 
the extraction of Se compound by organic solvents which are dangerous, 
flammable and ecologically harmful (Berijani et al., 2006). Room tem
perature ionic liquids (RTILs) have been concerned as green solvents 
used as substitute of conventional volatile organic solvents in different 
fields of chemistry (Marsh et al., 2002). These are salts liquid over an 
extensive temperature range together with room temperature. Ionic 
liquids have some distinctive physicochemical properties such as non- 
flammability, negligible vapor pressure and better extractability for 
different hydrophobic complexes of metalloids (Tuzen and Pekiner, 
2015). 

Multivariate techniques have been more popular nowadays due to its 
characteristic for optimizing various experimental parameters at a time. 
The newly developed microextraction method of VA-LLME was opti
mized by using multivariate techniques, Plackett-Burman Design (PBD) 
and Central Composite Design (CCD). The both designs have advantages 
of effective extraction, faster process and lower costs (Panhwar et al., 
2014). The PBD was used for screening out the significant extraction 
parameters in the present VA-LLME method. The PBD was convenient to 
perform limited numbers of experimental parameters to carrying out 
newly developed analytical procedure. Therefore, PBD has been 
employed for optimization of analytical methodology (Bilal et al., 2017; 
da Luz Lopes et al., 2009). 

Different quantification techniques has been applied for the analysis 
of Se including graphite furnace atomic absorption spectrometry (GF- 
AAS) (Ghasemi et al., 2010; Qiao-juan, 2010), inductively coupled 
plasma mass spectrometry and inductively coupled plasma optical 
emission spectrometry (Habte et al., 2016), The main objective of this 
research work is to develop a green VA-LLME method for the pre
concentration and extraction of Se in natural water, agricultural soil and 
food samples. The APDC was used for the formation of a hydrophobic 
complex with Se and extracted into the fine droplets of ionic liquid (IL). 
A nonionic surfactant Triton X-114 was mixed into the extraction system 
as a dispersing medium. At the end, the enriched metalloid complex in IL 
were back-extracted with aqueous nitric acid (HNO3) to overcome the 

matrix effects of IL on determination by GFAAS, as well as enhance the 
efficiency and selectivity of the proposed VA-LLME method. For com
plete characterization of VA-LLME methodology, analysis and optimi
zation of the different parameters with multivariate techniques were 
studied for the enrichment of Se in natural water, digested agricultural 
soil and food samples. 

2. Materials and methods 

2.1. Chemicals and glassware 

All used reagents are of analytically rank and solutions were made up 
by reverse osmosis purified water. The chelating agent of APDC was 
bought from the Fluka Kamica (Bush, Switzerland). Ethanol, Triton X- 
114 and ionic liquid [C4MIM] [PF6] of Sigma-Aldrich (St. Louis, MO, 
USA) were applied in the proposed VA-LLME method. Triton X-114 
(0.1% v/v) solution was prepared by dissolving 0.1 mL in 100 mL of 
distilled water. Selenium standard solution was prepared by the dilution 
of stock standard solution of 1000 mg L− 1 (Merck, Darmstadt, Ger
many). The 0.2 mol L− 1 of HNO3 was used to make working standards 
solution. The pH was attuned from 1.0 to 6.0 by drop wise addition of 
0.1 mol L− 1 of hydrochloric acid and NaOH in phosphate buffer (moni
tored with a pH meter). Certified reference material of NCS ZC73032 
Celery, soil and sediments (GBW-07309) were obtained from (Gai
thersburg, MD, USA). 

2.2. Instrumentations 

Perkin-Elmer Model, an Analyst 700 (Norwalk, CT) atomic absorp
tion spectrometry attached with graphite furnace (GF-AAS) was applied 
for the determination of selenium. An operational current of the Se 
hollow cathode lamp were 7.5 mA with spectral width 0.20 nm, and 
wavelength 196 nm, all maintained these values during instrumental 
analysis. A centrifugation with speed ranged from 0 up to 6000 rpm, 
220/50 Hz time ranged from 0 to 60 min, (Mechanika Phecyzyjna, 
Poland), was used for the centrifugation. The pH measurements were 
performed by using a 720-pH meter, Metrohm. 

2.3. Sampling and sample pre-treatment 

Different natural water samples such as tap water, drinking water, 
mineral water, hot spring water (n = 10 of each) have been collected 
from Tokat City, Turkey. Agricultural soil (n = 10) and food samples 
(onion, garlic, walnut, hazelnut, chicken meat, canned fish, egg, banana, 
apple, tomato, potato, spinach, broccoli, cow milk and goat milk) 
(n = 10 of each) corresponding to total samples (n = 160), were 
collected from various sampling areas of the agricultural land and local 
markets in Tokat City, Turkey. All collected food and water samples of 
different origin were stored in polyethylene plastic bags and bottles, 
respectively. These samples were transferred as soon as possible into the 
laboratory and preserved at dry places at 4 ◦C, till further analysis. 

2.4. Microwave digestion procedure 

Triplicate of each certified reference material of soil and sediments 
(GBW-07309), NCS ZC73032 Celery, agricultural soil and all food 
samples (0.25 g) were taken in digestion Teflon flasks individually. Then 
mixed freshly prepared 9.0 mL of acid mixture made of HNO3 (65%) and 
HCl (37%) in the ratio of 1:3 (V/V) for the digestion of soil samples. Acid 
mixture contained 6 mL of HNO3 (65%) and 2 mL H2O2 (30%) was used 
for the digestion of food samples. Microwave digestion conditions for 
the samples were applied as 2.0 min, about 250 W, 2 min about 0 W, 
6 min about 250 W, 5 min about 400 W, 8 min about 550 W, vent: 8 min 
(Ali, Tuzen, & Kazi, 2016b). After digestion, the samples were diluted to 
25 mL for the determination of Se by using ET-AAS technique. 
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2.5. Proposed VA-LLME procedure 

Triplicate 25 mL of Se standard solution was transferred into tubes 
(50 mL in capacity). Added 0.05 to 0.25 mol L− 1 of APDC into the so
lution of tubes and then adjusted pH in the range of 1.0–6.0 by the 
addition of NaOH/HCl solution (0.10 mol L− 1), in phosphate and acetate 
buffers. Later on, added 100–400 μL of IL and 100 to 500 μL of 0.01% 
Triton X-114, then the tubes was capped and vigorously shaken for 5–18 
sec on a vortex mixer at the speed of 2500 rpm. A cloudy solution was 
formed, which was then centrifuged for 10 min at 500–3000 rpm to get 
phase separation. The Se-APDC complex was settled down at the bottom 
of the centrifuge tube and then removed carefully upper layer of solvent. 
In the second phase, Se from the viscous IL phase was back-extracted by 
0.30 mL of HNO3 (2.0 mol L− 1), before analysis by GF-AAS. A blank was 
also submitted to the same procedure. 

2.6. Multivariate techniques 

The central composite design (CCD) and placket Barman design 
(PBD) are useful statistical tests for the optimization and screening out 
the most significant parameters via using Minitab-16 (Minitab Inc., State 
College, PA, USA) and Statistica-2007 (Stat Soft, Inc. s, PA, USA) com
puter program, respectively. These multivariate design are applied to 
reduce the time for the developed VA-LLME method and provide sig
nificant information about the extraction parameters that quickly make 
data interpretation. 

To develop an analytical procedure, VA-LLME using multivariate 
technique, PBD, to screening out the necessary/unnecessary factors. In 
present work six factors have been optimized at two levels for which full 
factorial design have required 64 (26) experiments. But these experi
ments have been decreased to only 12 by the application of PBD. The 
extraction parameters for developed method, such as pH, vortex mixing 
time, concentration of the complexing agent, centrifugation rate, vol
ume of IL and Triton X-114 are indicates at its high and low levels in 
Table 1. The data obtained by PBD are the % recoveries of Se after 
analyzing six replicate standards of 10 μg L− 1 of Se. After screening out 
the extraction parameters which have less effects on the extraction ef
ficiency of analyte were set at one/fixed values for further optimization. 
The remaining three significant extraction parameters were further 
optimized by using central 23+ star, orthogonal composite design (CCD) 
with six degrees of freedom to get the highest percentage recovery of Se 
by the proposed VA-LLME method. The CCD involving 16 new experi
ments as shown in Table 2. 

3. Results and discussions 

3.1. Screening of experimental parameters and their effects 

It was observed that the most significant extraction parameters ob
tained from the resulted data of PBD, corresponding to concentration of 
APDC, pH and vortex mixing time at a 95% confidence level. The re
coveries of the Se due to combined effects from experiment 1 to 12 at 
higher and lower values of each extraction parameters are shown in 
Table 2. The highest recovery of Se was observed at higher values of the 
vortex mixing time, the concentration of APDC and the volume of Triton 
X-114, as shown in experiment 10 (Table 2). Meanwhile, the lowest 
recovery of Se was obtained with a combined effect of the lower values 
of VMT, APDC, volume of IL and centrifugation rate, whereas higher 
values of pH and Triton X-114 with a recovery of only 30%. The recovery 

Table 1 
Lower and higher values of the extraction parameters used in PBD.  

Variables (Abbreviations) Units Low High 

pH (pH) – 1.00 6.00 
Vortex mixing time (VMT) Sec 5.00 18.0 
Complexing reagent (APDCa) mol L− 1 0.05 0.25 
Volume of Ionic Liquid (IL) µL 100 400 
Surfactant volume (SV) µL 100 500 
Centrifugation rate (CR) rpm min− 1 500 3000  

a Ammonium pyrrolidine dithiocarbamate. 

Table 2 
The extraction parameters results used in the PBD (N = 6).  

S. 
NO 

pH VMT 
(Sec) 

APDC 
(mol L− 1) 

IL 
(µL) 

SV 
(µL) 

CR (rpm 
min− 1) 

Recovery 
(%) 

1  1.0  5.00  0.05 400 500 3000  38.0 
2  6.0  18.0  0.05 400 100 500  35.0 
3  6.0  18.0  0.25 100 500 3000  56.0 
4  1.0  18.0  0.05 100 100 3000  46.0 
5  6.0  5.00  0.25 100 100 500  35.0 
6  6.0  18.0  0.05 400 500 500  37.0 
7  6.0  5.00  0.25 400 100 3000  44.0 
8  1.0  5.00  0.25 400 500 500  55.0 
9  1.0  18.0  0.25 100 500 500  65.0 
10  1.0  18.0  0.25 100 100 3000  80.0 
11  6.0  5.00  0.05 400 500 3000  30.0 
12  1.0  5.00  0.05 100 100 500  35.0  

Fig. 1. Pareto chart for the standardized effects of the extraction parameters (APDC, pH, VMT, SV, IL and CR).  
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in experiment 1 with combined effect can be seen at higher values of 
ionic liquid and centrifugation rate, while at lower values of pH, VMT, 
APDC concentration and Triton X-114 vol, the recovery was < 40%. The 
combined effect on recovery of Se indicates in experiment 9 with higher 
values of vortex mixing time, the concentration of APDC, volume of IL, 
effect of the lower values of pH, centrifugation rate, and Triton X- 
114 vol resulted in a recovery of 65%. Whereas in experiment 10, at low 
values of surfactant, pH and IL, and higher VMT, APDC and centrifu
gation rate the recovery of Se was found to be 80%. In experiment 3, 
except IL, all other extraction parameters were at their higher values and 
the recovery reached 56%. In experiments 2 and 6 at higher values of IL 
effect shows the decreased recoveries as 35% and 37%, respectively and 
the remaining extraction parameters values are same as in experiment 3. 
Therefore, we can see that the volume of ionic liquid has an insignificant 
effect on the extraction of Se by developed VA-LLME. The maximum 
recovery of Se was observed in experiments, 3, 4, 9 and 10 at a higher 
value of vortex mixing time with a combination of other extraction 
parameters. It showed the major significant effects was vortex mixing 

time due to uniformed mixing and extraction of Se in natural water, 
digested agricultural soil and food samples. 

In addition, screening out the effects of each variable on the % re
coveries of Se as mention in Table 2, and a Pareto chart for the stan
dardized effects of main factors are also made as shown in Fig. 1. The 
Pareto chart of the standardized effect can be visualized with alpha 
value at 0.05 and percentage recovery at 95% confidence interval. It 
indicates that the factorial design for screening test of the extraction 
variables was observed at critical value (2.571). It shows that those 
factors have significant effects, if its experimental value is higher than 
the critical value. 

3.2. Central composite design for optimization of significant parameters 

Optimization of the significant extraction parameters was performed 
by CCD that mostly created by 2nd order response surface modeling (Ali 
et al., 2019). For further optimization of the advanced VA-LLME 
method, a central 23+ star orthogonal composite design was also per
formed employing six degrees of freedom involving 16 runs. Three 
important extraction parameters, such as APDC concentration, pH and 
vortex mixing time were considered as significant variables for 
maximum extraction efficiency of Se in the proposed VA-LLME method. 
Insignificant extraction variables such as surfactant volume, ionic liquid 
volume and centrifugation rate were fixed at suitable values as 500 µL, 
400 µL and 3000 rpm, respectively (Table 3). Optimum values of all 
three extraction parameters (APDC, pH and VMT) were obtained as 
0.15 mol L− 1, 3.5 and 11.5 sec, respectively observed in experiments 1 
and 16 with the highest recoveries of Se that was about 98%, as shown in 
Table 3. Experiment 14 shows the highest value of VMT (22.4 sec), 
whereas optimum values of the other two factors give the minimum 
effect on the recovery of Se. The next important variable was pH, which 
has a crucial role in the formation of the complex for maximum recovery 
of Se in standards and real samples. The recoveries of Se at the minimum 
and maximum values of pH in experiments 1 to 8 were observed within 
24 to 38%. In experiments 13 and 14, the lowest and highest values of 
vortex mixing time provided 17 and 32% recoveries of Se, whereas the 
other two extraction parameters at their optimum values in both ex
periments. The vortex mixing time is a critical extraction parameter at 

Table 3 
Significant extraction parameters values in central 23 orthogonal composite 
designs.  

Runs APDC (mol L− 1) pH VMT (Sec) Recovery (%) 

1 0.15 3.50 11.5 97.8 
2 0.05 1.00 5.00 24.0 
3 0.25 1.00 5.00 25.0 
4 0.05 6.00 5.00 32.0 
5 0.25 6.00 5.00 38.0 
6 0.05 1.00 18.0 35.0 
7 0.25 1.00 18.0 24.0 
8 0.05 6.00 18.0 32.0 
9 0.25 6.00 18.0 32.0 
9 0.02 3.50 11.5 43.0 
10 0.32 3.50 11.5 23.0 
11 0.15 0.70 11.5 55.0 
12 0.15 7.70 11.5 10.0 
13 0.15 3.50 0.57 17.0 
14 0.15 3.50 22.4 32.0 
15 0.32 0.7 11.5 24.0 
16 0.15 3.50 11.5 98.0  

Fig. 2. Central composite design for Se response (a) response between APDC Vs pH and (b) response between APDC Vs VMT.  
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its lower and higher values, as seen in the proposed VA-LLME method. 
The interaction between the concentration of APDC vs pH and APDC vs 
VM time was applied to find out maximum recovery in 3D response 
surface graphs shown in (Fig. 2a and b). The quadratic equation esti
mated the anticipated response surface data for maximum recovery in 
significant extraction parameters. The theoretical optimized values of 
APDC 0.126 mol L− 1, pH 4.71 and VMT 15.3 sec were observed for 100% 
recovery of Se, respectively. Further experiments were performed at 
optimum values of three significant extraction parameters. 

3.3. Effect of interference ions 

Effect and interference of the foreign ions on preconcentration and 
determination of Se were studied in the VA-LLME method. Concerning 
of the interfering ions in the preconcentration step involves cations that 
may be less reactive with the selected complexing agent, APDC and 
decreased extraction efficiency of the Se. For performing out this 
interference study, 10 mL of a solution containing (1.0 μgL− 1) of Se and 
added different interference ions concentration continuously until the 
recovery of analyte was affected. The effects of interference ions with 
their tolerance limits for preconcentration of Se for proposed VA-LLME 
method. The results shows the tolerance limits of the interfering ions, 
which give a standard deviation > 5% known as interference ions. The 
tolerance limit for sodium, potassium, calcium and magnesium was 
10,000 mgL− 1 with recovery > 97.7% due to the formation of an un
stable complex of these ions with Se. The recovery of the Se was > 95.1% 
with increasing concentration of chloride, nitrate, sulfate, phosphate 
and carbonate up to 5000 mg L− 1 tolerance limit. The recovery of the Se 
was > 96.9%, with increasing concentration of aluminum, iron and 
manganese up to 100 mgL− 1 tolerance limit. Meanwhile, the tolerance 
limit for cobalt, nickel, zinc and chromium was up to 50 μgL− 1 with 
recovery > 98.4%. 

3.4. Analytical figures of merit 

The analytical performance of the proposed VA-LLME method was 
checked after the optimization of the extraction parameters. Linear 
calibration curve by using Se standards solution was obtained in the 
range of 0.24–1.75 µg L− 1 with co-relation coefficient, R2 = 0.997. The 
regression equation of the developed VA-LLME method was achieved 
asA = 0.29C − 0.05, where “A” indicated the absorbance and “C” indi
cated concentration of the standard solutions. The precision of the 
proposed method was checked by calculating the related standard de
viation (RSD %). The RSD % of 3.51 was observed after ten replicate 
analyses of 1.0 µg L− 1 Se standard solutions. The limit of detection (LOD) 
and limit of quantification (LOQ) of the proposed method were calcu
lated by the following formulas: 

LOD =
3 × δ
Slope

,LOQ =
10 × δ
Slope  

where: Sigma “δ” indicates the standard deviation of 10 new readings 
and slope from the linear calibration curve after applying the VA-LLME 
method. The calculated values of LOD and LOQ of the proposed VA- 
LLME method were found to be 0.07 µg L− 1 and 0.23 µg L− 1, 
respectively. 

The enhancement factor (EF) was observed as a ratio of the slope 
values from regression equations with and without preconcentration 
method (Arain et al., 2018). For validation purposes, the developed VA- 
LLME method was checked by analyzing certified reference material of 
stream sediments (GBW-07309), NCS ZC73032 Celery. Percentage re
covery for analysis of certified reference material (GBW-07309), NCS 
ZC73032 Celery was calculated by using the following formulas 
respectively; 

R(%) =
Observed concentration
Certified cncentration

× 100 

Finally, the calculated recovery of Se in CRM of stream sediments 
(GBW-07309) and NCS ZC73032 Celery were > 98.8% as shown in 
Table 4. The recovery observed for all certified samples are > 98.0%. It 
indicated that our advanced VA-LLME method is highly validated and 
accurate for the analysis of natural water, agricultural soil and food 
samples. 

3.5. Application of VA-LLME method 

The VA-LLME method was successfully applied for the determination 
of Se concentrations in different types of water, agricultural soil and 
food samples. The resulted values of Se 1.25 µg/kg were obtained in 
agricultural soil from Tokat City, Turkey (Table 5). The Se concentration 
was found to be low in agricultural soil, different types of water and food 
samples, which cannot affect human life. The real samples of milk (goat 
and cow) and food (onion, garlic, walnut, hazelnut, chicken meat, 
canned fish, egg, banana, apple, tomato, potato, spinach and broccoli) 
samples were analyzed by using VA-LLME method (Table 5). The pop
ulation of Tokat city mostly used agricultural products in the form of 
food and vegetable for energy purposes, depending on the weather. The 
intake/exposure of Se via drinking waters and eating food including 
vegetable, by the population of understudy areas possesses less possi
bility of creating adverse impact due to its lower contents. 

The analytical characterization of the proposed VA-LLME method for 
determination of Se compared with literature reported microextraction 
methods (Bidari et al., 2008, 2007; Fragueiro et al., 2006; Panhwar 
et al., 2017; Shrivas and Patel, 2011; Tuzen et al., 2016; Zhang et al., 
2013). The analytical characteristics of the developed VA-LLME for 
determination of Se have observed more advantages as compared to 
other literature reported microextraction methods. Excellent analytical 

Table 4 
Concentration of selenium in certified reference materials using present method.  

CRM Certified value (mg 
kg− 1) 

Found value (mg 
kg− 1) 

Recovery 
(%) 

GBW-07309 stream 
sediment 

0.16 ± 0.01a 0.158 ± 0.01a  98.8 

NCS ZC73032 
Celery 

0.118 ± 0.017a 0.116 ± 0.010a  98.3  

a Mean ± standard deviation. 

Table 5 
Concentration of selenium in agricultural soil, natural water and 
food samples (n = 10).  

Samples Concentrations 

Agricultural soil 1.25 ± 0.06a (µg kg− 1) 
Tap water 0.40 ± 0.03 (µg L− 1) 
Drinking water 0.30 ± 0.02 (µg L− 1) 
Mineral water 0.75 ± 0.05 (µg L− 1) 
Hot spring water 0.96 ± 0.08 (µg L− 1) 
Milk samples Concentrations (µg L− 1) 
Goat milk 89.2 ± 5.31a 

Cow’s milk 54.6 ± 3.50 
Food samples Concentrations (µg kg− 1) 
Onion 72.9 ± 4.81a 

Garlic 106 ± 9.12 
Walnut 35.4 ± 2.19 
Hazelnut 41.3 ± 2.60 
Chicken meat 81.8 ± 6.28 
Canned fish 111 ± 8.43 
Egg 137 ± 7.53 
Banana 47.1 ± 2.59 
Apple 32.7 ± 4.27 
Tomato 26.7 ± 1.82 
Potato 71.2 ± 4.44 
Spinach 105 ± 7.85 
Broccoli 66.5 ± 4.16  

a Mean ± standard deviation. 
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characteristics such as high enhancement factor, low RSD and detection 
limit as compared to other extraction and preconcentration methods 
except for some methods shown in Table 6. 

4. Conclusion 

The proposed VA-LLME method was used for the determination of 
low-levels of Se concentration in natural water, digested agricultural soil 
and food samples. The microwave acid digestion method was used for 
the digestion of agricultural soil and food samples and then applied the 
developed microextraction method. The advanced VA-LLME method has 
many advantages such as green, economical, ease procedure, selectivity 
and sensitivity. Vortex mixer was used for the uniform formation of a 
complex with APDC and mixing of the dispersive medium Triton X-114 
with ionic liquid for Se extraction. It is a green microextraction method 
by removing toxic organic solvents (acetone, methanol, carbon tetra
chloride and chloroform) by using ionic liquid and Triton X-114 as green 
alternatives for separation and preconcentration of Se. The interference 
study shows that it did not interfere with the determination of Se at their 
respective tolerable limits. The enrichment contents of Se at an ultra- 
trace level in natural water, agricultural soil and food samples were 
determined successfully by GF-AAS. The application of factorial design 
for the screening of extraction parameters shows that concentration of 
APDC, pH and vortex mixing time is the most significant factor for 
maximum recovery of Se. The optimum values of all parameters were 
used for the enrichment of trace level Se in natural water, agricultural 
soil and food samples. 
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